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HOLOGIC EXHIBIT 1025 
Hologic v. Enzo

 RESPONSE UNDER 37 C.F.R. §1. 116

EXPEDITED PROCEDURE

EXAMINING GROUP ART UNIT 1631

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

App|icant(s): Stavrianopoulos, et al.

Serial No.: 08/486,070 Group Art Unit: 1631

Filed: June 7, 1995 Ex'r: Ardin H. Marschel, Ph.D.

For: ARRAYS AND SYSTEMS COMPRISING
ARRAYS FOR GENETIC ANALYSES AND

OTHER APPLICATIONS

(As Previously Amended)

iii/iiiiiiiéi
527 Madison Avenue, 9"‘ Floor

New York, NY 10022-4304

June 30, 2004

VIA EXPRESS MAIL

Mail Stop Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER 37 C.F.R. §1.116

(IN RESPONSE TO THE APRIL 7, 2004 OFFICE ACTION)

Dear Sirs:

This is a response (Amendment Under 37 C.F.R. §1.1 16) to the Office Action

mailed on April 7, 2004 in connection with the above-identified application. A

response to the April 7, 2004 Office Action is initially due by July 7, 2004.

Accordingly, this response (Amendment Under 37 C.F.R. §1 .1 16) is being timely filed

and no extension request or fees are believed due.
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EXPRESS MAIL CERTIFICATE

"Express Mail" Label No. EV531083255US
Deposit Date June 30 2004

I hereby certify that this paper and the attachments herein
are being deposited with the United States Postal Service
"Express Mail Post Office to Addressee" service under 37
CFR 1.10 on the date indicated above and is addressed to

the Commissioner of Patents and Trademarks, Washington
2 231.

% UL/Nd 3 6 2004
DateRonald C. Fedus

Reg. No. 32,567
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KINDLY AMEND THE ABOVE-IDENTIFIED APPLICATION AS FOLLOWS:

In The Title of the Invention: Change the title to:

-- Nucleic Acids Fixed or Immobilized to Non-Porous Solid Support, and

System, Array and Non-Porous Glass or Plastic Solid Support Comprising

Such Fixed or Immobilized Nucleic Acids —- .

In The Claims: Please enter the complete listing of all claims provided below.

Claims 1-2160 (Previously Canceled).

Claims 2161-3143 (Canceled).

Claim 3144. (New) A non-porous solid support comprising at least one single-

stranded nucleic acid directly or indirectly fixed or immobilized thereto in hybridizable

form, wherein when said nucleic acid is indirectly fixed or immobilized to said non-

porous solid support, said indirect fixation or immobilization is not to a cell fixed in

situ to said non-porous solid support.

Claim 3145. (New) A non-porous solid support comprising at least one double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non-radioactive

chemical label which is quantifiable or detectable, wherein when said nucleic acid is

indirectly fixed or immobilized to said non-porous solid support, said indirect fixation

or immobilization is not to a cell fixed in situ to said non-porous solid support.
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Claim 3146. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises glass or plastic.

Claim 3147. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises a plate, a well or wells, a microtiter well or

microtiter wells, depressions, tubes, cuvettes, beads, or a set of said plates, wells,

depressions, tubes, cuvettes or beads.

Claim 3148. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises more than one surface.

Claim 3149. (New) The non-porous solid support of claim 3144 or 3145, comprising

reactive sites or binding sites thereon, wherein said nucleic acid is fixed or

immobilized to one of said reactive sites or binding sites.

Claim 3150. (New) The non-porous solid support of claim 3149, wherein said

reactive sites or binding sites comprise one or more amines, hydroxyls or epoxides.

Claim 3151. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support has been treated with a surface treatment agent, a

blocking agent, or both.

Claim 3152. (New) The non-porous solid support of claim 3151, wherein said

surface treatment agent comprises an amine providing compound, an epoxy glue or

solution, an acid solution, or ammonium acetate.

Claim 3153. (New) The non-porous solid support of claim 3151, wherein said

blocking agent comprises Denhardt's solution.
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Claim 3154. (New) The non-porous solid support of claim 3144 or 3145, wherein

said direct or indirect fixation or immobilization to said non-porous solid support is

covalent.

Claim 3155. (New) The non-porous solid support of claim 3144 or 3145, wherein

said direct or indirect fixation or immobilization to said non-porous solid support is

non-covalent.

Claim 3156. (New) The non-porous solid support of claim 3144, wherein said

single-stranded nucleic acid is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to a complementary nucleic

acid strand.

Claim 3157. (New) The non-porous solid support of claim 3145, wherein one strand

of said double-stranded nucleic acid is indirectly fixed or immobilized to said non-

porous solid support by sandwich hybridization or by hybridization to a

complementary nucleic acid strand.

Claim 3158. (New) The non-porous solid support of claim 3144, wherein said

nucleic acid comprises DNA or RNA.

Claim 3159. (New) The non-porous solid support of claim 3145, wherein said

nucleic acid comprises DNA, RNA or both.

Claim 3160. (New) The non-porous solid support of claim 3144, wherein said

nucleic acid comprises a nucleic acid sequence complementary to a nucleic acid

sequence of interest sought to be identified, quantified or sequenced.
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Claim 3161. (New) The non-porous solid support of claim 3145, wherein one strand

of said double-stranded nucleic acid comprises a nucleic acid sequence of interest

sought to be identified, quantified or sequenced.

Claim 3162. (New) The non-porous solid support of claim 3144, wherein said

single-stranded nucleic acid is unlabeled.

Claim 3163. (New The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support is transparent or translucent.

Claim 3164. (New) The non-porous solid support of claim 3145, wherein said non-

radioactive chemical label is quantifiable in or from a fluid or solution, said quantity

being proportional to the amount or quantity of said label or labels.

Claim 3165. (New) The non-porous solid support of claim 3145, wherein said non-

porous solid support is transparent or translucent, and said non-radioactive chemical

label is quantifiable in or from a fluid or solution or in or through said non-porous solid

support, said quantity being proportional to the amount or quantity of said label or

labels.

Claim 3166. (New) The non-porous solid support of claim 3145, wherein said non-

radioactive chemical label comprises a chromagen or a chromagenic compound, a

colored dye compound, a fluorogen or a fluorescent compound, a chemiluminescent

compound, a chelating compound, an enzyme or an enzymatic compound, a

coenzyme, biotin, iminobiotin, a hapten or a ligand.
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Claim 3167. (New) The non-porous solid support of claim 3145, wherein a non-

radioactive signal from said non—radioactive chemical label is quantifiable or detectable

by photometric techniques, spectrophotometric techniques, colorimetric techniques,

fluorometric techniques or chemiluminescent techniques.

Claim 3168. (New) The non-porous solid support of claim 3144, comprising more

than one single-stranded nucleic acid.

Claim 3169. (New) The non-porous solid support of claim 3145, comprising more

than one double-stranded nucleic acid.

Claim 3170. (New) A set comprising the non-porous solid support of claim 3144.

Claim 3171. (New) A set comprising the non-porous solid support of claim 3145.

Claim 3172. (New) A system comprising a non-porous solid support and at least one

single-stranded nucleic acid directly or indirectly fixed or immobilized thereto in

hybridizable form, wherein when said nucleic acid is indirectly fixed or immobilized to

said non-porous solid support, said indirect fixation or immobilization is not to a cell

fixed in situ to said non-porous solid support.

Claim 3173. (New) A system comprising a non-porous solid support and at least one

doub|e—stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic

acid strand of said double-stranded nucleic acid comprises at least one non-

radioactive chemical label which is quantifiable or detectable, and wherein when said

nucleic acid is indirectly fixed or immobilized to said non-porous solid support, said

indirect fixation or immobilization is not to a cell fixed in situ to said non-porous solid

support.
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Claim 3174. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises glass or plastic.

Claim 3175. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises a plate, a well or wells, a microtiter well or microtiter wells,

depressions, tubes, cuvettes, beads, or a set of said plates, wells, depressions, tubes,

cuvettes or beads.

Claim 3176. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises more than one surface.

Claim 3177. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises reactive sites or binding sites thereon, wherein said nucleic

acid is fixed or immobilized to one of said reactive sites or binding sites.

Claim 3178. (New) The system of claim 3177, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3179. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support has been treated with a surface treatment agent, a blocking agent, or

both.

Claim 3180. (New) The system of claim 3179, wherein said surface treatment

agent comprises an amine providing compound, an epoxy glue or solution, an acid

solution or ammonium acetate.
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Claim 3181. (New) The system of claim 3179, wherein said blocking agent

comprises Denhardt's solution.

Claim 3182. (New) The system of claim 3172 or 3173, wherein said direct or

indirect fixation or immobilization to said non-porous solid support is covalent.

Claim 3183. (New) The system of claim 3172 or 3173, wherein said direct or

indirect fixation or immobilization to said non-porous solid support is non-covalent.

Claim 3184. (New) The system of claim 3172, wherein said single-stranded nucleic

acid is indirectly fixed or immobilized to said non-porous solid support by sandwich

hybridization or by hybridization to a complementary nucleic acid strand.

Claim 3185. (New) The system of claim 3173, wherein said one strand of said

doub|e—stranded nucleic acid is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to a complementary nucleic

acid strand.

Claim 3186. (New) The system of claim 3172, wherein said nucleic acid comprises

DNA or RNA.

Claim 3187. (New) The system of claim 3173, wherein said nucleic acid comprises

DNA, RNA, or both.

Claim 3188. (New) The system of claim 3172, wherein said nucleic acid comprises

a nucleic acid sequence complementary to a nucleic acid sequence of interest sought

to be identified, quantified or sequenced.
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Claim 3189. (New) The system of claim 3173, wherein one strand of said double-

stranded nucleic acid comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3190. (New) The system of claim 3172, wherein said single—stranded nucleic

acid is unlabeled.

Claim 3191. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support is transparent or translucent.

Claim 3192. (New) The system of claim 3173, wherein said non-radioactive

chemical label is quantifiable in or from a fluid or solution, said quantity being

proportional to the amount or quantity of said label or labels.

Claim 3193. (New) The system of claim 3173, wherein said non-porous solid

support is transparent or translucent, and said non-radioactive chemical label is

quantifiable in or from a fluid or solution or in or through said non-porous solid

support, said quantity being proportional to the amount or quantity of said label or

labels.

Claim 3194. (New) The system of claim 3173, wherein said non-radioactive

chemical label comprises a chromagen or a chromagenic compound, a colored dye

compound, a fluorogen or a fluorescent compound, a chemiluminescent compound, a

chelating compound, an enzyme or an enzymatic compound, a coenzyme, biotin,

iminobiotin, a hapten or a ligand.
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Claim 3195. (New) The system of claim 3173, wherein a non-radioactive signal

from said non-radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.

Claim 3196. (New) The system of claim 3172, comprising more than one single-

stranded nucleic acid.

Claim 3197. (New) The system of claim 3173, comprising more than one double-

stranded nucleic acid.

Claim 3198. (New) An array comprising various single-stranded nucleic acids

directly or indirectly fixed or immobilized in hybridizable form to a non—porous solid

support, wherein when said nucleic acids are indirectly fixed or immobilized to said

non-porous solid support, said indirect fixation or immobilization is not to a cell fixed

in situ to said non-porous solid support.

Claim 3199. (New) An array comprising various double-stranded nucleic acids

directly or indirectly fixed or immobilized to a non-porous solid support, wherein at

least one nucleic acid strand of said various double-stranded nucleic acids comprises

at least one non-radioactive chemical label which is quantifiable or detectable, and

wherein when said nucleic acids are indirectly fixed or immobilized to said non-porous

solid support, said indirect fixation or immobilization is not to a cell fixed in situ to

said non-porous solid support.

Claim 3200. (New) The array of claim 3198 or 3199, wherein said non-porous solid

support comprises glass or plastic.
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Claim 3201. (New) The array of claim 3198 or 3199, wherein said non—porous solid

support comprises a plate, a well or wells, a microtiter well or microtiter wells,

depressions, tubes, cuvettes, beads, or a set of said plates, wells, depressions, tubes,

cuvettes or beads.

Claim 3202. (New) The array of claim 3198 or 3199, wherein said non—porous solid

support comprises more than one surface.

Claim 3203. (New) The array of claim 3198 or 3199, comprising reactive sites or

binding sites thereon, wherein said nucleic acids are fixed or immobilized to said

reactive sites or binding sites.

Claim 3204. (New) The array of claim 3203, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3205. (New) The array of claim 3198 or 3199, wherein said non—porous solid

support has been treated with a surface treatment agent, a blocking agent, or both.

Claim 3206. (New) The array of claim 3205, wherein said surface treatment agent

comprises an amine providing compound, an epoxy glue or solution, an acid solution

or ammonium acetate.

Claim 3207. (New) The array of claim 3205, wherein said blocking agent comprises

Denhardt's solution.

Claim 3208. (New) The array of claim 3198 or 3199, wherein said direct or indirect

fixation or immobilization to said non—porous solid support is covalent
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Claim 3209. (New) The array of claim 3198 or 3199, wherein said direct or indirect

fixation or immobilization to said non-porous solid support is non-covalent.

Claim 3210. (New) The array of claim 3198, wherein said single—stranded nucleic

acids or sequences are indirectly fixed or immobilized to said non-porous solid support

by sandwich hybridization or by hybridization to complementary nucleic acid strands.

Claim 321 1. (New) The array of claim 3199, wherein one strand of said double-

stranded nucleic acids or sequences is indirectly fixed or immobilized to said non-

porous solid support by sandwich hybridization or by hybridization to complementary

nucleic acid strands.

Claim 3212. (New) The array of claim 3198, wherein said nucleic acids comprise

DNA or RNA.

Claim 3213. (New) The array of claim 3199, wherein said nucleic acids comprise

DNA, RNA, or both.

Claim 3214. (New) The array of claim 3198, wherein said nucleic acids comprise

nucleic acid sequences complementary to nucleic acid sequences of interest sought

to be identified, quantified or sequenced.

Claim 3215. (New) The array of claim 3199, wherein one strand of said double-

stranded nucleic acids comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3216. (New) The array of claim 3198, wherein said single—stranded nucleic

acids are unlabeled.

Enz-7(P)(C3)

Page 13 of 187



Page 14 of 187

Stavrianopoulos et al.,QS. Pat. Appl. Ser. No. 08/486,070 (Filed June 7, 1995)

Page 14 [Amendment Under 37 C.F.R. §1.116 -— June 30, 2004]

Claim 3217. (New) The array of claim 3198 or 3199, wherein said non-porous solid

support is transparent or translucent.

Claim 3218. (New) The array of claim 3199, wherein said non-radioactive chemical

label is quantifiable in or from a fluid or solution, said quantity being proportional to

the amount or quantity of said label or labels.

Claim 3219. (New) The array of claim 3199, wherein said non-porous solid support

is transparent or translucent, and said non-radioactive chemical label is quantifiable in

or from a fluid or solution or in or through said non-porous solid support, said quantity

being proportional to the amount or quantity of said label or labels.

Claim 3220. (New) The array of claim 3199, wherein said non-radioactive chemical

label comprises a chromagen or a chromagenic compound, a colored dye compound,

a fluorogen or a fluorescent compound, a chemiluminescent compound, a chelating

compound, an enzyme or an enzymatic compound, a coenzyme, biotin, iminobiotin, a

hapten or a ligand.

Claim 3221. (New) The array of claim 3199, wherein a non-radioactive signal from

said non-radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.
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Claim 3222. (New) An array cornprising various single-stranded nucleic acids

directly or indirectly fixed or immobilized in hybridizable form to a non—porous solid

support having wells or depressions, wherein when said nucleic acids are indirectly

fixed or immobilized to said wells or depressions of said _non-porous solid support,

said indirect fixation or immobilization is not to a cell fixed in situ to said wells or

depressions of said non-porous solid support.

Claim 3223. (New) An array comprising various double—stranded nucleic acids

directly or indirectly fixed or immobilized to a non-porous solid support having wells or

depressions, wherein at least one nucleic acid strand of said various double-stranded

nucleic acids comprises at least one non-radioactive chemical label which is

quantifiable or detectable, and wherein when said nucleic acids are indirectly fixed or

immobilized to said wells or depressions of said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said wells or depressions of

said non—porous solid support.

Claim 3224. (New) The array of claim 3222 or 3223, wherein said non-porous solid

support comprises glass or plastic.

Claim 3225. (New) The array of claim 3222 or 3223, wherein said wells or

depressions comprise a plate of wells or depressions, or a microtiter plate of wells or

depressions.

Claim 3226. (New) The array of claim 3222 or 3223, comprising reactive sites or

binding sites thereon, wherein said nucleic acids are fixed or immobilized to said

reactive ‘sites or binding sites.
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Claim 3227. (New) The array of claim 3226, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3228. (New) The array of claim 3222 or 3223, wherein said non—porous solid

support has been treated with a surface treatment agent, a blocking agent, or both.

Claim 3229. (New) The array of claim 3228, wherein said surface treatment agent

comprises an amine providing compound, an epoxy glue or solution, an acid solution

OI’ ammonium acetate.

Claim 3230. (New) The array of claim 3228, wherein said blocking agent comprises

Denhardt's solution.

Claim 3231. (New) The array of claim 3222 or 3223, wherein said direct or indirect

fixation or immobilization to said non-porous solid support is covalent.

Claim 3232. (New) The array of claim 3222 or 3223, wherein said direct or indirect

fixation or immobilization to said non-porous solid support is non—cova|ent.

Claim 3233. (New) The array of claim 3222, wherein said singIe—stranded nucleic

acids. are indirectly fixed or immobilized to said non—porous solid support by sandwich

hybridization or by hybridization to complementary nucleic acid strands.

Claim 3234. (New) The array of claim 3223, wherein one strand of said double-

stranded nucleic acids is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to complementary nucleic acid

strands.
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Claim 3235. (New) The array of claim 3222, wherein said nucleic acids comprise

DNA or RNA.

Claim 3236. (New) The array of claim 3223, wherein said nucleic acids comprise

DNA, RNA, or both.

Claim 3237. (New) The array of claim 3222, wherein said nucleic acids comprise

nucleic acid sequences complementary to nucleic acid sequences of interest sought

to be identified, quantified or sequenced.

Claim 3238. (New) The array of claim 3223, wherein one strand of said double-

stranded nucleic acids comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3239. (New) The array of claim 3223, wherein said nucleic acid sequence of

interest sought to be identified, quantified or sequenced comprises a gene sequence

or pathogen sequence.

Claim 3240. (New) The array of claim 3222, wherein said single-stranded nucleic

acids are unlabeled.

Claim 3241. (New) The array of claim 3222 or 3223, wherein said non-porous solid

support is transparent or translucent.

Claim 3242. (New) The array of claim 3223, wherein said non-radioactive chemical

label is quantifiable in or from a fluid or solution, said quantity being proportional to

the amount or quantity of said label or labels.
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Claim 3243. (New) The array of claim 3223, wherein said non—porous solid support

is transparent or translucent, and said non—radioactive chemical label is quantifiable in

or from a fluid or solution or in or through said non—porous solid support, said quantity

being proportional to the amount or quantity of said label or labels.

Claim 3244. (New) The array of claim 3223, wherein said non-radioactive chemical

label comprises a chromagen or a chromagenic compound, a colored (dye compound,

a fluorogen or a fluorescent compound, a chemiluminescent compound, a chelating

compound, an enzyme or an enzymatic compound, a coenzyme, biotin, iminobiotin, a

hapten or a ligand.

Claim 3245. (New) The array of claim 3223, wherein a non-radioactive signal from

said non—radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.

Claim 3246. (New) A non—porous glass or plastic solid support comprising at least

one single-stranded nucleic acid directly or indirectly fixed or immobilized thereto in

hybridizable form, wherein when said single-stranded nucleic acid is indirectly fixed or

immobilized to said non—porous glass or plastic solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non—porous glass or plastic solid

support.
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Claim 3247. (New) A non-porous glass or plastic solid support comprising at least

one double-stranded nucleic acid directly or indirectly fixed or immobilized thereto,

wherein at least one nucleic acid strand of said double-stranded nucleic acid

comprises at least one non-radioactive chemical label which is quantifiable or

detectable, and wherein when said double-stranded nucleic acid is indirectly fixed or

immobilized to said non-porous glass or plastic solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous glass or plastic solid

support.

Claim 3248. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous glass or plastic solid support comprises a plate, a well

or wells, a microtiter well or microtiter wells, depressions, tubes, cuvettes, beads, or

a set of said plates, wells, depressions, tubes, cuvettes or beads.

Claim 3249. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous solid support comprises more than one surface.

Claim 3250. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, comprising reactive sites or binding sites thereon, wherein said nucleic acid is

fixed or immobilized to one of said reactive sites or binding sites.

Claim 3251 . (New) The non-porous glass or plastic solid support of claim 3250,

wherein said reactive sites or binding sites comprise one or more amines, hydroxyls or

epoxides.

Claim 3252. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous glass or plastic solid support has been treated with a

surface treatment agent, a blocking agent, or both.
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Claim 3253. (New) The non-porous glass or plastic solid support of claim 3252,

wherein said surface treatment agent comprises an amine providing compound, an

epoxy glue or solution, an acid solution or ammonium acetate.

Claim 3254. (New) The non-porous glass or plastic solid support of claim 3252,

wherein said blocking agent comprises Denhardt's solution.

Claim 3255. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said direct or indirect fixation or immobilization to said non-porous

solid support is covalent

Claim 3256. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said direct or indirect fixation or immobilization to said non-porous

solid support is non-covalent.

Claim 3257. (New) The non-porous glass or plastic solid support of claim 3246,

wherein said single-stranded nucleic acid is indirectly fixed or immobilized to said non-

porous glass or plastic solid support by sandwich hybridization or by hybridization to a

complementary nucleic acid strand.

Claim 3258. (New) The non-porous glass or plastic solid support of claim 3247,

wherein one strand of said double-stranded nucleic acid is indirectly fixed or

immobilized to said non-porous glass or plastic solid support by sandwich

hybridization or by hybridization to a complementary nucleic acid strand.

Claim 3259. (New) The non-porous glass or plastic solid support of claim 3246,

wherein said nucleic acid or sequence comprises DNA or RNA.
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Claim 3260. (New) The non-porous glass or plastic solid support of claim 3247,

wherein said nucleic acid or sequence comprises DNA, RNA, or both.

Claim 3261. (New) The non-porous glass or plastic solid support of claim 3246,

wherein said nucleic acid comprises a nucleic acid sequence complementary to a

nucleic acid sequence of interest sought to be identified, quantified or sequenced.

Claim 3262. (New) The non-porous glass or plastic solid support of claim 3247,

wherein one strand of said double—stranded nucleic acid comprises a nucleic acid

sequence of interest sought to be identified, quantified or sequenced.

Claim 3263. (New) The non-porous glass or plastic solid support of ‘claim 3246,

wherein said single-stranded nucleic acid is unlabeled.

Claim 3264. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous glass or plastic solid support is transparent or

translucent.

Claim 3265. (New) The non-porous glass or plastic solid support of claim 3247,

wherein said non-radioactive chemical label is quantifiable in or from a fluid or

solution, said quantity being proportional to the amount or quantity of said label or

labels.
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Claim 3266. (New) The non—porous glass or plastic solid support of claim 3247,

wherein said non-porous glass or plastic solid support is transparent or translucent,

and non-radioactive chemical label is quantifiable in or from a fluid or solution or in or

through said non—porous glass or plastic solid support, said quantity being proportional

to the amount or quantity of said label or labels.

Claim 3267. (New) The non-porous glass or plastic solid support of ‘claim 3246,

comprising more than one single-stranded nucleic acids directly or indirectly fixed or

immobilized in hybridizable form to said non-porous glass or plastic solid support.

Claim 3268. (New) The non—porous glass or plastic solid support of claim 3247,

comprising more than one double-stranded nucleic acids directly or indirectly fixed or

immobilized in hybridizable form to said non-porous glass or plastic solid support.

Claim 3269. (New) A set comprising the non-porous glass or plastic solid supports

of claim 3246.

Claim 3270. (New) A set comprising the non—porous glass or plastic solid supports

of claim 3247.

Claim 3271. (New) A non-porous solid support comprising single-stranded nucleic

acid directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said nucleic acid is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non-porous solid support.
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Claim 3272. (New) A non—porous solid support comprising a single—stranded nucleic

acid directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said nucleic acid is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non—porous solid support.

Claim 3273. (New) A non—porous solid support comprising nucleic acid directly or

indirectly fixed or immobilized thereto in hybridizable form, wherein when said nucleic

acid is indirectly fixed or immobilized to said non—porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3274. (New) A non—porous solid support comprising DNA or RNA directly or

indirectly fixed or immobilized thereto in hybridizable form, wherein when said DNA or

RNA is indirectly fixed or immobilized to said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3275. (New) A non—porous solid support comprising double-stranded nucleic

acid fixed or immobilized thereto, wherein at least one nucleic acid strand of said

doub|e—stranded nucleic acid comprises at least one non-radioactive chemical label

which is quantifiable or detectable, wherein when said nucleic acid is indirectly fixed

or immobilized to said non-porous solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non—porous solid support.
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Claim 3276. (New) A non-porous solid support comprising a double—stranded nucleic

acid fixed or immobilized thereto, wherein at least one nucleic acid strand of said

doub|e—stranded nucleic acid comprises at least one non-radioactive chemical label

which is quantifiable or detectable, wherein when said nucleic acid is indirectly fixed

or immobilized to said non-porous solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3277. (New) The non-porous solid support of claim 3271, 3272, 3273,

3274, 3275, or 3276, wherein said non-porous solid support comprises glass or

plastic.

Claim 3278. (New) The non-porous solid support of claim 3271, 3272, 3273,

3274, 3275, or 3276, wherein said non-porous solid support comprises more than

one surface.

Claim 3279. (New) A system comprising a non-porous solid support and DNA or

RNA directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said DNA or RNA is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non-porous solid support.

Claim 3280. (New) A system comprising a non-porous solid support and nucleic acid

directly or indirectly fixed or immobilized thereto in hybridizable form, wherein when

said nucleic acid is indirectly fixed or immobilized to said non-porous solid support,

said indirect fixation or immobilization is not to a cell fixed in situ to said non-porous

solid support.
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Claim 3281. (New) A system comprising a non—porous solid support and double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non—radioactive

chemical label which is quantifiable or detectable, and wherein when said nucleic acid

is indirectly fixed or immobilized to said non—porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non—porous solid support.

Claim 3282. (New) A system comprising a non—porous solid support anda double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non—radioactive

chemical label which is quantifiable or detectable, and wherein when said nucleic acid

is indirectly fixed or immobilized to said non—porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non—porous solid support.

Claim 3283. (New) The system of claim 3279, 3280, 3281 or 3282, wherein said

non—porous solid support comprises glass or plastic.

Claim 3284. (New) A non—porous solid support comprising nucleic acid directly fixed

or immobilized thereto in hybridizable form.

Claim 3285. (New) A non—porous solid support comprising a nucleic acid directly

fixed or immobilized thereto in hybridizable form.

Claim 3286. (New) A non—porous solid support comprising DNA or RNA directly

fixed or immobilized thereto in hybridizable form.

-X-*-ll-****
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REMARKS

Reconsideration of this application is respectfully requested.

in the complete listing of the claims provided above, the previously pending

claims 2161-3143 have been canceled in favor of new claims 3144-3286.

Accordingly, new claims 3144-3286 are being presented for examination under

merits, and these new claims represent the only set of claims pending in this

application.

Applicants‘ attorney would like to acknowledge with sincere appreciation the

time and courtesy extended by Dr. Ardin H. Marschel at the May 20, 2004 interview

attended by the assignee's representatives, Gene C. Rzudlicho, Esq. and the

undersigned attorney.

I. New Claims

A. Language Directed to Indirect Fixation (in situ)

As just indicated above, new claims 3144-3286 have been added in place of

the former (now canceled) and previously pending claims 2161-3143. In the case of

independent claims, 3144, 3145, 3172, 3173, 3198, 3199, 3222, 3223, 3246,

3247, 3271-3276, and 3279-3282, the end of each claim has been_drafted to recite

"wherein when nucleic acid is indirectly fixed or immobilized to said non—porous solid

support, said indirect fixation or immobilization is not an in situ technique where a cell

or cells are fixed to said non—porous solid support." The foregoing language has been

included in light of the Stuart document (U.S. 4,732,847) provided by the Examiner

at the April 1, 2004 interview, and discussed at the May 20, 2004 interview.

Support for the italicized recitation just given is found in the specification on page 10,

first full paragraph. in the paragraph, Applicants disclose:

In accordance with the practice of this invention, analytes in a

biological sample are preferably denatured into single-stranded form, and

then directly fixed to a suitable solid support. Alternatively, the analyte
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may be directly fixed to the support in double-stranded form, and then

denatured. The present invention also encompasses indirect fixation of

the analyte, such as in Q §i_tt_I techniques where the cell is fixed to the

support and sandwich hybridization techniques where the analyte is

hybridized to a polynucleotide sequence that is fixed to the solid

support. [emphasis added]

The language added to the new independent claims can be tracked to the just—quoted

disclosure (page 10, first full paragraph) as follows:

RECITATION IN NEW INDEPENDENT CLAIMS ABOVE LANGUAGE IN SPECIFICATION (PAGE 10. 1ST 1}

wherein when said nucleic acid is The present invention also encompasses

indirectly fixed or immobilized to said indirect fixation of the analyte . . .

non—porous solid support,

said indirect fixation or immobilization is such as in in flu techniques where the

not to a cell fixed in situ to said non- cell is fixed to the support and sandwich

porous solid support hybridization techniques where the

analyte is fixed to the solid support

 
It should be noted that at the May 20, 2004 interview a close form of the

above recitation was presented to the Examiner in a proposed claim. After some

discussion with the Examiner, the proposed claim was revised at the interview leading

to the present language now recited in the new independent claims above.

B. Reduction in Number of Claims

In drafting and presenting new claims 3144-3286, Applicants are also

seeking to reduce the number of claims in their application. Although the number of

claims has been substantially reduced, the subject matter of the new claims can be

tracked to the former claims 2161-3143. Listed in the table below are some tracking

changes between the two sets of claims.
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Description of Change (if any)

substitution of "at least one" in new claim

3144;

addition of "directly or indirectly" in new

claim 3144;

addition of "in situ'' language in new claim
3144

deletion of "reactive site(s) or binding

site(s) in new claim 3145;

addition of "directly or indirectly" in new

claim 3145;

deletion of "non—radioactive signalling

moiety in new claim 3145;

addition of "in situ" language in new claim

EE
3144 2161   

  

  
 
 

  
3145 2384

 

 
  

3146

3147

3148

3149

3150

2163/2168

2164/2166

2175

2176/2203

2186/2191/2192 "epoxides" in new claim supported by

"coating solution comprises . . . epoxy

glue or solution" in former claim 2191

3151

3152

3153

3154

3155

3156

2178/2194

2179

2195

2197/2200

2198/2201

2202 See also original claim 25 ("said

polynucleotide sequence is hybridized to

a polynucleotide or oligonucleotide

probe")

3157 ibid. ibid.

3158 2204  
3159 2425  
3160 2205  
3161 2426  

22113162 See also original claim 24 ("A non-porous

solid support having directly fixed thereto a

polynucleotide sequence in hybridizable

form"); see also original claim 25

2267

2213

 
3163

3164

Enz—7lPl(C3)

Page 29 of 187



Page 30 of 187

Stavrianopoulos et alg. Pat. Appl. Ser. No. O8/486,07&i|ed June 7, 1995)

Page 29 [Amendment Under 37 C.F.R. §1.116 —- June 30, 2004]

New Claim Description of Change (if any)
3165 2213/2267 
3166 2236/2255 
 
 

   
3167 2265

3168 2271

3169 2492 Note that new claim 3169 recites "more

than one double-stranded nucleic acid" and

former claim 2492 recited "various double-

stranded nucleic acids" '  
 
 deletion of "reactive site(s) or binding

site(s) in new claim

addition of "directly or indirectly" in new
claim

addition of "in situ" language in new claim

2605
2607/2612 

2619

"reactive site(s)~ or binding site(s)" are
recited in former claim 2605

"nucleic acid fixed or immobilized to said

reactive site(s) or binding site(s) also
recited in former claim 2605

"epoxides" in new claim supported by

"coating solution comprises . . . epoxy glue

or solution" in former claim 2633

  
 

  3173

3174

3175

3176

3177

  
  

 
  
 

 

 

  3178 2628/2633/2634

 
  3179

3180

3181

3182

3183

3184

2620/2636

2621

2637

2639/2642

2640/2643

, 2644

  
  
  
 

 
 
 

 

 See also original claim 25 ("said

polynucleotide sequence is hybridized to a

polynucleotide or oligonucleotide probe")

ibid.
2536  
2646 
2537 
—2647

 
 

 
 

 
3185

3186

3187

3188

3189
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New Claim Fotmerclin Description of Change (if any)

3190 2543 See also original claim 24 ("A non-porous

solid support having directly fixed thereto a

polynucleotide sequence in hybridizable

form"); see also original claim 25

3191 2599  
3192 2655  
3193 2599/2655 
 
 

   
 

 

 

  

  
  
  

 

  
 

  
  

 
 
 

3194 2678/2685

 

3195 2707

site(s) in new claim

3199 2825 deletion of "reactive site(s) or binding

site(s) in new claim 3198

addition of "directly or indirectly" in new
claim

addition of "in situ" language in new claim

3203 2715/2825 "reactive site(s) or binding site(s)" are
recited in former claims 2715/2825

"nucleic acid fixed or immobilized to said

reactive site(s) or binding site(s) also

recited in former claims 2715/2825

3196 2603 Note that new claim 3196 recites "more

than one single-stranded nucleic acid" and

former claim 2603 recited "various single-
stranded nucleic acids"

addition of "directly or indirectly" in new

3200 2717/2722

3204 2739/2744/2745 "epoxides" in new claim supported by

3197 2713 Note that new claim 3197 recites "more

than one double-stranded nucleic acid" and

former claim 2713 recited "various double-

stranded nucleic acids"

3198 2715 deletion of "reactive site(s) or binding

claim

addition of "in situ" language in new claim

3201 2718/2721T
3202 2729  

coating solution comprises . . . epoxy glue
or solution" in former claim 2744

3205 2731/2747

3206 2732  
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Description of Change (if any)
3207 2748  
3208 2750/2753 
3209 2751/2754 
3210 2755 See also original claim 24 ("A non-porous

solid support having directly fixed thereto a

polynucleotide sequence in hybridizable

form"); see also original claim 25

3211 2864
3212 2757 
3213 2866  
 
 

  

 
3214 2758

3215 2867

3216 2764 See also original claim 24 ("A non-porous

solid support having directly fixed thereto a

polynucleotide sequence in hybridizable

form"); see also original claim 25
  

  change from "nucleic strands or sequences
thereof" in former claim 2933 to

"sing|e—stranded nucleic acids"

addition of "directly or indirectly" in new
claim

addition of "in situ'' language in new claim

2933/2969
2935/2938 
2936/29375

2943 
2948/2949/2953 "epoxides" in new claim supported by

"coating solution comprises . . . epoxy glue
or solution" in former claim 2953

 3223

3224

3225

3226

3227

  
  
  
  

 
  
 

3228

3229

3230

3231

3232

2944/2954

2945

2955

2957/2960

2958/2961
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F°"“°'°“""

3233 296

Description of Change (if any)

See also original claim 24 ("A non—porous

solid support having directly fixed thereto a

polynucleotide sequence inhybridizable

form"); see also original claim 25 

 

 
  
  

  

3243 2972/3026

3244 Q3018/2995

3245 3024

3246 3030 addition of "non-porous" in new claim

3246

addition of "directly or indirectly" in new

_ claim

addition of "in situ" language in new claim

 
 
 

3251 3054/3059/3060 "epoxides" in new claim supported by

"coating solution comprises . . . epoxy glue
or solution" in former claim 3059

3252 3046/3062 
3253 3047  
3254 3063  

 

 
 

3255 3065/3068

3256 3066/3069
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Formercfin Description of Change (if any)

3257 307 See also original claim 24 ("A non—porous

solid support having directly fixed thereto a

polynucleotide sequence in hybridizable

form"); see also original claim 25 

deletion of "a" before "nucleic acid" in new
claim 3271

addition of "in situ" language in new claim

deletion of "at least one" in new claim

3272

addition of "in situ" language in new claim

deletion of "at least one" in new claim

3272

addition of "in situ" language in new claim

deletion of "at least one" in new claim

3274

addition of "DNA or RNA" in new claim

3274

addition of "in situ" language in new claim

deletion of "reactive site(s) or binding

site(s) in new claim 3275

addition of "in situ" language in new claim
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Fumerchn Description of Change (if any)
3276 2384 deletion of "at least one" in new claim

3276

deletion of "reactive site(s) or binding
site(s) in new claim 3276

addition of "in situ" language in new claim

3277 2163/2168 
3278 2175   

 

 

  

 
 

 

 
  
  

 

  
 

 
 

  
 

 

3279 2494 deletion of "reactive site(s) or binding

site(s) in new claim 3279

addition of "DNA or RNA" in new claim

3279

addition of "in situ" language in new claim

3280 2494 deletion of "reactive site(s) or binding

I_ site(s) in new claim 3280
addition of "in situ" language in new claim

3282 2605 deletion of "reactive site(s) or binding

site(s) in new claim 3282

3282

 

3284

addition of "directly" in new claim 3284.

3285 2161

addition of "directly" in new claim 3285 

  
  

3281 2605 deletion of "reactive site(s) or binding

sitelsl in new claim 3281

addition of "in situ" language in new claim
3281

addition of "in situ" language in new claim

3284 2161 deletion of "a single-stranded" in new claim

deletion of "a single-stranded" in new claim

deletion of "a single-stranded nucleic acid"

 
in new claim 3284

addition of "directly" in new claim 3285
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C. Defining Glass or Plastic Solid Support as "Non-Porous"

The instant Office Action (page 4, last paragraph) indicated that:

. . Several citations as filed are directed to glass or plastic solid

supports but none of them support instant claim 3030.

Additionally, these solid supports are disclosed as being non—porous but

such a non—porous limitation is lacking in claim 3030. It is noted that

glass and plastic are well known to be optionally porous as well as non-

porous, if desired."

In acknowledging the Examiner's position on this point, Applicants have

presented new claims 3246-3270 above, including independent claims 3246 and

3247. Both of these claims recite "[a] non—porous glass or plastic solid support

comprising at least one nucleic acid directly or indirectly fixed or immobilized thereto,

. ." Support for the insertion of the term "non-porous" before ''glass or plastic solid

support" is found throughout the specification, including, for example, page 10, lines

18-19 ("it is preferred that the solid support to which the analyte is fixed be non-

-porous and transparent, such as glass, or alternatively, plastic, . . .:); and page 15,

lines 8-10 ("Specifically referred to therein are methods for fixing the analyte to a

non—porous solid support, . . ."); see also original claim 5 ("characterized in that solid

support is non—porous") and original claim 24 ("A non—porous solid support having

directly fixed thereto a polynucleotide sequence in hybridizable form").

D. Replacement of Parenthetical "(s)" To Describe

Reactive/Binding Sites Or Plates

Although not rejected in the instant Office Action, Applicants have eliminated

in several instances the parenthetical "(s)" that were used to describe the "reactive
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sites or binding sites" or the "plates" recited in the former and now canceled claims.‘

Thus, the new claims 3144-3286 lack any such notation. ltis believed that the lack

of the parenthetical "(s)"s in the new claims renders the language clearer by

describing more precisely the various recited elements.

E. Language in Other New Claims Recite "Directly Fixed or Immobilized" in

Distinction to in situ Hybridization

Other new claims 3284-3286 recite that "nucleic acid," "a nucleic acid," or

"DNA or RNA" are directly fixed or immobilized thereto in hybridizable form.

Applicants note that direct fixation or immobilization of nucleic acid to a non-porous

solid support is distinguished from indirect fixation, such as in situ hybridization.

See discussion above in I. New Claims A. Language Directed to Indirect Fixation (in

situ), pages 26-27. See also the first full paragraph on page 10 in the

specification.

The above amendments to the claims are necessary and should be entered. As

explained above, with respect to new independent claims, the amendments regarding

in situ as an indirect fixation are made in response to the document, Stuart et al. (US

4,732,847) that the Examiner provided to Applicants’ representatives at the April 1,

2004 interview. With respect to the other new claims, 3246-3270, "non-porous" is

used to describe the glass or plastic solid support, largely in response to a point

newly raised in the new matter rejection set forth in the instant April 7, 2004 Office

Action. With respect to the removal of the parenthetical "(s)" notation in the claims,

‘ The former claims containing the parenthetical "(sl" included 2176, 2177, 2186, 2190. 2192,

2203, 2273, 2288, 2297, 2301, 2303, 2314, 2384, 2394, 2407, 2494, 2504, 2509, 2522,

2524, 2535, 2605, 2609, 2615, 2628, 2632, 2715, 2725, 2730, 2739, 2743, 2745. 2756.

2825, 2852, 2854, 2933, 2843, 2949, 2952, 3044-3045, 3054, 3058, 3060 and 3071.
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these amendments probably have no affect on the patentability of the claims, and

they are offered merely for the sake of clarity and readability. No new issues are

believed to be raised by the above claim amendments, nor do the amendments

require further consideration and/or search. Furthermore, the above claim

amendments do not raise any issue of new matter. Lastly, the amendments will

place the application in better form for appeal by materially reducing or simplifying the

issues for appeal.

Entry of the new claims 3144-3286 is respectfully requested.

II. New Matter Reiection

Claims 2161-3143 stand rejected under 35 U.S.C. §112, first paragraph, as

allegedly failing to comply with the written description requirement. On pages 2-3,

the April 7, 2004 Office Action states:

Consideration of the entirety of the instant application as filed has

revealed that several citations therein are directed to non-porous solid

supports with nucleic acids. [1] These citations as discussed below do

not give written basis for the generic non-porous solid support

embodiments as instantly claimed wherein nucleic acids are fixed or

immobilized in hybridizable form. [2] A citation of non-porous solid

support is present on page 10, lines 17-22, wherein the non-porous

solid supports are also required to be transparent and also only fixation

is cited thereto, rather than immobilization also as instantly claimed. [3]

On page 14, lines 26-29, a non-porous solid support is cited but only

with a directly fixed polynucleotide in hybridizable form again not

supporting the newly submitted claims. [4] On page 15, lines 13-15,

non-porous supports are also required to be translucent or transparent.

[5] On page 22, last 4 lines, the non-porous solid supports are limited to

being siliceous and also provided with a treatment of a coating of epoxy

resin. [6] On page 23, lines 12-16 the non-porous solid support is
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limited via direct fixation of a polynucleotide. [7] In claim 5 as originally

filed in dependence from claim 1 causes the embodiments therein to be

limited to fixed polynucleotides to a non-porous support without

additionally an immobilization option. [8] This is the same set of

limitations present in claim 24 as originally filed. [9] No other non-

porous embodiments have been founds ad filed to support the broad

generic embodiments wherein a generic non-porous support is either

fixed (no direct limitation, for example) to a nucleic acid. This rejection

is necessitated by amendment.

[10] Additionally, certain claims such as claim 2494 and many

others cite reactive sites or binding sites on the non-porous solid support

embodiments. [11] Consideration of the entirety of the instant

disclosure as filed has failed to reveal such generic reactive or binding

sites disclosure. [12] It is noted that certain chemical treatments of

solid supports are disclosed, however, reactions supported by these

treatments are covalent in nature and not generic without any covalent

limitation. [13] Additionally, the only binding practice separate from

reactive covalent attachment practice as filed is that of hybridization

between nucleic acid polymers. These limitations therefore are NEW

MATTER as being broader and more generic than suchsites as disclosed

as originally filed. This rejection is necessitated by amendment.

At the end of page 3 and continuing through the first full paragraph on page 5, the

Office Action goes on to state further:

I [14] Consideration of array claim 2715 reveals that it is directed

to a generic non-porous solid support with various sing|e—stranded

nucleic acids or sequences fixed or immobilized thereto. [15] Reiterated

consideration of the entirety of the instant disclosure reveals that the

practice of "various denatured ana|ytes" with a solid support is disclosed
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only on page 16, lines 9-14, as being present for example in an array of

depressions or wells. [16] A generic solid support is not disclosed as

filed nor a non—porous generic support of this type with "various single-

stranded nucleic acids or sequences" as now present in claim 2715 and

others via dependence, such as claim 2825 and claims dependent

therefrom. [17] Review of instant claim 2933 directed to wells or

depressions with said "various..." limitations reveals that the nucleic

acid strands or sequences are either fixed or immobilized whereas in

contrast said page 16 citation only cites fixation practice. Thus claims

2933 also contains NEW MATTER for this reason. This rejection is

necessitated by amendment which set forth such "various..."

limitations.

[18] NEW MATTER has also been added in newly submitted

claims via independent claim 3030. Several citations as filed are

directed to glass or plastic solid supports but none of them support

instant claim 3030. [19] For example, on page 10, lines 17-22, glass or

plastic solid supports are set forth but only with fixed, and not

immobilized nucleic acids or sequences. [20] Additionally, these solid

supports are disclosed as being non-porous but such a non-porous

limitation is lacking in claim 3030. [21] It is noted that glass and plastic

are well known to be optionally porous as well as non-porous, if desired.

[22] On page 15, lines 16-20, glass is cited as being only "fixed" to a

denatured single-stranded "DNA" sequences which again fails to support

instant claim 3030 as to written basis. [23] Glass plates are cited on

page 16, lines 8-14, but limited to containing well or depressions and

lacking in generic support of instant claim 3030. [24] On pages 16-17

Example 2 cites a glass surface but it is specifically treated and in the

form of glass tubes. [25] In Example 3 again the glass is specifically
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treated with DNA immobilized. [26] In Example 5 on pages 20-21 a

probe is immobilizes to a non—porous plastic surface. Claim 3030 lacks

any non—porous limitation. [27] On page 22, line 1, DDA-coated

polystyrene is cited but this also is not supportive of the generic instant

claim 3030. [28] In Example 7a microtiter well is cited but only with

polynucleotide fixation thereto again not supportive of instant claim

3030. [29] Original claim 7 cites glass or plastic, however, this claim

depends from claim 5 which also has a non—porous limitation which is

not present in instant claim 3030. This rejection is necessitated by

amendment.

Applicants argue the previously set forth rejections, however, are

deemed moot due to new rejections as set forth above as necessitated

by amendment.

Lastly, beginning with the last paragraph on page 5 and continuing through the first

two lines on page 6, the Office Action states:

[30] The.Dec|aration of Dr. Dollie M. W. Kirtikar has been

considered. [31] It describes experimental data and embodiments which

are apparently separate from the instant disclosure as filed. This

rejection is based on a lack of written description of specific claim

limitations as filed. [32] The additional information of experiments

performed by Dr. Kirtikar are non—persuasive as these were not disclosed

as filed and therefore fail to remedy the lack of written basis for

limitations of the instant claims. [33] For specific example, item #7 of

the Declaration describes Exhibits, none of which are set forth in the

instant application. [34] Within these exhibits the first Exhibit 2

indicates the usage or preprinted slides including with slots. No such

slotted slides have been pointed to as being instantly disclosed as filed

and therefore fails to be persuasive. [35] It is appreciated that the
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experimental material cited in said Declaration is consistent with the

instant application, however, this lacks persuasiveness as only the

written description as filed must be relied on for the purposes of this

rejection.

The new matter rejection is respectfully traversed.

ll. Response to New Matter Rejection

in order to insure that each and every point is fully addressed, Applicants’

attorney has inserted bold bracketed numbers before each of the points set forth in

the new matter rejection above. The remarks and information below are directed to

each of the 35 bold bracketed numbers referenced in the Office Action rejection.

Furthermore, a review of the Office Action strongly suggests that the principal issues

raised in the new matter rejection can be grouped as follows:

A. fixation/immobilization Points [1] through [9]

B. reactive sites/binding sites Points [10] through [13]

C. various nucleic acids Points [14] through [17]

D. non—porous glass/plastic Points [18] through [29]

E. Dr. Kirtikar's submission Points [30] through [35]

A. Fixation/Immobilization

[1] In the context of their invention, Applicants use the terms "fixed" and

"immobilized" synonymously and equivalently throughout the specification, the

originally filed claims and the abstract. No distinction or difference is ever made in

the specification between these‘ two terms with respect to the fixation or

immobilization of nucleic acids to a non-porous solid support.

To begin with, the term "fixed" and its variants are disclosed no less than 26

times in the specification:
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26 Citations in the S ecification for "Fixed" and Variants 

1.

S°9°.“9’.‘’''P5*’!‘’
10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 10, lines 4-5 ("fixed in hybridizable form to a solid support");

Page 10, line 9 ("directly fixed");

Page 10, line 10 ("directly fixed");

Page 10, line 13 ("indirect fixation");

Page 10, lines 16-17 ("po|ynucleotide sequence that is fixed to the solid

support");

Page 10, lines 18-19 ("the solid support to which the analyte is fixed");

Page 10, line 27 ("easily fixed to the solid support");

Page 10, line 28 ("to easily fix the analyte to a transparent substrate");

Page 10, line 33 ("fixed single—stranded analytes");

Page 13, line 1 ("the fixed probe-analyte hybrid");

Page 14, lines 2-3 ("the solid support to which the analyte is fixed");

Page 14, lines 28-29 ("a non—porous solid support to which a polynucleotide is

directly fixed in hybridizable form.");

Page 14, line 30 ("fixed sequence");

Page 15, lines 9-10 ("fixing the analyte to a non—porous solid support");

Page 15, lines 16-17 ("To effect easy fixing of a denatured single—stranded

DNA sequence to a glass support, one exemplary "fixing");

Page 16, lines 12-13 ("the single—stranded analytes being fixed to the

surfaces");

Page 20, lines 25-26 ("the adherence or fixing of DNA to a polystyrene surface

is improved by treating the surface"); I

Page 20, lines 32-33 ("the fixing or uniformity of the plastic surface for fixing

DNA");

Page 20, lines 35-36 ("the fixing of DNA to a plastic surface");

Page 21, lines 30-31 ("enabling fixation of single—stranded analyte to a solid

support");

Enz—7lP)(C3)

Page 43 of187



Page 44 of 187

Stavrianopoulos et a|.,QS. Pat. Appl. Ser. No. 08/486,070 (Filed June 7, 1995)

Page 43 [Amendment Under 37 C.F.R. §1.116 -- June 30, 2004]

21.

22.

23.

24.

25.

26.

Page 22, lines 34-36 ("for fixing or immobilization of DNA to non-porous

siliceous solid supports");

Page 23, lines 14-16 ("fixing the polynucleotide analyte sequence directly to a

non-porous solid support"); '

Page 23, lines 30-31 ("Sing|e-stranded analyte DNA is now fixed to the wells")

Page 23, lines 32-33 ("fix the analyte DNA to the well");

Page 24, line 13 ("To hybridize the fixed analyte with a probe,"); and

Page 25, lines 4-5 ("Detection of the fixed hybridized analyte-probe").

Likewise, as set forth below, the term "immobilized" and its related term

"immobilization" are disclosed several times in the specification. Set forth below are

citations in the specification for "immobilized" (total of 7 instances) and

"immobilization" (1 instance):

8 Citations in the Specification for "immobilized" and "immobilization"

1.

2.

3.

and

Page 14, lines 1 1-12 ("an immobilized polynucleotide sequence");

Page 15, line 14 ("ana|yte is immobilized on a solid support"); —

Page 16, lines 1-2 ("suitable for immobilizing or fixing any negatively charged

polyelectrolytes");

Page 18, lines 23-25 ("the analyte, phage lambda DNA, was immobilized on an

activated glass surface");

Page 20, lines 18-19 ("when the probe is immobilized on a non-porous plastic

surface");

Page 21, lines 19-21 ("several biotinylated probes, B-adeno-2-DNA and lambda

DNA were hybridized to the immobilized DNA");

Page 21, lines 21-22 ("To one set of immobilized DNA, no probe was added");

Page 22, lines 34-36 ("for fixing or immobilization of DNA to non-porous

siliceous solid supports").
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Even more significantly, the very phrases, "immobilizing or fixing" and "fixing

or immobilization" are disclosed in two separate instances in the specification.

2 Citations in the S ecification where the Phrases "immobilizin or fixin " and "fixin 

or immobilization" are recited

1. Page 16, lines 1-2 ("suitable for immobilizing or fixing any negatively charged

po|ye|ectro|ytes"); and

2. Page 22, lines 34-36 ("for fixing or immobilization of DNA to non-porous

siliceous solid supports").

Example 5 found on pages 20 and 21 in the specification is also telling on this

issue. For instance, Example 5 begins with the sentence "The advantages of the

practices of this invention are also obtainable when the probe is immobilized on a

non-porous plastic surface (emphasis added)." The very next sentence explains that

. . it is sometimes desirable to increase the effectiveness or uniformity of the

fixation by pretreating the plastic surface (emphasis added)."

The second paragraph in Example 5 then refers to "binding" in the same

context as "fixing":

Because polystyrene from various batches or sources exhibits

different binding capacities, the adherence or fixing of DNA to a

polystyrene surface is improved by treating the surface with an amino-

substituted hydrophobic polymer or material. Previous experiments

demonstrated that addition of dodecadiamine (DDA) to polystyrene

resulted in a uniform binding coefficient of polystyrene plates of different

batches. Another technique for improving the fixing or uniformity of the y

plastic surface for fixing DNA involves treatment of the surface with

polylysine (PPL).

The third paragraph in Example 5 also refers to "fixing" and "bound":
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In tests involving the fixing of DNA to a plastic surface,

biotinylated DNA (b-DNA) was denatured and aliquoted into Dynatech

Immulon IITM removeable wells. Samples were allowed to dry onto the

plastic surface at 37°C. The amount of bound b-DNA was

determined . . .

The fourth paragraph in Example 5 then uses interchangeably "bound" and

"immobilized":

In a further example of the method, denatured adenovirus 2 DNA,

the analyte, was bound to polystyrene plates, as described above. After

blocking with Denhardt's formamide blocking buffer, several biotinylated

probes, B-adeno-2—DNA and lambda DNA were hybridized to the

immobilized DNA. . .

Thus, in Example 5, it is clear that through the use of "binding" and "bound,"

Applicants used the terms "fix" and "fixing," and "immobilize" and "immobilization"

synonymously in describing their invention and its embodiments.

Beyond the numerous citations listed above, the terms "fixing" and "fixed" are recited

in four originally filed claims (1, 9, 10 and 24):

4 Originally Filed Claims Recite "Fixing," "Fixation" and "Fixed"

1. Original claim 1 ("fixing said polynucleotide sequence to a solid support in

hybridizable form");

2. Original claim 9 ("said polynucleotide sequence is directly fixed to said solid

support");

3. Original claim 10 ("said polynucleotide sequence is fixed to said solid support

in single stranded form"); and

4. Original claim 24 ("A non—porous solid support having directly fixed thereto a

polynucleotide sequence in hybridizable form").
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The term "immobilized" is also disclosed in two originally filed claims (20 and 23):

2 Ori inall Filed Claims Recite "|mmobilized" 

1. Original claim 20 ("(i) an immobilized polynucleotide sequence hybridized to a

polynucleotide or oligonucleotide probe,"); and

2. Original claim 23 ("(i) an immobilized polynucleotide sequence hybridized to a

polynucleotide or oligonucleotide probe,").

The term "fixing" is also disclosed in the originally filed abstract.

The Original Abstract Recites "Fixing"

Polynucleotide sequences in a sample of biological or nonbiological

material are detected by a method involving fixing of the sequences on a

solid support . . .

The terms "fixing," "fixation" and "fixed" are also recited in various issued claims in

U.S. Patent No. 4,994,373.

U.S. Patent No. 4,994,373 Recites Three Variations of "Fix"

Claim 1 ("fixing said polynucleotide sequence")

Claim 17 ("said polynucleotide sequence fixed thereto in hybridizable form")

Claim 20 ("to facilitate fixing of the polynucleotide sequence"

Claim 21 ("to facilitate fixation of the polynucleotide sequence")

Claim 22 ("to facilitate fixation of the polynucleotide sequence")

Claim 23 ("said polynucleotide sequence is fixed . . " 4

Claim 24 ("said polynucleotide sequence in double-stranded form is denature and

fixed")

Claim 26 ("a cell or cellular material is directly fixed to said solid support, and

polynucleotide sequences within said material are hybridized to

polynucleotide or oligonucleotide probes in situ")
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Because the specification makes no distinction between "fixing" and

"immobilizing" or between "fixed" and "immobilized," it follows that to limit the

claims to "fixing" and "fixed" is forcing an unwarranted interpretation of these terms

that is neither disclosed nor supported in the disclosure, or even in the art of record.

More importantly, the claimed "generic" solid support wherein nucleic acids are fixed

or immobilized in hybridizable form is disclosed in at least two instances in the

specification: page 14, lines 27-29 ("the present invention provides for the novel

product of a non-porous solid support to which a polynucleotide is directly fixed in

hybridizable form"); and original claim 24 ("A non-porous solid support having directly

fixed thereto a polynucleotide sequence in hybridizable form").

Furthermore, it should not be overlooked that the phrase "fixed or immobilized"

has also been used in the scientific and patent literature to describe the attachment of

nucleic acids, polynucleotides and nucleic acid sequences to solid support.

The Scientific Literature Makes No Distinction Between "Fixed" and "lmmobilized"

1 . In a section of Nucleic Acid Hybridization Essential Technigues [edited by J.

Ross, John Wiley & Sons, Chichester, 1998]‘, B. M. Harvey discloses: 9

Introduction

Filter hybridization involves immobilizing single—stranded target DNA or

RNA on a membrane and then incubating the membrane with a probe

for the nucleic acid of interest [1]. Filter hybridization is used primarily

to detect gel-fractionated nucleic acids following membrane transfer.

Transfers of gel-fractionated DNA or RNA are referred to as Southern or

northern blots, respectively [2-4].

After gel electrophoresis and transfer, the nucleic acid is "fixed" or

immobilized by heating the membrane or exposing it to UV light. The

nature of probe—membrane binding is incompletely understood but is
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believed to be hydrophobic. The hybridization process itself is divided

into three steps: pre-hybridization, hybridization, and stringency

washing. In pre-hybridization, the blot is incubated with a solution

designed to ‘'block'' non-specific binding of the probe to the membrane.

The same buffer is often used also for step two. No probe is present,

during step one. In step two the membrane is incubated with single-

stranded probe in a hybridization buffer. The membrane-bound target

cannot anneal with itself but will hybridize to the probe. Step three is a

washing procedure designed to remove unhybridized probe and unstable

(poorly matched) hybrids from the membrane. Adequate washing under

the most stringent conditions possible lowers background.

Guidelines on how to choose a membrane, optimize target-to-membrane

transfer, and fix the membrane are outlined below. No single set of

conditions or criteria is optimal for all membranes, targets, and probes.

The protocols are guidelines applicable for most experiments, but you

should consult Chapter 1 for additional information when

troubleshooting is required.’

2. In the abstract to a recent article by Taylor et al. ["|mpact of surface chemistry

and blocking strategies on DNA microarrays," ‘Nucleic Acids Research, Vol. 31, No.

16 e87 (2003)], the authors disclose:

ABSTRACT

The surfaces and immobilization chemistries of DNA microarrays are the

foundation for high quality gene expression data. Four surface

modification chemistries, po|y—L—lysine (PLL), 3-g|ycidoxypropy|-

2 Copy attached as Exhibit A.
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trimethoxysilane (GPS), DAB—AM—po|y(propyleminime hexadecaamine)

dendrimer (DAB) and 3-aminopropyltrimethoxysilane (APS), were

evaluated using cDNA and oligonucleotide sub—arrays. Two un—si|anized

glass surfaces, RCA-cleaned and immersed in Tris-EDTA buffer were

also studied. DNA on amine-modified surfaces was fixed by UV light

(90 mJ/cm2), while DNA on GPS—modified surfaces was immobilized by

covalent coupling.3

3. In the abstract to a 2001 article ["DNA microarray synthesis by using PDMS

molecular stamp (ll) — Oligonucleotide on-chip synthesis using PDMS stamp," Science

in China Series B (Chemistry), Vol. 44, no. 4], Xiao et al. also use the terms "fixed"

and "immobilized" interchangeably to describe the attachment of an array of

oligonucleotides to glass slides:

Route B was a contact detritylation, in which one nucleoside was fixed

on the desired synthesis regions where dimethyloxytrityl (DMT)

protecting groups on the 5'-hydroxyl of the support-bound nucleoside

were removed by stamping trichloroacaetic acid (TCA) distributed on

features on a PDMS stamp. Experiments showed that the synthetic

yield and the reaction speed of route A were higher than those of route

B. It was shown that 20 mer oligonucleotide arrays immobilized on the

glass slide were successfully synthesized using the PDMS stamps, and

the coupling efficiency showed no difference between the PDMA

stamping and the conventional synthesis methods.‘

4. In their 2000 article ["Position-specific release of DNA from a chip by using

photothermal denaturation," Sensors and Actuators B, Vol. 64, Issues 1-3, pages 88-

3 Copy attached as Exhibit B.

‘ Copy attached as Exhibit C.
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94], Okano et al. also use the terms "fixed" and "immobilized" interchangeably in the

context of DNA chips:

A photochemical method to recover specific DNA fragments fixed

in place on a DNA chip is described. This method uses infrared (IR) laser

irradiation to thermally denature and release specific DNA immobilized in

a specific area of a chip. A 1053-nm IR laser beam with an intensity of

10-100 mW is focussed on the target area at a resolution of 10 m, and

the DNA fragments containing different numbers of base pairs (231-799

bp) fixed in place on the DNA chip can be separately recovered. There

are enough quantities of recovered DNA fragments that can be amplified

by using polymerase chain reaction (PCR). The photothermal method

coupled with the DNA chip can therefore be used in highly sensitive

purification of DNA and will have many applications in the DNA chip

technology.5

At Least One Issued U.S. Patent Also Uses the Terms "Fixed" and "lmmobilized"

lnterchangeably

Claims have issued reciting "fixed or immobilized" without any distinction:

In commonly owned and assigned Engelhardt et al., U.S. 6,221,581 B1 (April 24,

2001), claim 1 recites:

A process for detecting a nucleic acid of interest comprising the

steps of:

. . . wherein when said capturing or collecting is carried out with an

oligo- or polynucleotide fixed or immobilized to a solid support, said

oligo- or polynucleotide is substantially incapable of hybridizing with said

nucleic acid of interest or portion thereof.

Claim 30 in Engelhardt's '581 Patent also recites:

5 Copy attached as Exhibit D.
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A process for detecting a nucleic acid of interest comprising the steps

of:

. . wherein when said capturing or collecting is carried out with an

oligo- or polynucleotide fixed or immobilized to a solid support, said

oligo- or polynucleotide is substantially incapable of hybridizing with said

nucleic acid of interest or portion thereof.“

Thus, it is very clear that the instantly recited "fixed or immobilized" language is fully

supported in Applicants‘ disclosure as synonymous or equivalent meaning.

[2] That the solid support can be transparent (or translucent) is a preferred

embodiment disclosed as such in at least two instances in the specification. See for

example, the same cited page 10, lines 18-20 ("it is preferred that the solid support

to which the analyte is fixed be non-porous and transparent,"). See also page 14,

line 34 ("the support is preferably transparent or translucent"). See also page 15,

lines 13-15 ("an analyte is immobilized on a solid support, preferably a non-porous

translucent or transparent support"). Transparency or translucency is not an essential

feature of the non-porous solid support in Applicants‘ claimed invention.

As explained above, fixation is used synonymously with immobilization. In particular,

see page 14, lines 27-29 ("the present invention provides for the novel product of a

non-porous solid support to which a polynucleotide is directly fixed in hybridizable

form"). Even on the same aforementioned page and paragraph, the term

"immobilized" is used twice to describe the attachment of the polynucleotide

sequence. See also page 14, lines 12-14 ("a device that "contains an immobilized

polynucleotide sequence hybridized to a polynucleotide or oligonucleotide probe");

and page 14, lines 23-25 ("at least one such device contains the above-described

immobilized polynucleotide sequence, polynucleotide or oligonucleotide probe").

6 Copy attached as Exhibit E.
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[3] Direct fixation to a non—porous solid support of a polynucleotide in hybridizable

form is not the only "fixation" disclosed in the original specification. As set forth in

Chart 7 dated 12/3/02 which was submitted in a December 31, 2002

Communication, three different reactive groups or bindings sites are disclosed in the

specification and they include amines, epoxides and hydroxyls. These reactive

groups or binding sites follow from the various treatments of plastic and glass

described in Applicants‘ examples and set forth in Chart 8, also dated 12/3/02.

Altogether, there are seven treatments listed in Chart 8, of which three treatments

are used for plastic, two are used for glass, and two are used for both plastic and

glass.

In further detail, dodecadiamine (DDA) is disclosed in Examples 5 and 6 for

treating plastic. Plastic treated with polylysine (PPL) and amino—derivatized (6-

aminohexane linked) are described in Examples 5 and 6, respectively; Epoxy glue or

solution is disclosed in Example 6 for treating glass and plastic. Likewise, ammonium

acetate is disclosed in Example 7 as a treatment for glass and plastic. For glass

treatment, y—aminopropyltriethoxysilane and coating solution are disclosed in

Examples 1 and 3, respectively. These seven disclosed examples (Chart 8) for

treating the non-porous solid support produce the three different reactive groups or

binding sites (Chart 7) used for attaching nucleic acids thereto.

One need only look to Applicants‘ originally filed claims, moreover, to readily

understand that direct fixation is but one of the embodiments of their claimed

invention. Dependent from original claim 1, original claim 9 recites that "said

polynucleotide sequence is directly fixed to said solid support [of claim 1]."

[4] As explained above in [2], transparency or translucency is not an essential

feature of the non—porous solid support in Applicants’ claimed invention. The citation

in the Office Action referring to page 14, lines 26-29, is but one of several instances
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where the non-porous solid support is preferably transparent or translucent. See page

10, lines 18-20 ("it is preferred that the solid support to which the analyte is fixed be

non-porous and transparent,"); page 14, line 34 ("the support is preferably

transparent or translucent"); and page 15, lines 13-15 ("an analyte is immobilized on

a solid support, preferably a non-porous translucent or transparent support"). That

the non-porous solid support is preferably translucent or transparent is also seen in

originally filed claims 6 and 26, both of which recite that the [solid] support is

"transparent or translucent. "

[5] This citation (page 22, last 4 lines) is part of Example 6 that begins on the

preceding page. As such, the siliceous nature of the solid support and the treatment

with an epoxy coating represent preferred embodiments. In fact, just beyond the last

_ four lines on page 22, Applicants disclose "For example, treatment of glass or

polystyrene surfaces with commercially available epoxy glues, such as a solution of

epoxy glue in ethanol [1 percent wlv] serves this purpose." Page 15, lines 6-8 also

makes it clear that "[t]he following examples are illustrative of preferred embodiments

of the method of the present invention").

[6] Again, as explained in [3] above, direct fixation of a polynucleotide to a non-

porous solid support is but one of the embodiments of Applicants‘ claimed inventon.

See [3] above, citing Examples 1, 3, 5, 6 and 7, and further citing original claim 9. In

addition, this citation (pages 23, lines 12-16) is a preferred embodiment that is part of

yet another example (in this case, Example 7). The full and complete quotation from

the specification (page 23, lines 12-16) is as follows: "Yet another example of the

method of the present invention, including fixing the polynucleotide analyte sequence

directly to a non-porous solid support, such as a conventional microtiter well, ").
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[7] Applicants are somewhat unclear regarding the relationship between claim 5 as

originally filed and the issue of immobilization versus fixation in their claimed

invention. As explained earlier (see [1] above), "fixation" and "immobilization" are

synonymous terms with no distinction or difference in meaning. See the several lists

of citations provided in [1]. See in particular, page 16, lines 1-2 ("suitable for

immobilizing or fixing any negatively charged po|ye|ectro|ytes"); and page 22, lines

‘ 34-36 ("for fixing or immobilizationvof DNA to non—porous siliceous solid supports"),

where the terms are used interchangeably in the same phrase or sentence.

Furthermore, as explained in [3] and [6] above, Applicants‘ claimed invention is not at

all limited to the direct fixation of polynucleotides and polynucleotide sequences to a

non-porous solid support. As explained above, direct fixation is an embodiment of

Applicants‘ claimed invention, and it was originally disclosed as just such an

embodiment. Thus, the fact that original claim 5 recites that the method according to

claim 1 is "characterized in that said solid support is non—porous" does not negate

Applicants’ use in their specification of "fixation" and "immobilization" as

synonymous terms with no clear distinction or difference in meaning. Furthermore,

the language recited in claim 5 comports with the language in the specification,

namely, that the solid support is preferably "non—porous. See for example, page 10,

lines 18-20 ("it is preferred that the solid support to which the analyte is fixed be

non-porous and transparent,"); and also page 15, lines 13-15 ("an analyte is

immobilized on a solid support, preferably a non-porous translucent or transparent

support").

[8] Likewise, in the case of claim 24 as originally filed, this language does not limit

Applicants’ claimed invention at with respect to the fixation or immobilization of

nucleic acids or polynucleotide sequences to a non-porous solid support. Original

claim 24 broadly recites "[a] non—porous solid support having directly fixed thereto a

polynucleotide sequence in hybridizable form." For reasons given above in [1], [3] [6]
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and [7], Applicants use the terms "fixation" and "immobilization" synonymously, and

direct fixation is merely one of the embodiments whereby Applicants disclose nucleic

acids and polynucleotide sequences being fixed or immobilized to a non—porous solid

support.

[9] As explained in [1], [3] [6], [7] and [8] above, Applicants‘ disclosure broadly

supports the fixation and immobilization of nucleic acids to a non-porous solid

support. As explained, for example, in [1], fixation and immobilization are terms used

synonymously and interchangeably throughout Applicants‘ specification. As

explained in [3], direct fixation is but one of the embodiments for Applicants’ claimed

invention. See also original claim 9, discussed in [1].

B. Reactive Sites/Binding Sites

[10] As explained in [3] above, Applicants provide in their examples several forms

of treatment to render the non-porous solid support with reactive sites or binding

sites. Dependent claims 3149, 3177, 3203, 3226 and 3250 recite that the non-

porous solid support comprises "reactive sites or binding sites thereon, wherein said

nucleic acid is fixed or immobilized to one of said reactive sites or binding sites."

[11] As discussed in [3], Applicants disclose three different reactive groups or

bindings sites which include amines, epoxides and hydroxyls (see Chart 7).

Applicants also disclose seven treatments of non-porous solid supports including

glass and plastic (see Chart 8), of which three treatments are used for plastic, two

are used for glass, and two are used for both plastic and glass. The three reactive

groups or binding sites follow from the seven treatments of plastic and glass

described in Applicants‘ examples (see Examples 1, 3, 5, 6 and 7 discussed in [3]

above). To state it another way, there are seven disclosed examples (see Chart 8)

for treating the non-porous solid support in order to produce the three different
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reactive groups or binding sites (see Chart 7) for attaching nucleic acids thereto.

Thus, the specification reasonably conveys that Applicants had possession of their

claimed subject matter for reactive sites and binding sites. See Ex garte Soreson, 3

USPQ 2d (Bd. Pat. App. & |nt'f, 1987) and Ex parte Murray, 9 USPQ 2d (Bd. Pat.

App. & |nt'f, 1988).

To elaborate further, the specification discloses several treated or activated

surfaces that provide the instantly claimed reactive sites or binding sites. For

instance, "treated glass surface" is described on page 15, last line, through page 16,

line 2 ("The resulting treated glass surface will now have available alkylamine thereon

suitable for immobilizing or fixing any negatively charged po|yeIectro|ytes"). See also,

page 16, lines 29-30 ("A glass surface treated as described in Example 1 can be

employed in the method of the present invention,"). In other instances, "activated

glass surface" is disclosed on page 17, lines 14-16 ("Both glucosylated labelled and

unlabelled DNA "probe" bound to the activated glass surface"); and on page 18, lines

23-25 (''In these tests, the analyte, phage lambda DNA, was immobilized on an

activated glass surface"). See also page 20, lines 21-22 ("to increase the

effectiveness or uniformity of the fixation by pretreating the plastic surface"); and

page 20, lines 31 -34 ("improving the fixing or uniformity of the plastic surface for

fixing DNA involves treatment of the surface with polylysine (PPL). Also, DDA-

coated polystyrene plates are disclosed on page 21, last line, through page 22, line 2

("The labelled, non-biotinylated denatured DNA [2000 ng to 5 ng] was applied to

DDA-coated polystyrene plates"). Further, 6-aminohexane linked polystyrene and

amino—derivitized polystyrene are disclosed on page 22, 2nd full 1l("To produce 6-

aminohexane linked polystyrene") and ("Amino—derivitized polystyrene"). Later, in

Example 6, also page 22, glass and plastic are disclosed as provided by treatment

with a coating of an epoxy resin. On page 23, lines 1-3, there is disclosed

"treatment of glass or polystyrene surfaces with commercially available epoxy glues, .

. .") Each of these disclosed treatments, treated surfaces and activated surfaces
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results in reactive sites or a binding sites for attaching nucleic acid to a non—porous

solid support.

[12] Applicants disclose several chemical treatments of solid supports, but the

reactions supported by these treatments can be covalent or non-covalent. As

explained in both [1] and [11] above, and as set forth in Applicants‘ Chart 7 dated

12/3/02 and submitted in their December 31, 2002 Communication, three different

reactive groups or bindings sites are disclosed in the specification including amines,

epoxides and hydroxyls. These reactive groups or binding sites follow from the

various chemical treatments of plastic and glass described in Applicants’ examples

and set forth in Chart 8, also dated 12/3/02. Altogether, there are seven treatments

listed in Chart 8, of which three treatments are used for plastic, two are used for

glass, and two are used for both plastic and glass.

To reiterate, one of Applicants‘ disclosed chemical treatments is

dodecadiamine (DDA) described in Examples 5 and 6 for treating plastic. Two other

chemical treatments, plastic treated with polylysine (PPL) and amino—derivatized (6-

aminohexane linked), are described in Examples 5 and 6, respectively. Another

chemical treatment, epoxy glue or solution, is disclosed in Example 6 for treating

glass and plastic. Likewise, ammonium acetate is disclosed in Example 7 as another

treatment for both glass and plastic. For glass treatment, y-aminopropyltriethoxy-

silane and coating solution are disclosed in Examples 1 and 3, respectively. Together,

these seven disclosed chemical treatments (Chart 8) are carried out to treat the non-

porous solid support resulting in the three different reactive groups or binding sites

(Chart 7) used for attaching nucleic acids thereto.

‘[13] To reiterate matters regarding Applicants‘ "binding practice," several

treatments are described for fixing or immobilizing nucleic acids to a non—porous solid
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support. Applicants‘ disclosure in this regard is not believed any broader or any more

generic than their original disclosure.

C. Various Nucleic Acids

[14] New claims 3198 and 3199 recite an array comprising various single-stranded

[or double-stranded] nucleic acids directly or indirectly fixed or immobilized to a non-

porous solid support. As characterized in the Office Action, the subject matter of

former claim 2715 is "directed to a generic non-porous solid support with various

single-stranded nucleic acids or sequences fixed or immobilized thereto."7

[15] The specification does not limit Applicants‘ claimed array invention to

"different" analytes deposited in wells or depression. Indeed, the specification speaks

in several instances to plural sequences, analytes and DNA. See, for example, page

10, lines 31-34 ("Chemically labeled probes according to the invention are then

brought into contact with the fixed single-stranded analytes under hybridizing

conditions"); page 20, lines 25-26 ("the adherence or fixing of DNA to a polystyrene

surface is improved by treating the surface with an . . ."l: Psge 21, lines 19-21

("several biotinylated probes, B-adeno-2—DNA and lambda DNA were hybridized to the

immobilized DNA"); page 21 , lines 21-22 ("To one set of immobilized DNA, no probe

was added"); page 22, lines 34-36 ("An improved capability for fixing or

7 In the September 7, 2000 Office Action (pages 4-5). the Examiner wrote:

The closest array description, as filed, is given in the specification on page 16.

lines 9-27. In this description the array also is limited to glass plates having

depressions or wells with denatured analytes deposited therein, wherein single stranded

analytes are fixed to the surfaces of the wells. Chemically labeled probes may then be

hybridized to these analytes and subjected to detection of any probe-analyte hybrid. It

is noted that the analytes are characterized as being "various" which supports the

presence of "different" analytes deposited in each well or depression (emphasis added).

The above statement was repeated in the October 10, 2001 Office Action (page.3, last ‘ll
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immobilization of DNA to non-porous siliceous solid supports, such as glass and

plastic, is also provided . . ."); page 23, lines 30-31 ("Single—stranded analyte DNA is

now fixed to the we||s."). See especially the original Abstract ("Po|ynuc|eotide

sequences . . . are detected by a method involving fixing of the sequences on a solid

support").

[16] As explained in the last point [15] above, there is no reason of record why the

specification does not reasonably convey to a person skilled in the art that Applicants

were in possession of the subject matter reciting "various single-stranded nucleic

acids or sequences," as set forth in the claims.

[17] Former claim 29338 recites "[a]n array of various nucleic strands or sequences

thereof, said array comprising a non-porous solid support having wells or depressions,

and said various nucleic acid strands or sequences fixed or immobilized in hybridizable

form thereto." As explained in several points above, including most notably [1],

Applicants use the terms "fixation" and "immobilization" synonymously and

interchangeably. As listed in [1] above, ample support is provided in Applicants‘

specification for both terms and their synonymous useage. As indicated earlier in this

paper, the citation at hand, page 16, is an embodiment that is disclosed in Example 1.

As such, the example is "illustrative of preferred embodiments of the method of the

present invention. Moreover, the page 16 citation in Example specifically begins

with the introductory phrase, "For example."

To address further the issue of "various nucleic acids," Applicants are also

submitting the Declaration of Dr. Alexander A. Waldrop, |l|.° Dr. Waldrop is a

scientist and chemist with substantial experience and background in nucleic acid

3 New array claims 3222 and 3223 recite "wells or depressions."

9 Copy attached as Exhibit F.
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chemistry, including modifying and labeling nucleic acids for use in hybridization and

detection assays. He is familiar with several nucleic acid detection formats and

nucleic acid probe technology in general. As set forth in his Declaration (1112, page

9), Dr. Waldrop considers himself to possess the skill, knowledge, training and

experience of a person skilled in the art to which the present invention pertains. In

1l14, pages 9-10, Dr. Waldrop concludes that the ‘O70 specification reasonably

conveys that Applicants were in possession of their claimed array invention, citing as

support for his conclusion several passages from the specification. These passages

are quoted and described in ‘J15, pages 10-12, in Dr. Waldrop's Declaration.

Dr. Waldrop also provides additional evidence in several other paragraphs in his

Declaration as to why the ‘O70 specification does not limit the practice of "various

denatured ana|ytes" to an array of depressions or wells. This evidence is presented in

15 16-23 in Dr. Waldrop's Declaration. In 1117, Dr. Waldrop quotes from the ‘O70

specification the definition of "analyte," which is explained in 115 18-21. Other

portions in the ‘O70 specification are quoted in 15 22 and 23 by Dr. Waldrop as

support for his conclusion that the specification conveys that Applicants were in

possession of their array invention represented by claims 3198 and 3199.

D. Non-Porous Glass/Plastic

[18] As indicated in the opening remarks of this paper, new claims 3246 and 3247

recite "[a] non-porous glass or plastic solid support." As explained in earlier points

and as reiterated below, the subject matter of new claims 3246 and 3247 and its

dependent claims is fully supported by Applicants’ disclosure.

[19] The matter of the terms "fixed" and "immobilized" has been exhaustively

explained in [1] above. As noted above, these terms are used synonymously and

interchangeably in Applicants‘ disclosure. Similarly, there is no evidence of record in
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this application that would explain the difference between "fixation" and

"immobilization."

[20] In view of the presentation of new claims 3246 and 3247 (both now reciting

non-porous glass or plastic solid support), Applicants have obviated this point in the

Office Action.

[21] Again, this point has been handled by the above presentation of new claims

3246 and 3247 (both now reciting non—porous glass or plastic solid support).

[22] As explained in [1] above and elsewhere in this paper, Applicants disclose that

the terms "fixed" and "immobilized" are synonymous terms without any distinction or

difference in their meaning. Furthermore, the specification uses both terms in the

context of a glass solid support. In addition to the citation at hand (page 15, lines

16-20), Applicants use the term "fixed" with respect to glass in other contexts. See,

for example, page 16, lines 9-14 ("For example, glass plates provided with an array

of wells or depressions would have samples of the various denatured analytes

deposited therein, the sing|e—stranded analytes being fixed to the surfaces of the

wells"). On the other hand, in other portions of their specification, Applicants also

use the term "immobilized" and its variations in the context of glass solid supports.

See, for example, page 15, last line, continuing through page 16, lines 1-2 ("The

resulting treated glass surface will now have available alkylamine thereon suitable for

immobilizing any negatively charged polyelectrolytes applied thereto"); and page 18,

lines 23-25 ("ln these tests, the analyte, phage lambda DNA, was immobilized on an

activated glass surface according to the following procedure"). Even more significant

is Applicants’ disclosure on page 22, lines 34-37 ("An improved capability for fixing

or immobilization of DNA to the non—porous siliceous solid supports, such as glass

and plastic, is also provided by treatment with a coating of an epoxy resin"). Thus,
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Applicants do not in any way limit their disclosure or claimed invention to instances

where denatured single-stranded DNA sequences are "fixed" to glass. Indeed, the

original specification is clear that nucleic acids and polynucleotides can be fixed or

immobilized to a non—porous glass solid support, as set forth in amended claim 3030.

As also explained above, this citation (page 16, lines 16-20) is part of the examples

in the specification, and it is "illustrative of preferred embodiments" (page 15, lines 6-

7).

[23] Applicants‘ disclosure on page 16, lines 8-14, does not limit new claims 3246

and 3247 with respect to the nature of the non—porous glass solid support recited

therein. Indeed, in other portions of their specification, Applicants disclose non-

porous glass solid supports for fixing or immobilizing nucleic acids where the glass

does not contain wells or depressions. See, for example, page 18, lines 23-26 (‘'In

these tests, the analyte, phage lambda DNA, was immobilized on an activated glass

surface according to the following procedure. After rinsing with buffer, glass tubes

were coated with . . ."); and page 22, last four lines, continuing through page 23, line

5 ("An improved capability for fixing or immobilization of DNA to non—porous siliceous

so/id supports, such as glass and plastic, is also provided by treatment with a coating

of an epoxy resin. For example, treatment of glass or polystyrene surfaces with

commercially available epoxy glues, such as a solution of epoxy glue in ethanol (1

percent w/v) serves this purpose. These epoxy solutions are applied to the surfaces

or wells, and the solvent . . .").

Additionally, and as explained above, this citation (page 16, lines 8-14) is part

of the examples in the specification, and it is "illustrative of preferred embodiments"

(page 15, lines 6-7). As explained in Applicants’ earlier responses, this citation

begins with the introductory phrase "For example." Furthermore, as a preferred

embodiment for a solid support, ''glass'' is recited in original dependent claim 7 ("said

solid support is selected from the group consisting of glass, . . ."). Also, "plastic or
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glass wells" are disclosed on page 13, lines 34-37, as "[e]xamp|es of devices useful

in the spectrophotometric analysis of the signal included conventional apparatus

employed in diagnostic laboratories, i.e., plastic or glass wells, . . Thus, wells or

depressions are not limiting on Applicants’ claimed invention in the context of glass

solid supports.

[24] As explained in earlier points, Applicants‘ use of glass tubes in Example 3

(page 18) is part of their examples and is "illustrative" of the preferred embodiments

of their invention. Applicants‘ disclosure does not limit their claimed invention to

glass solid supports containing wells or depressions or that are in the form of "glass

tubes." The particular shape of the glass solid support is not essential to Applicants‘

invention. Instead, Applicants employed a number of different solid supports -- glass

and plastic -- to illustrate a variety of embodiments, many of which are described in

their examples and all of which are not intended to limit their claimed invention.

[25] To reiterate from earlier points above, the term "immobilized" has a

synonymous meaning with its sister term "fixed." Four different treatments were

used for glass and these are described in the specification (see Chart 8 dated

2/13/02) and this citation is merely describing one of Applicants’ examples as

"illustrative" of their preferred embodiments.

[26] This point is believed to have been obviated by the presentation of new claims

3246 and 3247, both reciting "[a] non-porous glass or plastic solid support

comprising at least one nucleic acid fixed or immobilized thereto."

[27] As disclosed in the specification (and as set forth in Chart 8 dated 2/13/02),

five treatments for plastic are described, one of which is dodecadiamine (DDA) given

in Example 6 (pages 21-22). Again, DDA and DDA-coated polystyrene plates are part

Enz-7lPllC3)

Page 64 of 187



Page 65 of 187

Stavrianopoulos et al., .S. Pat. Appl. Ser. No. 08/486,070 (Filed June 7, 1995)

Page 64 [Amendment Under 37 C.F.R. §1.116 -- June 30, 2004]

of their examples and are illustrative of Applicants‘ preferred embodiments. DDA

treatment and DDA-coated polystyrene plates are not limiting, therefore, on the

present claims except as already recited in various dependent claims.

[28] As explained in the specification, a microtiter well is an example of

"conventional apparatus employed in diagnostic |aboratories" (page 13, lines 35-37).

Even Example 7 begins with the description "Yet another example of the method of

the present invention, including fixing the polynucleotide analyte sequence directly to

a non-porous solid support, such as a conventional microtiter well, may be performed

according to the procedures outlined below. The next paragraph follows with

"[c]onventiona/ microtiter well plates can be pre-rinsed with 1M ammonium acetate

(NH40Ac), which is one of two treatments held in common with glass and plastic

(see Chart 8). Thus, microtiter wells are an embodiment for Applicants‘ invention and

in no way should be taken as a limitation on new claims 3246 and 3247.

[29] The insertion of "non—porous" into new claims 3246 and 3247 is believed to

have obviated this point.

[30] Applicants appreciate that the Examiner has considered Dr. Dollie Kirtikar's

Declaration that was submitted with their October 31 , 2003 Amendment Under 37

C.F.R. §1.115.

[31] As explained in Applicants’ October 31, 2003 Amendment (page 92), Dr.

Kirtikar's Declaration established (1) that the inventors investigated binding nucleic

acids to a variety of differently shaped support materials, including flat microscope

slides; (2) that the shape of the support material was irrelevant to the surface

chemistry involved; and (3) that the inventors in fact constructed at least two arrays

of different nucleic acids, one on a flat microscope slide and the other on a flat glass
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fiber filter. Dr. Kirtikar's experiments and experimental data are consistent with

Applicants‘ disclosure and invention in that her data and experiments cover a

spectrum of solid supports, surfaces, shapes and treatments. Dr. Kirtikar's

Declaration is testament to the careful investigation and research that was carried out

in connection with Applicants‘ invention.

[32] As explained in the preceding point [31] above, Dr. Kirtikar's experiments and

experimental data cover a spectrum of solid supports, surfaces, shapes and

treatments. The experiments and data in her Declaration are consistent with

Applicants‘ disclosure and invention that likewise illustrate a variety of solid supports,

surfaces, shapes and treatments.

[33] Applicants reiterate their remarks in the last two preceding points [31] and

[32]. Dr. Kirtikar's experiments and data are consistent with the variety of solid

supports, surfaces, shapes and treatments carried out by Applicants and disclosed in

their specification.

[34] The fact that preprinted slotted slides disclosed in Dr. Kirtikar's Declaration

may not be specifically described in the specification should not detract from her

experimental work which is consistent with the experimental work disclosed in

Applicants‘ invention. Again, a number of solid supports, surfaces, shapes and

treatments are described in Dr. Kirtikar's Declaration, and a variety of solid supports,

surfaces, shapes and treatments are exemplified in Applicants’ disclosure. Moreover,

Dr. Kirtikar's use of slotted slides which are flat surface slides certainly shows that

the shape of the solid support or surface is not critical to fixing or immobilizing nucleic

acids.
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[35] Applicants note with thanks the recognition in the Office Action rejection that

the experimental material cited in Dr. Kirtikar's Declaration is consistent with the

instant application. As far as the written description rejection, it is believed that all

grounds and points have been thoroughly addressed and overcome, either by remarks

and evidence, or by the presentation of an additional term in the case of claims 3246

and 3247 and their dependent claims.

In light of the above remarks and the submission of Dr. Wa|drop's Declaration

(Exhibit F), Applicants respectfully request reconsideration and withdrawal of the

rejection for new matte.

lV. Submission of Art-Related Documents

Applicants filed their Third Supplemental Information Disclosure Statement on

May 13, 2004. Applicants’ attorney and his paralegal are presently reviewing the file

wrapper for the purpose of bringing together a list of all art—related documents

previously cited in office actions or submitted in various information disclosure

statements. That list of previous documents made of record in this application is

expected to be completed and submitted shortly.

Favorable action on this application is respectfully requested.

*-X-***-X-*
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SUMMARY AND CONCLUSIONS

A complete listing of the claims is provided above. Among the claims in

the complete listing are new claims 3144-3286.

No fee or fees are believed due in connection with the filing of this

Amendment which is being accompanied by a Notice of Appeal and

authorization for the fee therefor. In the event that any other fee or fees are

due, however, The Patent and Trademark Office is hereby authorized to charge

the amount of any such feels) to Deposit Account No. 05-1 135, or to credit

any overpayment thereto.

If a telephone conversation would further the prosecution of the present

application, Applicants’ undersigned attorney request that he be contacted at

the number provided below.

spectfully bmitted,

nald C. Fedus

Registration No. 32,567

Attorney for Applicants

ENZO LIFE SCIENCES, INC.

c/0 ENZO BIOCHEM. INC.

527 Madison Avenue, 9"‘ Floor

New York, NY 10022-4304

Telephone: (212) 583-0100

Facsimile: (212) 583-0150
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ABSTRACT

The surfaces and immobilization chemistries of '

DNA microarrays are the foundation for high quality
gene expression data. Four surface modification

chemistries, poly-L-lysine~(PLL), 3-glycidoxypropyl-

trimethoxysilane (GPS), DAB-AM-poly(propyl-

eminime hexadecaamine) dendrimer (DAB) and-3-
aminopropyltrimethoxysilane (APS), were evaluated

using cDNA and oligonucleotide, sub-arrays.- Two
RCA-cleaned and

immersed in Tris—EDTA buffer were also studied.

DNA on amine-modified surfaces was fixed by UV
(90 mJ/cm2), while DNA on‘GPS-modified surfaces

was immobilized by covalent coupling. Arrays were

blocked with either succinic anhydride (SA), bovine

serum albumin (BSA) or left unblocked prior to

hybridization with labeled PCR product. Quality fac-
tors evaluated were surface affinity for cDNA versus‘

oligonucleotides, spot and background intensity,

spotting concentration and blocking chemistry.
Contact angle measurements and atomic force
microscopy were preformed to characterize surface

wettability and morphology. The GPS surface exhib-

_ited the Iowestbackground intensity regardless of

blocking method. Blocking the arrays did not affect
raw spot intensity, but affected background inten-

sity on ‘amine surfaces, BSA blocking being the
lowest. Oligonucleotides and cDNA on unblocked

GPS-modified slides gave the best signal (spot-to-
background intensity ratio). -Under the conditions

evaluated, the unblocked GPS surface along with
amine covalent coupling was the most appropriate

for both cDNA and oligonucleotide microarrays.

INTRODUCTION

' The DNA microarray enables researchers to survey the entire
transcriptome of virtually any cell population. This capability
produces unprecedented quantities of raw data and enables the

investigation of gene expression, functional genomics and

genetic complexity with potentially many more applications
(1-4). Although production capabilities and use of micro-

arrays are becoming increasingly well established, significant
differences exist with regard to fabrication techniques and end
user protocols. Such differences make it difficult to compare
results across platforms and present data management chal-
lenges for the integration of databases. Fabrication parameters

that may vary include: surface chemistry of slides (5-9), type
and length of printed DNA (2,9) and immobilization or fixing
strategies for the spotted DNA. Various end user protocols
include: pre-hybridization surface blocking (3), mRNA label-
ing protocols, hybridization protocols, post-hybridization
wash stringency and data analysis techniques (4,l0,11). An

‘additional area of great concern is the implementation
(placement and type) of appropriate controls aimed at quality
assurance and quality control. The absence of approaches that
are based on ‘best practices’ for design, fabrication, and end
use of microarrays makes comparative data analysis between
groups problematic. Although some work has been recently
published that addresses several of these issues, (2-7,9—l3) '

there is still little consensus about which design features and
end user protocols are optimum for highest quality microarray
data. In a recent attempt to develop microarray standards, the
authors of the MIAME (minimum information about a

microarray experiment) protocol have introduced guidelines
for establishing standards concerning the information require-
ments for a more effective comparative analysis of microarray
data between groups (10); The emphasis on these guidelines is
however on documentation and not on engineering guidance.
This paper aims at providing engineering guidance in the
fabrication of cDNA and oligonucleotide microarrays.

The glass surfaces of DNA microarrays have been modified
in various ways to immobilize DNA (oligonucleotides and/or
cDNA) (5-9). Common surface modifications for printing and
affixing DNA onto glass slides are: poly-L-lysine (PLL) (14),
3-aminopropyltrimethoxysilane (APS) (3,5,9), 3-glycidoxy-
propyltrimethoxysilane (GPS) (7,9) and aldehyde or car-
boxylic acid (5). DNA has also been directly printed onto ‘
unmodified glass (9). Arnine-tenninated cDNA and amine-

terminated oligonucleotides may be covalently coupled to
epoxide, isothiocyanate and aldehyde activated glass surfaces
(7). Non-terminated DNA has also been spotted onto amine-
functionalized surfaces such as PLL, APS and surfaces that
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843038, 601 West Main Street, Richmond, VA 23284—3038, USA. Tel: +1 804 827 7016; Fax: +1 804 827 7029; Email: guiseppi@vcu.cdu

Page 73 of 187



Page 74 of 187

e87 Nucleic Acids Research, 2003, Vol. 31, No. 16

were functionalized and derivatized with polyarnidoamine
dendrimer (PAMAM) (6).

One possible advantage of GPS, APS and PAMAM over
PLL is that the former are covalently immobilized to the
silicon bearing hydroxide functional groups on the surface of
glass, while PLL is immobilized by adsorption, the result of
acid—base interactions and hydrogen bonding with the
amphoteric glass surface (15). Moreover, it has been reported
that aminosilanes and PAMAM surfaces offer- a more

consistent surface than PLL, with lower background and
higher overall fluorescent signal intensities.(6). Given that
there are ~5.0 silanol groups/nmz on a fully hydroxylated
silica surface that is supplemented by a few layers of surface
bound water, and given that the APS molecule could pack to a
limit of ~5 molecules/nmz (perfect hydrocarbon chain pack-
ing, e.g. c-axis of polyethelene crystals packs at ~5.2—5.4),
then it is likely that a well-packed APS .layer would typically
present in the range 3.5-4.0 amine groups/nmz (l6,17), while

PAMAM derivatized surfaces present ~66 amines/nmz (18). In
addition, PLL surfaces generally require an induction period
of ~2 weeks before they .can produce consistent microarray
results (3). PLL, APS and PAMAM all present amine
functional groups suitable for interaction with DNA via
hydrogen bonding and, potentially, via electrostatic inter-
actions (9) under the appropriate pH conditions. DNA is
commonly ‘cross-linked’ on these surfaces by exposure to UV
light, however this process is poorly understood but is
believed to involve the creation of radicals’ that induce inter-

chain cross-linking. GPS, in contrast, allows amine-tenninated
DNA to be covalently immobilized to the surface (19) via an
amine-initiated nucleophilic ring opening reaction that leads
to covalent bond formation between the GPS and the amine-
terminated DNA.

Blocking reactions are typically employed to prevent
labeled reverse transcription product from adsorbing to the

surface of the printed microarrayiduring the hybridization
reaction. Blocking methods provide the added advantage of
washing away unbound DNA from the surface that would

otherwise compete with the labeled species (3). Two of the
most common blocking methods to address non-specific
adsorption on amine-modified microarrays involve blocking
with succinic anhydride (SA) (3, 14) or bovine serum albumin
(BSA) (3). Both are intended to block the unreacted functional
groups of the printed microarray with chemistries that have
low affinity for DNA. .

In this paper, we report an evaluation of spotting concen-
tration, surface chemistries and blocking strategies for their
combined role in the performance of oligonucleotide and
cDNA microarrays. Our goal was to establish optimum
protocols for manufacturing, spotting, hybridization and
scanning of microarrays. cDNA and oligonucleotide micro-
arrays were therefore spotted on six different surfaces. These
surfaces evaluated were: APS, GPS, DAB-AM-l6-poly(pro-
pyleminime hexadecaamine) (DAB), and PLL. DAB is a

generation 3 dendrimer that was linked tothe glass surface via
covalent coupling following surface modification with GPS.
In addition, two unmodified blank slides: (i) RCA-cleaned, but
not surface modified (RCA); and (ii) cleaned and immersed in

Tris—EDTA buffer (TEB) were also evaluated. Microarrays
were blocked with either SA (SA-blocked), BSA (BSA-

blocked) or left unblocked. These surfaces represent a broad.
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range of available surface chemistries. The GPS presents the
reactive glycidoxy functional group to which amine-termin-

ated oligonucleotides and CDNA, derived from amine-terrnin-
ated primers, could be covalently affixed. The APS, PLL and

DAB. surfaces present varying densities of amine functional-
ities for hydrogen-bonding interactions with DNA. The RCA-
cleaned glass slides served as a reference surface while the
TEB immersion deliberately introduced surface contamin-
ation to otherwise cleaned glass slide. surfaces. The non-

blocked surface served as the control for blocking. These .
surfaces and blocking strategies were evaluated by fabricating
microarrays of cDNA and 30mer oligonuclotides prepared
using the human GAPDH gene sequence. The oligonucleo-
tides and cDNA were spotted at five different concentrations
and hybridized to Alexaflour 555-labeled GAPDH PCR
product. Wettability of the surfaces was determined by contact
angle measurements with hexadecane and ultrapure water.
Surface morphology was characterized by atomic force
microscopy (AFM). -

MATERIALS AND METHODS

Cleaning, preparation and surface modification of
microarray slides

In a class 1000 clean room, 50 VWR brand glass microscope
slides (VWR 48300-025) were solvent cleaned by immersion
for 1 min in boiling acetone followed by 1 min in boiling
isopropanol. The slides were then washed in ultrapure H20 (18
MOhm) for l min and dried with filtered nitrogen. Next, the
slides were UV/ozonated for 15 min on one side using a
Boekel UV Clean Model 135500 followed by ultrasonication
in a Branson 1510 ultrasonicator in isopropanol for 5 min. The
slides were then washed in diHzO and dried using filtered
nitrogen. Finally, the slides were activated by immersion in a
(5:1:1) solution of diH2O:hydrogen peroxidezammonium
hydroxide (RCA) at 60°C for 1 min, followed by dil-120
wash, placed in glass slide carriers and dried in a convection
oven for 30 min at 80°C. After this step, RCA-cleaned slides
were stored for subsequent spotting.

The cleaned slides were then partitioned into six groups.
One group of nine slides was modified by immersion in a

solution of y-APS 0.1% v/v in anhydrous toluene for 30 min at
40°C, washed three times in anhydrous toluene, placed in a
glass staining dish and cured in a convection oven for 20 min
at 1 10°C. The slides were then stored until needed for printing.
Twenty-four slides were chemically modified by immersion in
a solution of GPS 0.1% v/v in anhydrous toluene for 30 min at
40°C, washed three times in anhydrous toluene, placed in a
glass staining dish and cured in a convection oven for 20 min
at 110°C. Nine of these slides were stored for printing, and the
remaining slides were subsequently modified by immersion in
a solution of DAB 1.0% v/v in absolute ethanol overnight at
room temperature. After the overnight incubation, the slides
were washed three times in ethanol, placed in a glass staining ‘
dish and cured in a convection oven for 20 min at 110°C. The

nine remaining slides were immersed in TEB (1.0 M Tris,
0.1 M EDTA) for 30 min at room temperature, washed in
diH2O, dried in a convection oven and stored. Nine slides were
modified with PLL. The slides were immersed in a solution of

70 ml phosphate-buffered saline, 70 ml of 0.1% PLL and
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560 ml of diH2O, then incubated with gentle shaking for 1 h at
room temperature. The slides were then washed five times in

diH2O, dried with filtered nitrogen and placed in a 55°C
vacuum oven for 10 min. All slides were stored in a plastic
microscope box wrapped in aluminum foil then placed in a
desiccator cabinet until needed for spotting. The PLL-
modified slides were stored for 1 week prior to microarray
spotting. ' ‘

Contact angle and AFM measurements

Contact angles of de-ionizedwater (YL = YLP + VI)‘ = 53 + 20 =
73 mN m") and anhydrous hexadecane (YL = 71)‘ = 26 mN m‘1)
were measured at the cleaned or chemically modified
microscope glass slides using an NRL Contact Angle
Goniometer (Ramé-Hart Inc., Mountain Lakes, NJ).
Octadecyltricholorsilane (OTS) was used as a reference
surface and was prepared following solvent cleaning ‘by
immersion in 0.1% v/v OTS in anhydrous toluene at 40°C for
30 min. The slides were then rinsed three times with toluene

and dried at 110°C for 20 min. In a contact angle measure-
ment, a droplet (~15 pl) of probe solvent was placed on the
cleaned or modified glass slide from a fixed height, and the
contact angle was directly measured through the focusing lens
of the goniometer. AFM was performed using a Digital
Instruments Dimension 3100 Atomic Force Microscope. Scan
rates were set between 5 and 8 Hz depending on the image
quality, and the scan size was changed from 1 to 10 um upon
engagement of the cantilever. The instrument was operated in
tapping mode to obtain the micrographs. The resulting height
images were processed using Nanoscope III software. Images
were flattened to remove scan lines, and the height scale was
set to 75 nm. Feedback controls such as integral gain,
proportional gain and amplitude set point were modulated in

real time as the image was being generated. Integral and
proportional gain were always set between 2 and 0.5.

Preparation of GAPDH cDNA for arraying

The glyceraldehyde-3-phosphate dehydrogen_ase (GAPDH)
gene fragment obtained from PCR was a source of cDNA for

arraying onto the slides prepared in the previous step. Amine-
modified PCR primers: forward: 5’ amine-C6-ccacccatgg-
caaattccatggcaccgtca and reverse: 5’ arnine—C6-ggtttttcta-
gacggcaggtcaggtccacc, were diluted to a working con-
centration of 0.001 ug/ul and 10 it] was then mixed with

0.5 it] (5000 U/pl) of New England Biolabs (NEB) Taq
polymerase (M0267S), 0.1 pl (200 mM) dNTPs (Invitrogen
10216-012, 014, 016, 018), 5 ul of 10X NEB PCR buffer,
0.5 til of GAPDH template and 34 ul of diH2O per 50 pt]
reaction for a total of 50 reactions. The reaction was initiated

at 95°C for 30 s and cycled 29 times under the following
conditions: melt at 95°C for 30 s, anneal at 50°C for 30 s and

Table 1. Oligonucleotide sequence information
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extend at 72°C for 1 min- using an MJ Research PTC-200

‘thermal cycler. After PCR, the reaction products were

combined and distributed into three 1.7 ul centrifuge tubes.
To each tube was added 750 pl of 100% ice-'cold isopropanol
a_nd‘the tubes were centrifuged at 14 000 r.p.m. for 30 min in
an Eppendorf Model 5804R centrifuge to pelletize the PCR
product. The pellet was washed in 75% ethanol and re—pelleted
by centrifugation at 14000 r.p.m. for 30 min. After
centrifugation'the pellet was re—suspended in 20 pl diH2O
per tube and the contents of each tube were combined. The

concentration of GAPDH in solution was quantified by UV,
spectroscopy with a Perkin Elmer Lambda 40 spectrometer.
The GAPDH cDNA was diluted to the concentrations of 2.0,

1.0, 0.5, 0.2, 0.02 and 0.002 pg/pl. An equal volume of 2X
spotting buffer (3 M Betaine, 6X SSC) was added to each of

the dilutions to make the 1X spotting solution. The solutions
were then distributed into separate 96 well V bottom micotiter

plates using a Packard Biochip MultiProbeH Liquid Handling
robot. The plates were stored at —20°C until needed for
spotting. -

Preparation of oligonucleotides for arraying

Oligonucleotide primers were designed using the GAPDH
sequence (accession no. NM_002046) and synthesized by
Integrated DNA Technologies. Table 1 lists the oligonucle-
otides, their 5’ modification and their position in the GAPDH
sequence. The forward, interior and random primers were
diluted to the 2X concentrations: 2.0, 1.0, 0.5, 0.2, 0.02 and

0.002 pg/ul in diH2O and mixed with an equal volume of 2X
spotting buffer (3 M betaine, 6x SSC). The forward, interior

and random primers were arrayed on each type of chemically
modified glass slide as well as onto the two groups of
unmodified slides (RCA-cleaned and buffer immersed).

Probe immobilization

Array fabrication was performed using a Cartesian
Technologies PixSys 5500SQ Pin Array Robot and Liquid
Dispensing System. Forward, interior and the random

oligonucleotide sequences were spotted in three sub—arrays
on slides that were modified with GPS, APS, DAB, PLL and

the unmodified slides (RCA-cleaned and buffer immersed).
PCR amplified GAPDH cDNA was also spotted on these
slides in three additional but separate sub—arrays. The DNA
arrayed on these surfaces was spotted in graded concentrations

using the betaine spotting solution. The final DNA microarray
layoutis shown in Figure 1. After spotting, the APS, DAB,
PLL, RCA and buffer immersed arrays were cross-linked with
90 ml/cmz in an Ultra-Violet Products CL-1000 UV cross-

linker and baked at 80°C for 1.5 h. The GPS arrays were
incubated at 42°C in 50% humidity for 8 h, rinsed with 0.2%

SDS solution for 2 min by vigorous shaking, washed three

 
Modification Sequence _..j__Oligo name Position

Forward 228-258
Reverse 802-811
Interior 502-531

Unlabeled competitor ‘ Complement of interior
Randomer None

Amine ccacccatgg caaattccat ggcaccgtca
Amine ggtttttcta gacggcaggt caggtccacc
Amine cagcctcaag atcatcagca atgcctcctg
None caggaggcat tgctgatgat cttgaggctg
Amine acctggacct gaatccgcca tatagcctac .__.
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Microarray Layout

Figure 1. Microarray layout.

times in diH2O, incubated in diH2O at 50°C for 20 min then

dried with filtered nitrogen. All arrays were then stored in foil-

wrapped slide-boxes in a desiccator cabinet overnight prior to
hybridization.

Labeling of GAPDH'target

The forward and reverse oligonucleotide primers were used to
_ amplify a 600 bp region of the GAPDH gene for fluorophore
labeling. The previously described PCR protocol was used
except that aminoallyl dUTP (Molecular Probes A-21664) was
included in the reaction mixture at a ratio of 3:1 dUTP:TTP for

a final concentration of 200 mM in each 80 ul reaction for a
total of 60 reactions. The resulting PCR product was labeled
using the ARES” DNA labeling kit from Molecular Probes
(A-21665) according to the supplied protocol.

Pre-hybridization. blocking

Twelve slides were immersed in pre-hybridization buffer
containing 5X SSC, 0.1% SDS and 1.0% BSA, incubated at

42°C for 45 min, washed 5 X in dil-120 then dried using filtered
nitrogen. Another 12 slides were immersed in SA pre-
hybridization solution containing 15 ml sodium borate and
6 g SA in 350 ml 1-methyl-2-pyrrolidinone. The solution
containing the slides was incubated on an orbital shaker for
20 min, quenched in boiling diH2O, washed five times in 95%
ethanol and dried using filtered nitrogen. Twelve slides were
left unblocked. The remaining slides in the GPS and RCA
groups were_ processed separately according to the same
protocol.

Hybridization and imaging

Each group of slides was hybridized using a GenTac
Hybridization Station (Genomic Solutions). 100 pl of
hybridization buffer [4X SSC, 1>< Denhardt’s reagent, 5.0%
SDS, 10% dextran sulfate, 40% forrnamide solution (50% v/v
dil-120)] containing 40 ng labeled GAPDH CDNA and, for
some experiments, 24 ng unlabeled competitor, was added to
each microarray hybridization solution. The hybridization was

allowed to proceed for 16 h at 42°C. After hybridization, the
arrays were sequentially washed with medium stringency
buffer (2X SSC, 0.1% SDS) (Genomic Solutions 16004001),
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high stringency buffer (0.lX SSC, 0.05% SDS) (Genomic
Solutions 16004501), post wash buffer (0.1 X SSC) (Genomic
Solutions 16003501) and diH2O. The arrays were then dried
with filtered nitrogen. Each microarray was scanned at 5 um
resolution using a Perkin Elmer ScanArray 5000 microarray
scanner using the 488 nm filter.

RESULTS

Surface chemistry and blocking strategy

Four chemically modified and two unmodified glass surfaces
were studied for their characteristics relating to: (i) im-
mobilization of cDNA and‘ oligonucleotides, (ii) resulting
slide background intensity after hybridization, (iii) signal
intensity (spot intensity/slide background intensity) following
hybridization and (iv) spotting uniformity. The surface
chemistries evaluated were Y-APS, GPS, DAB (linked to the
glass surface via GPS), PLL, a cleaned glass surface that had

-been immersed in TEB and a RCA-cleaned surface. These

surfaces were selected because they are commonly used or
otherwise cost effective/easy to implement in the microarray
fabrication laboratory. While there are several alternative

attachment chemistries (5,7), we limited this study to the most
widely used and well-documented examples. Most cDNA
microarray fabrication has been reported using PLL surfaces
(2,3,14,15). However, Hegde et al. (3) and Liu et al. (20) have
used APS surfaces for their cDNA microarray work and APS-
modified glass surfaces are commercially available from
Corning [CMT-GAPS slides (catalog no. 40004, Coming)]
and Telechem [Super Amine slides (catalog no. SMM)] (web
addresses for microarray substrates: Corning: http://www.
corning.com/LifeSciences/pdf/gaps_ii_coated__slides_10_01_
ss__cmt_gaps_002.pdf and Telechem: http://arrayit.com/
Products/Substrates/substrates.html).

In an effort to identify a better microarray surface, one
group has examined the amine presenting compound,
PAMAM (6), and found it to have superior background and
oligonucleotide capturing characteristics. We chose a closely
related compound to that used by Benters et al. (6) for
comparison with the common amine surfaces. As a means of
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Figure 2. Schematic illustration of the various surface chemistries studied and the idealized interaction of DNA with functional groups on a glass surface.
(A) GPS covalently bound to an amine-terminated oligonucleotide. (B) PLL hydrogen bonding with an oligonucleotide. (C) One-half of a DAB dendrimer
hydrogen bonding with an oligonucleotide. (D) APS hydrogen bonding with an oligonucleotide.

covalent coupling, it has been reported that epoxy-silane
(GPS) has been used for immobilizing amine-terminated
oligonucleotides and cDNA (5,21). Figure 2 is a schematic
illustration of the various surfaces studied.

The pre—hybridization blocking strategies studied were: no
blocking, the adsorption of BSA and the reaction of SA. The

ability of each of these three blocking strategies to" reduce
post-hybridization background intensity was investigated for
each of the six surfaces. SA is commonly used as a blocking
reagent in cDNA microarrays prepared on amine-functiona-
lized surfaces (3,13). The anhydride readily reacts with the
available amines forming the amide and thereby eliminating
the amine from the surface with the intent of avoiding non-

' specific adsorption of DNA. Such an approach should be
effective for both oligonucleotide and cDNA microarrays.
A blocking solution containing BSA has been reported
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by Hegde et al. (3) to result in lower background intensities
when compared with SA. BSA is a neutral globular protein
that readily adsorbs to surfaces and is commonly used in
ELISAs.

There are two microarray platfonns in wide usage: cDNA
and oligonucleotide arrays. The oligonucleotide arrays vary in
oligonucleotide length but are generally 25——70mers while
printed cDNA typically ranges from 70 to 600 bp. Both types
were evaluated in this study. The oligonucleotides selected
were 30mers of the GAPDH gene and the cDNA was an

~600 bp PCR product amplified from GAPDH using amine-
_ terminated primers. Both types of DNA’ were spotted over a
broad range of concentration (0.00l—0.5 pg/ul).

We measured spot quality as a function of spot and
background intensities. All intensities were measured under

the same conditions of laser power and PMT gain. Images
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were subsequently scanned at the same resolution (5 microns).

Our findings are presented according to the blocking strategy
employed.

Background intensities

Figure 3A—C shows the average background intensities
following hybridization to target for all the cDNA and

oligonucleotide sectors of all six chemically modified sur-
faces. Background intensities were measured for each of the
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six different spotting concentrations ‘(0.00l—O.5 p.g/ul)
employed and averaged over the many replicates for that
concentration. We chose this approach to allow us to discern.

the influence of spotting concentration, and hence spot
intensity, on the intensity of the background signal as
perceived by the QuantArray software. All intensities were
measured using the same QuantArray parameters and were
plotted on the same scale to allow ready visual comparison of

the data. Figure 3A shows the background intensity of.
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unblocked slides, while Figure 3B and C shows the

background intensities of the BSA- and SA-blocked slides,
respectively.

It can be seen in Figure 3A (unblocked) that the amine-

bearing surfaces gave the highest background intensities
(~4000 counts) when compared with the unmodified surfaces,

RCA and TEB, and the epoxide-bearing surface.AFigure 3B
(BSA-blocked) shows very similar behavior to the unblocked

slides. That is, the amine-bearing surfaces gave higher
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background intensities when compared with the unmodified

surfaces, RCA and TEB, and the epoxide-bearing surface.
However, in this case the background intensities are between
1000 and 2000 counts, half as much as the unblocked slides.

BSA therefore reduces the background intensity by ~50%
compared with unblocked slides. It is noteworthy that this
reduction in background intensity is most significant for the
amine-bearing surfaces and does not significantly affect the
background intensities of the unmodified surfaces, RCA and
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Figure 3. (Previous two pages and above) Average background intensities following hybridization of all cDNA and oligonucleotide sectors at different
spotting concentrations (0.001-1.0 ug/ul) for all six surfaces studied. These are grouped by the blocking method employed; (A) unblocked. (B) BSA blocked
and (C) SA blocked. (a) 3D bar charts of average background intensities as a function of spotting concentration and surface chemistry. (b) 2D bar charts
showing the standard error.

TEB, or the epoxide—bearing surface. It can be seen in

Figure 3C (SA-blocked) that the amine-bearing surfaces
likewise gave higher background intensities compared with
the unmodified surfaces, RCA and TEB, and the epoxide-
bearing surface. However, in the case of SA blocking, these
background values were considerably higher than those found

for the amine—bearing surfaces on unblocked and BSA-
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blocked slides. Here, background intensities ranged from
3000 to 24 000 counts. There is also clear variation in the

behavior of oligonucleotide and cDNA spots when blocked
with SA. Oligonucleotide sectors were less prone to high
background intensity counts while cDNA sectors gave high
counts. Close observation of the scanned images revealed
sizable comet tails on the cDNA spots. These observations
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have been previously reported in microarray experiments
using SA blocking (l9,20, Oregon State Microarray
Laboratory: http://www.cgrb.orst.edu/CSL/custom.pdf). SA
appears to have a deleterious effect on UV—cross-linked

cDNA spots, inducing comet tail formation, compromising the
integrity of DNA spots.

Spot intensities

Oligonucleotide and cDNA sectors were spotted at concen-
trations of 0.001, 0.01, 0.1, 0.25, 0.5 and 1.0 pg/til. Figure 4A
and B shows the-resulting raw spot intensities obtained over

these six concentrations and under the three blocking condi-
tions studied. For cDNA sectors the plots display a fairly sharp
rise to plateau between 0.25 and 1.0 pg/p.l resulting in higher
spot intensity ' values than oligonucleotide sectors. The

oligonucleotide plots did not exhibit a plateau, rather they
displayed a constant gradual rise and a smaller andmore even

slope. Although both types of DNA were spotted at the same
concentration, the -raw spot intensities of oligonucleotide
sectors were generally lower than those of cDNA sectors
(Fig. 4B versus A) over all surfaces studied. cDNA sectors

displayed an ~2-8-fold higher raw intensity than oligonucle-
otide sectors for any given concentration.

The difference between cDNA and oligonucleotide spot
intensities was especially apparent among the amine surfaces
where spot intensities differed 8-fold. Oligonucleotides and
cDNA exhibited close clustering at each concentration

regardless of the surface modification employed, except for
the buffer-treated surface. However, oligonucleotide intensity
on the GPS surface was slightly higher than that found on
other surfaces when blocked with BSA or in the unblocked

condition. cDNA intensity from the GPS surface was tightly
clustered with the other surfaces. Thus, the difference in
intensity for oligonucleotide and cDNA sectors was ~2-fold

between the concentrations 0.001 and 0.1 ug/p.l. This indicates
1 _ that GPS is more effective for immobilizing oligonucleotides

than the other surfaces. Measurable spot intensities for
oligonucleotide sectors were not detected on RCA or TEB

surfaces because the oligonucleotides, we believe, were
washed away during blocking and/or hybridization.

Signal intensities

Here we define signal intensity to be the spot intensity divided
by the background intensity. Signal intensities were measured

using the QuantArray software and‘ are presented as log
intensity versus log concentration plots and as bar charts with

standard deviations in Figure SA—C for cDNA and Figure 6A-
C for oligonucleotide. Included on these plots is the expected
theoretical dynamic range, where for 10-fold dilutions the

slope = log (10). The figures show that GPS surfaces yielded
the highest signal intensity for both oligonucleotide and cDNA
sectors. RCA-cleaned and unmodified surfaces showed the
second highest signal intensity. for cDNA; however, there was
no apparent signal from oligonucleotide sectors on RCA

slides. The DAB-modified surface performed third best with
oligonucleotides and cDNA, except for the SA-blocked cDNA

sectors. In cDNA sectors from SA-blocked slides prominent
‘comet tails’ were observed originating from the cDNA spots.
This feature contributed greatly to the background intensity
and accordingly negatively impacted on signal intensity.
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Generally, there was low variation in magnitude of raw spot
intensity from cDNA sectors across all surfaces. Exceptions
included the buffer treated slides, which had poor spot
integrity (circularity and uniformity), and the RCA-cleaned

_ surface under the unblocked and BSA—blocked conditions. In

all cases the raw spot intensity on GPS surfaces was

comparable, if not higher in magnitude, with the spots from
the other surfaces (Fig. 4). However, since the background
signal from the GPS surfaces was much lower than any of the
other surfaces except RCA, the signal from the GPS surfaces
was almost always greater between the spotting concentra-
tions of 0.25 and 0.01 ug/til.

Note that in Figure 5A (unblocked cDNA sectors) the
dynamic range line is matched only by the GPS-modified

. surface between 0.001 and 0.01 pg/111. Spots on the RCA-
cleaned surface between the concentrations 0.1 and 0.5 ug/til
also match the DR curve. No other surfaces show significant
concurrence with the DR curve for this test condition. In
Figure 5B (BSA-blocked cDNA sectors) it was observed that
the RCA-cleaned surface matched the DR line between the

concentrations 0.01 and 0.25 pig/til while GPS matched the
DR line between 0.001 and 0.01 ttg/til. The other surfaces
(APS, PLL, TEB and DAB) conform better to the DR line

between the concentrations 0.01 and 0.1 pg/p.l but still do not
follow the expected slope exactly. In Figure 5C (SA-blocked
cDNA sectors) it can be seen that the RCA-cleaned surface
matched the DR line between the concentrations 0.001 and

0.10 pg/pl. The amine-bearing surfaces APS, PLL and DAB

appear to match the DR line in the region 0.10-1.00 pg/til.
None of the remaining surfaces yields spots that conform well
to the DR slope.

Figure 6A—C shows that none of the experimental
oligonucleotide concentration curves conforms to the slope
of the expected DR line. There was little change in signal
intensity as a function of concentration of the spotted
oligonucleotides.

Spot quality

Spot quality is a global assessment that is comprised of
parameters represented by spot footprint, circularity, intra-
spot uniformity, inter-spot uniformity, signal-to-noise ratio
and the coefficient of variation (CV = standard deviation/

mean) representing replicate uniformity. In general, circular-
ity is governed by the setup conditions in QuantArray and is
generally always close to unity. We focus here on spot
footprint (diameter or area) and the CV of the signal intensities
as a function of surface and type of DNA: the former because

of its relation to contact angle and surface topology and the
latter because of its relationship to replicate uniformity.
Figure 7A (a, b and c) and B (a, b and c) are plots of the CV for
signal intensities obtained over the various surfaces studied

and under the three separate blocking conditions. The CV was
calculated from the 360 (10 per sector X 3 per microarray X
12 microarrays) replicate spots representing each cDNA
concentration and from the 324 (9 per sector X 3 per
microarray X 12 microarrays) replicate spots representing

' each oligonucleotide concentration.
The CV was greater and more variable for cDNA sectors

than for oligonucleotide sectors for all surfaces and across all

blocking strategies. With few exceptions the CV for

oligonucleotides was <0.4 for all surfaces and blocking
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methods. This means that any given individual spot intensity
reading would only be ~40% of the value of the mean. The

modified and RCA surfaces performed similarly in terms of
spot quality, while the buffer surface perfomied poorly. In the
latter case the cDNA spots pooled together and fonned larger
irregular spots on the surface. The oligonucleotide spots
completely washed off during blocking. RCA showed good
spot quality for CDNA sectors but, like the TEB slides, the
oligonucleotide sectors washed off.
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Contact angle measurements and AFM

Contact-angle measurements were taken for each surface used

in this experiment. Figure 8 shows the bar chart of these
measurements taken with water (light gray) and hexadecane
(dark gray). The bar chart most notably shows that the RCA-
cleaned surface, with a water contact angle of ~48°, is
comparable in hydrophobicity with the functionalized
surfaces, while the TEB surface, because of its deliberate
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Figure 4. (Previous page and above) (A) Plots of logarithm of raw spot intensity data of CDNA sectors as a function of concentration over the range 0.001-
0.5 pg/pl. (a) Unblocked, (b) BSA blocked. (c) SA blocked. (B) Plots of logarithm of raw spot intensity data of oligonucleotide DNA sectors as a function of
concentration over the range 0.00l—l.0 pg/pl. (a) Unblocked. (b) BSA blocked, (c) SA blocked. .

salt contamination with TEB, was relatively hydrophilic.
Furthermore, the water contact angle at the silane-modified

surfaces [GPS (55°) and APS (74°)] are the most hydrophobic
followed by PAMAM (40°) and PLL (34°).

Atomic force micrographs were taken at a 2.0 um scan size
and presented on the 20 nm data scale of each of the surfaces
studied and are presented in Figure 9. Uncleaned Gold Seal
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‘ glass surfaces displayed surface features on the order of 20 nm.
Cleaning with the procedures used in this work (solvent and
RCA) increases these features to ~40 nm. These features

continue to be visible following surface modification with
organo silanes, suggesting that the organo-silane layers are not
very thick. These features are not evident on polished Schott
D263 borosilicate glass that was evaluated for comparison.
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DISCUSSION

Surface chemistry

Surface chemistry does not appear to be a critical factor

influencing spot intensity data of cDNA rnicroarrays.
Recalling that all cDNA were amine terminated and therefore

had the potential for direct chemical coupling to epoxy-
modified surfaces, the cDNA sectors displayed similar
spot intensities on epoxy-modified slides as were observed

on the arnine-modified slides, despite the difference in
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immobilization protocol (covalent versus non-covalent coup-
ling and UV cross-linking versus no UV cross-linking) and
variable density of surface amine functionalities. With respect
to the CDNA sectors, the main difference in performance
among the various surfaces was found in the magnitude of the

slide background intensities. Spot intensities were all quite
similar in magnitude at each spotting concentration across all
the different surface chemistries.

Surface chemistry appears to be more important for
oligonucleotide microarrays. Oligonucleotides were not
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Figure 5. (Previous page and above) Plots of the signal intensity (spot/background) as a function of cDNA concentration at the various microarray surfaces
employing: (A) unblocked, (B) BSA blocked, (C) SA blocked [(a) xy graph, (b) bar chart with standard deviation].

effectively immobilized on unfunctionalized surfaces such as

TEB-washed and RCA-cleaned surfaces and resulted in very
low spot intensities for both surfaces. Oligonucleotides were
likewise not as effectively immobilized on amine surfaces
(APS, PLL or DAB) when compared with CDNA on these

surfaces and oligonucleotides on the epoxy-modified surface.
Unmodified but cleaned (RCA) glass slides outperformed

all other surface chemistries except GPS with respect to
its background intensity. As a consequence, the signal
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(spot/background) from RCA and GPS slides was the highest.
Since spots on the RCA-cleaned surface showed good
circularity and uniformity (data not shown), had low CV

across the several spotting concentrations (Fig. 4Aa—c), had
overall low CV scores per concentration and were uniform
across their diameter and yielded high signal, we conclude that
RCA-cleaned glass slides presented the optimal surface for

printing cDNA microarrays. This assertion reflects spot
quality parameters but is likewise supported by production
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cost considerations. Because of the low background intensity
and "the low variability across the several concentrations, the
epoxy-modified surfaces presented the most suitable surfaces

for printing of oligonucleotide microarrays.

Background intensities

The background intensity was determined for each spot and
was defined within QuantArray as that region outside, but
concentric with, the designated circular spot. In this way,
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background intensity values capture the contributions of gross
spot- irregularities, spot smearing (comet-tails), the non-

specific adsorption of labeled target in the specific region of
the spot and any attenuation of the autofluorescence of the
glass in that region of the substrate. Amine-modified surfaces

yielded greater background fluorescence than epoxy-modified
or non-functionalized surfaces. Furthermore, epoxy—modified
surfaces had slide background intensities that were unaffected

by either SA or BSA blocking. SA blocking negatively
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Figure 6. (Previous page and above) Plots of the signal intensity (spot/background) as a function of oligonucleotide DNA concentration at the various
micronrray surfaces employing: (A) unblocked, (B) BSA blocked, (C) SA blocked [(a) xy graph, (b) bar chart with standard deviation].

impacted background fluorescence and spot quality of all
amine-modified surfaces. Conversely, background intensities
of amine-modified surfaces that were unblocked and BSA-

blocked performed better than corresponding SA-blocked
slides. The background intensity of unblocked, arnine-modi-

fied microarrays was ~2-fold higher than that of BSA-blocked,
amine-modified rnicroarrays. This testifies to the possible
value of BSA blocking on amine-modified surfaces. The
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consequence of this 2-fold difference in background intensity
between unblocked (~2000 counts) and BSA-blocked (~4000
counts) amine-modified microarrays was not great as the
BSA-blocked background was <4000 counts, and typical spot
intensities were >20 000 counts. The blocking strategy
employed was observed to have the least effect on the non-

amine surfaces, epoxy and RCA respectively. This leads to
three important observations: (i) blocking is not necessary for
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Figure 8. Bar chart showing contact angle measurements for the surfaces
chosen for this experiment using ultrapure water (light grey) and hexa-
decane (dark grey). Note that RCA-cleaned surfaces are comparably
hydrophobic compared with the functionalized.

amine surfaces but does reduce slide background when the
BSA blocking method is used, (ii) blocking on epoxy and
RCA slides produced no apparent reduction in background
intensity (Fig. 2A-C) -and (iii) SA contributes to high
background intensities, particularly when high concentrations
of DNA are spotted.

In summary, blocking with SA resulted in the overall

highest background intensity in the cDNA and oligonucleotide
sectors. BSA—blocked and unblocked microarrays performed

comparably, with BSA—blocked microarrays yielding about
one-half the signal intensity as the unblocked group for the
amine-modified surfaces. The non-amine surfaces were the

least affected by blocking method showing relatively constant
background intensity regardless of blocking method used.

Signal intensities

In this work, signal intensities were computed as the ratio of
spot intensity to slide background intensity. One anomalous
feature that negatively impacts background and spot quality is
the presence of comet tails, tapering streaks of hybridized
DNA originating from microarray spots. Various research_

groups have noted comet tails and their impact on signal
intensity (22,23, Oregon. State Microarray Laboratory: http://
www.cgrb.orst.edu/CSL/custom.pdf). These and other groups
have asserted numerous explanations for the presence of
comet tails, e.g. (i) shaking in the blocking solution should be

more vigorous, (ii) the spotting concentrations were too high
and (iii) there was rough application of the cover slip prior to
hybridization. In our experiments, only spots that ranged from
250 ng/ul to l pg/ul exhibited the comet tails. This supports
the notion that this feature arises from excessive spotting
concentration. However, this feature developed in conjunction
with our use of an automated hybridization station, eliminat-

_ ing the need for cover slips and thus suggesting that cover slip
application is not a particular cause. Moreover, comet tails

were found principally on microarrays that were blocked with
SA suggesting that the choice of blocking agent is an
important contributor to the development of this feature. The
finding that raw intensity values for cDNA sectors were not

surface chemistry dependent implies that all surfaces capture
the cDNA with similar efficacy. The principal difference is in
the amount of background fluorescence emitted by the various
surfaces.
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Figure 9. Atomic force" micrographs of chemically modified glass surfaces:
(A) GPS, (B) APS, (C) DAB, (D) PLL, (E) RCA, (F) TEB, (G) uncleaned,out of box.

Spotting concentration

Variations in the spotting concentration were aimed at

identifying the most suitable concentration for spotting of
oligonucleotides and cDNA under the aggregate conditions of
surface chemistry, blocking chemistry and method of fixation
used in this work. The slope of the signal versus concentration

plots is an indication of the dynamic range of the analytical
method. On each plot (Figs 5A—C and 6A—C) is shown the

. expected dynamic range curve. For the cDNA sectors of the
microarrays good agreement was found only between 0.01 and
0.1 ug/til on the BSA—blocked slides. The SA-blocked

microarrays did not produce agreement over any concentra-
tion range. When unblocked, the cDNA sectors of the

microarrays showed good agreement with the DR line only
on the GPS surfaces. The GPS surface likewise was the only
surface under BSA—blocked conditions to have good DR slope
matching between 0.01 and 0.5 ug/ul. All remaining signal
intensities plateau between 0.25 and 0.5 ttg/pl. We conclude ”
that when spotting cDNA the optimal spotting concentration is
between 0.1 and 0.5 pg/ul. The oligonucleotide sectors of the
microarrays showed very poor agreement with the DR line as
these were essentially flat as a function of concentration. This

we believe is the result of the washing away of excess

oligonucleotides from the surface during hybridization leaving
behind a finite adsorbed layer, the thickness of which is only
modestly influenced by surface chemistry but is dramatically
‘influenced by fixing method. Hence the GPS surface displays a
larger signal when compared with the amine-modified
surfaces (APS, PLL and DAB).

Spot quality and reproducibility

The coefficient of variation was greatest among cDNA sectors
of the DNA microarrays. The differences in magnitude of the
CV between cDNA and oligonucleotide sectors is likely due to
the inherent variability in the fixing methods that dominate
immobilization of these two types of DNA to surfaces. The
UV cross-linking reaction that dominates the fixing of cDNA
promotes inter— and intra—chain cross links that are formed in
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l the solid state. This is likely a highly variable and poorly
controlled reaction and so will give rise to considerable

variability from spot to spot. There appears to be no systematic
difference in this variability among spots of different cDNA
concentration, reinforcing the view that the variability is not
linked to the amount of cDNA deposited and is likely derived
from an extrinsic factor such as UV crosslinking.
Oligonucleotide sectors show considerably less variability.
This is likely due to the fact that a finite layer of adsorbed
oligonucleotides dominates the spot signal regardless of the
surface chemistry or concentration applied. Even when
covalently immobilized on GPS and displaying a larger signal
relative to other surfaces, the variability is still quite low. The
blocking with BSA creates the signal deviation in this case and ,

produces increased variability among oligonucleotide spots,
especially on GPS-modified surfaces. The source of the

variation was investigated by plotting the signal averages of
each sub—array, combined sub-arrays for a given slide, and all
sub-arrays on all slides. It was noted that the variability ,
remained essentially constant and was not simply a function of
the differences between individual spots, spots in sub-arrays or
groups of slides, rather it seemed to be intrinsic.

cDNA versus oligonucleotides

Overall, cDNA sectors yielded higher raw spot intensity
values (Fig. 4A) and higher signals (Fig. 5A—C) than
oligonucleotide sectors when spotted at the same concentra-

tion. Also, cDNA displayed higher spot signal variability
when compared with oligonucleotides. When studied over the

various surfaces, the raw spot intensities of cDNA spots were
more tightly distributed than those of oligonucleotides. That
is, for cDNA, the surface chemistry had less impact on the
magnitude of the spot intensity. Again, this reflects the greater
importance of UV crosslinking as a fixative over chemisorp-
tion as the immobilization principle.

Oligonucleotides showed the highest raw spot intensity,
lowest background intensity and consequently_ the highest
signal on GPS surfaces. The optimal spotting concentration
was found to be 0.1 rig/til (~10 t1M for a 30mer and ~5 p.M for
a 60mer). Similarly, cDNA showed the highest raw spot
intensity on DAB- and PLL-modified surfaces reflecting
strong interaction with arnine-modified surfaces. This is

particularly evident at low spotting
However, among the chemically modified surfaces, GPS
gave the lowest background, regardless of the blocking
method used. Because of this low background, GPS-modified
surfaces resulted in superior signal intensities for cDNA, being
better than either DAB- or PLL-modified surfaces. This does

not appear to be the"-contribution of covalent coupling of the
5’—amine—terminated cDNA to the GPS surface.

The differences between oligonucleotide and cDNA inten-

sity values for the same surface chemistry were greater over all
surfaces (~4—8-fold) except for GPS, where the difference was
~2-fold at 0.1 llg/].Ll. This is likely due to the difference in

immobilization chemistry, recalling that all surfaces except
GPS were cross-linked with 90 m.l/cmz of UV. However,
cDNA spotted on epoxy surfaces was similar in intensity to
cDNA printed on the amine surfaces suggesting that UV
crosslinking and epoxy—amine coupling immobilize a similar
amount of cDNA.
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UV crosslinking

On all amine-modified surfaces, intensity values for oligo-
nucleotide sectors were consistently >4-fold than the intensity
from corresponding cDNA sectors. For instance, at 0.1 ttg/p.l,
oligonucleotide sectors on PLL-modified surfaces showed

~4-fold less intensity than cDNA sectors. On APS-modified
surfaces this was ~5-fold less and on DAB-modified surfaces

this was ~8-fold less intensity. This trend was similar across

all concentrations of DNA. Spotting on the amine surfaces was
followed by UV crosslinking and baking. However, the GPS
surfaces did not undergo this fixation protocol. Spotted GPS
slides were incubated at 42°C for 8 h to promote amine-to-
epoxide coupling reaction and subsequently washed. The
cDNA sectors from these slides were also brighter, but by only
~2-fold. This seems to indicate that UV irradiationeffects the

fixing of cDNA differently than it does oligonucleotides.
"This explanation, however, does not fully account for the

magnitude of intensity difference observed between the amine
versus the epoxy surfaces. It should be noted that the cDNA

was ~600 bp in length, while the oligonucleotides were only
30 bases in length. It follows that there were fewer strands of

cDNA per unit volume than oligonucleotides, yet the intensity
was as much as 8-fold greater from cDNA sectors.

Theoretically, cDNA 600 bp in length can bind more than
one strand of labeled PCR product. Although our control for

non-specific DNA interaction (non-homologous genomic
‘ DNA) showed little to no intensity, non—specific interaction
could have possibly added somewhat to the spot intensity. In

‘addition, the intensity disparity between oligonucleotides and
cDNA could be a consequence of a lower hybridization
sensitivity of 30mer oligonucleotides compared with 600 bp
cDNA when labeled PCR product is used as the hybridization
target.

The potential for covalent coupling of the amine-terminated
primer—den'ved PCR product to GPS surfaces did not influence

the performance of cDNA.-UV cross-linking was a more
significant fixative then covalent coupling for cDNA. It is
noteworthy that UV-treated slides all displayed higher back-
ground intensities relative to the un-irradiated slides, which
had_low background intensities (GPS). UV irradiation is well

known to bring up color centers within glass (24). This
enhances autofluorescence of the substrate, increasing its
background intensity.

GPS surfaces offer the greatest versatility for DNA
immobilization. These surfaces offer high signal values with
amine-terminated oligonucleotides and confer superior signal
to cDNA. In the former case this advantage arises when
covalent coupling of the oligonucleotide to the surface is

promoted with the use of arnine-functionalized oligonucle-
otides. In the latter case, this advantage arises because of the
generally lower background intensity of the substrate as UV

crosslinking is rendered unnecessary and so exposure to UV
does not bring up the autofluorescence centers within the

glass. Blocking as an approach to reduce non-specific
adsorption of labeled target is not required or necessary.
Where blocking must be pursued, BSA confers the lowest
background intensity values and represents some modest
improvement of the unblocked condition. SA provokes comet
tail formation, particularly at higher spotting concentrations,
and should be avoided. The most appropriate spotting
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concentration on_ GPS surfaces was found to be 0.1 pg/ttl
(10 ttmol) for oligonucleotides and between 0.01 and 0.1 11g/111
for cDNA.'
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Abstract Based on the standard phosphoramidites chemistry protocol, two oligonucleotides syn-
thetic routes were studied by contact stamping reactants to a modified glass slide. Route A was a
contact coupling reaction. in which a nucleoside monomer was transferred and coupled to reactive
groups (OH) on a substrate by spreading the nucleoside activated with tetrazole on a
polydimethylsiloxane (PDMS) stamp. Route B was a contact detritylation, in which one nucleoside

was fixed on the desired synthesis regions where dimethoxytrityl (DMT) protecting groups on the

5 ’-hydroxyl of the support-bound nucleoside were removed by stamping trichloroacetic acid (TCA) "
distributed on features on a PDMS stamp. Experiments showed that the synthetic yield and the
reaction speed. of route A were higher than those of route 8. It was shown that 20 mer o|igonucleo-
tide arrays immobilized on the glass slide were successfully synthesized using the PDMS stamps,
and. the coupling efficiency showed no difference between the PDMS stamping and the
conventional synthesis methods. ‘

Keywords: PDMS stamps, contact coupling, contact detritylation. oligonucleotide synthesis.

Oligonucleotide arrays attracted much attention in the past decade. which have been proved
to be the ‘powerful tools for monitoring gene expression, resequencing genes to screen for muta-
tions and polymorphism by hybridization‘''”. The preparation of the oligonucleotide microarray
can be generally classified into two different methods. One is to synthesize each oligonucleotide
separately and spot each probe on the solid chip surface. The other is to directly synthesize the
different oligonucleotide-probes on the chip surface at the same time. Several on-chip synthesis
methods of oligonucleotide arrays have been reported”''“. For example, Fodor et al.'“ developed
light-directed synthesis for the construction of high-density DNA probe arrays by using photo-
lithography and solid-phase DNA synthesis. Affymetrix Corporation has achieved probe arrays
with high spatial resolution. Our group has proposed an on-chip synthesis technology to fabricate
the oligonucleotide arrays based on the molecular stamp and conventional DNA synthesis
methodm’. Molecular stamp technology can also be called soft lithography initially developed by
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1 Experimental

1.1 Principle of the molecular stamp method

The basic strategy. for the molecular stamping oligonucleotide synthesis_accords with the H
standard phosphorarnidites chemistry protocol[9"°’, as illustrated in figs. 1 and 2. Two synthesis

' routes including the contact coupling and the contact detrityiation wereput forward together. In '
the former route, according to the order of A, G, C and T, the mixed acetonitrile solution with nu-

lcleoside monomer and tetrazole as reactants was spread on features of the PDMS stamp, then‘
transferred onto the modified substrate surface by stamping until acetonitzile was vaporized nearly
to dryness, therefore the nucleoside monomer on features of the stamp was coupled with the

DMTO O B

‘ ~ R=H or HO 0 3

. O p

I - ~ B=A or G.C,T
0= P -_OC‘H_.CH,CN

o o ’

j\/ 8
(4) Detritylation Rogvvvvv-v1‘mi-:i:—-wb

Solid substrate

0

(3) Oxidation

’\

DMTO“Wu
0

ll: - 0CH,CH,CN
I
0

Synthesis begin

\
DMTO  

_ jPr:N-— p — 0CH,CH,CN

O —r-vvvvv-1 Phosphoramidite

Fig. l. Sclxc:n::xic illustration of solid-phase oligonucle-otide in :im synthesis.
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 (a) (b)

Fig. 2. Schematic illustration of a Contact stamping reaction. (a) Stamp. (b) spreading reagents. (c) Contact stamping,
(d) reactants bonding on the substrate. '

predefined regions on the substrate. According to the above-described details, all different nucleo-

sides (A, G, C, T) were coupled respectively on their predefined regions by changing different
stamps and their corresponding monomer. Next, oxidation. capping, and detiitylation conducted

successively in a sealed reactor after four contact couplings completed. The four reactions (oxida-
tion, capping, and detritylation followed four contact couplings) comprise a cycle, by changing

different nucleoside monomers and its correspondingstamp, the cycles were repeated until the

predefined oligonucleotidc arrays were synthesized. Accordingly. 20 met oligonucleotidc arrays

require 80 PDMS stamps and-each stampihas specific features. In the second route, reactants

spreading on the stamps were TCA in CHCI3. Consequently, DMT groups were removed and 5 '-

hydroxyl groups were created on the stamped regions. While other regions of the substrate re-

.mained inactive since they were still blocked with DMT groups. After each detritylation was

completed, the excessive TCA.reagent was violently washed away with acetonitnle. The corre-

sponding nucleoside was coupled on the detritylated region, and the followed detritylations and

couplings were conducted on different regions of the substrate byvselecting stamps with different

features. In this case one-layer nucleosides must conduct four contact detritylations and four cou-
plings. Then oxidation and capping were conducted in a sealed reactor. As the above-described

process, oligonucleotidc arrays were synthesized until all nucleosides of oligonucleotides were

coupled.

1.2 Materials and methods

Fluorescein phosphoramidite (fluoreprime and fluoremonomer), 5'-DMT-2'-deoxynucleo-

side phosphorarnidites (thymidine, N4-isobutyryl-2'-deoxycytosine, N2-isobutyryl-2'-deoxyguan-

osine, N6-phenoxyacetyl-2'-deoxyadenosine). the other synthesis reagentsiand solvents except

oxidation agent (see table 1) were purchased from PE Biosystems. The glass substrates used for‘
the coupling reaction were standard “precleaned” soda lime microscope slides purchased from the

local stores. The commercially available polydimethylsiloxane was obtained from Hangzhou Sili-

cone Rubber Plant. Other chemical reagents were analytic grade and purchased from the local
SIOICSX

1.2.1 The modification of the glass slide'”’. A general sodium silicate glass slide was treated

in H3804-K3Cf2O7 solution for 24 h, and strongly washed with tap water and distilled water, then

immersed in 5% 3-aminopropyltriethoxysilane with CI-l3Cl for 5 min, washed successively with
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CH3CHgOCH2CH3, CH3COCH3, and anhydrous ethanol, and dried at 1l0'C for 30 min. The slide _ ’
was treated with 5% glutaradehyde in phosphate buffered saline (PBS) (pH = 7.4) for 2 h, 10%
NI-lzC2l-1..OH for 2 h, and NaBH4 solution _for 15 min at ambient temperature respectively. The
modified glass slide‘ was dried at 110C for 30 min for oligonucleotides synthesis.

1.2.2 Preparation of the PDMS stampsm]. Motherboards of stamps were madenby lithography.
as described elsewhere. By casting a mixed prepolymer including catalyst, ethylenesilicate, and
polydimethylsiloxane onto the motherboard whose surface had been lithographed, removing the
bubbles in the prepolymer, and then covering the silanized glass slide on the mixed precursor, the
sandwiched prepolymer was left to cure. After that, the motherboard was peeled off from the elas-
tic cured polymer, so the stamp was fabricated. Then it was plasma-treated until hydrophilic sur-
face formed, and the stamp could be further used for oligonucleotide synthesis.

1.2.3 Oligonucleotides synthesis. The synthesis was conducted in a glove-box (Mecaplex;
Switzerland) as detailed in table 1, and the concentrations (by volume) of H30 and O3 in the
glove-box were below 0.0002% and 0.00l5% respectively. Two kinds of oligonucleotide se-
quences, were synthesized, one was poly T(,., (n is the number of base),and its final nucleoside was

fluorescent deoxynucleoside phosphoramidite; the other was 3 '-GGA CTC TCT GAA TCG GAG
GA (t>3¢).'

_ ' ’ , Tixble I . Conditions ofoligonucleolide synthesis .

Step Reagents or solvent . ~ Time/s . - . 

 

Washing . acetonitrilt-—__———_ 50
Coupling 0.! mo! - l." plIt).\'pllUl':lt1lldilE + 0.5 mol - L" Ietrazole in acetonitrile ' 100

Washing - acuttuti::‘I:: . 30

Cupping (l+lI) . Ac;O/pg.-rétlinc/N-methylimidazole in THF ‘ 30
Washing acetonitrile 30

Oxidation 0.1 mol - 3,." l 3/ Ac;Ct.’ »‘.cOH/ pyridine fl'HF 30

Washing , acetonitzétu ' 100'

* Detrilylation 3¢zv':r:-. :~ CHCI.» ' 50

1.2.4 The deprotection, lg,-'..—.ldiz:ttio.1 and detection of synthetic oligonucleotides, After the
synthesis completion, the gl:x.-1.‘: slide w;_-s shaken in a mixed solution of ethanol and ethanol amine

(vol/vol=l) in a sealed box :3 7'.5'C fir‘ ? h for deprotection. Then it was washed with distilled

water and dried by cold ‘s.‘:;. I tg befnrc Cictuclion or hybridization. Oligonucleotides or oligonu-
cleotide arrays were hyl:.:'i~ f in i‘_t’.‘O nmol/L 5'-CCT_ GAG AGA CTT AGC CTC CT-FAM

probe solution at 55'C for l.:' n in zinc 1.-_\-hridizrttion chamber, and then rinsed with 0.1% sodium

dodecyl sulfate (SDS) in 6 .7’. .“..‘C (.»:o~‘i;-.::n chloride/sodium citrate buffer), 0.1% SDS in 0.1 X SSC

respectively. The fluoresccnc .- 5‘i;;tt:t.l of surface was imaged by a scanning laser confocal fluo-
rescence microscope (TC.‘S/fl-". Lrziczz. ".3-trmpnny) and its fluorescence intensity was dealt with

Page 95 of 137 ’



Page 96 of 187

446’ _ ' SCIENCE IN CHINA (Series B) ‘ -‘I '-voi.42::‘:“_.c. I ,- 

software downloaded from Scion. Corporation. Because the relation ofathe-fluorescencejntensity

to the density"of_oligonucle§itides was not clear in our current work,‘ the fluorescence intensity ra-
tio of synthetic;regionsitopnon-synthetic regions 'was‘dc_fitt_e_d as. a,.relative_ fluorescenceintensity
(RFI) to provide a.mg:_as_u_re_ of the coupling efficiency orV_rel"at:edis,_ynthesis yield.

' M.-_.~-'-
2 Results and ii?§‘c‘ii§§i*6ir"“"

2.1 Contact stamping reactions on the modified glass slide
Two routes were put forward and investigated to explore the feasibilityof contact stamping

reactions for oligonucleotide synthesis. Advantages and shortcomings of the contact coupling and

the contact detritylation were described as follows: The contact coupling route had a shorter syn-

thesis than the contact detritylation method, and each cycle consisted of four contact ‘couplings, a

capping, an oxidation and a detn'tylation.- Reactants spread onfour stamps were four different nu-

cleoside monomers. While the latter route requires only one reactant spreadon features of differ-

ent stamps,'as each cycle consists of four contact detritylation, four couplings, a capping and an

‘oxidation. and it requires more complicated procedures. Figs. 3(a) ‘and (b) are the fluorescence

images of ‘sequence Tm-FAM synthesized by the contact coupling and by the Contact detritylation,

and their RFI values are 19.6 and 11.7 respectively. It is‘ clearly shown that two routes of the con-

tact stamping reaction are feasible. However, the RFI value of oligonucleotide synthesized by. the

contact coupling was ‘greater than that by the contact‘detn'-tylation. showing that the former cou-

pling efficiency is higher than the latter. which could be explained by the nature of those reactions.
‘The coupling reaction is quantitative and rapid, whilethe detritylation is a equilibrium reaction
which could not be conducted completely without acidic reagents nnsingmfll. Moreover, the

contact detritylation procedures are more complicated than the contact coupling practically.

Therefore, the contact coupling route was chosen for oligonucleotides synthesis.

 
Fig. 3. Laser confocal fluorescence microscopy images of poly T on-chip synthesized by contact stamping reactions. (a) and (c)
Contact coupling (T.;,¥FAM): (b) Contact detrilylation (_Tt:u.-FAM). '

The influence of contact stamping times on the synthesis efficiency for the contact coupling

route was investigated. The experiment shows that the efficiency and its intensity uniformity for

double contact stampings are better than stamping once; while stamping three times or more, the

efficiency is not improved significantly in comparison with double contact stampings. As a result,
double contacting stampings were employed for each nucleoside lengthening.
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VAn experiment was developed to explore
the contact coupling efficiency, in~which the

V terminal nucleosideawas coupled (to 5 '-hydroxyl

groups ) and oxidized without succeeding cap-

ping and detritylation , then an FAM-labeled

' nucleoside was coupled to the uncoupled

5'-hydroxyl groups. Naturally, the "fluorescence"
 

signal could be observed and measured with the 0 ' 2 4 5 3
addition of ' FAM-labeled nucleoside as long as Th‘ numbcrof ploy T‘ ‘

Fig. 4. The relation of average RF] of four parallelthe former coupling was not fully completed.
' examples with the number of play T.The greater the RFI, the poorer the contact cou-

pling efficiency. As shown in fig. 4, the RFI value equals 1 when the sixth nucleoside is‘ coupled.
The result indicates that the coupling efficiency is nearly 100% after the sixth nucleoside coupling;
it also indicates that the valued 5.64 of the synthesized sequence Tao,-FAM in fig. 3(c) was

' contributed by the correct 20'mer oligonucleotides rather than the: failed oligonucleotide frag-
ments.

2.2 The effect of contact printing on the synthetic yield _
I On the different regions of the ‘same slide, the same sequence oligonucleotides were synthe-

sized by using the contact coupling and the directly drip—dropped coupling. The fluorescent mi- '

croscope images of two methods show no significant differences between figs. 5(a) (RFI valued

5.64, i.b.i.d) and (c) (RFI valued 5.90) of Tao,-FAM sequence or figs. 5(b) (RFI valued 3.91) and

(d) (RFI valued 3.87) of Pzc sequence. ‘These results indicate that the effect of contact printing on.
the synthetic yield is little,’which.is because reactants of the contactcoupling were quasi-solid

phase and their consistencies were more concentrated, thus the speed, was faster than that of the
direct coupling although reactants of the later had more capacity.

 
Fig. 5. Laser confocal fluorescence microscopy images of 20 mcr oligonucleotides in silu synthesized. Contact cou-
plings: (a) Tun,-FAM: (b) Pzc; direct couplings: (c) T130;-FAM§ (d) Pzc.

. 2.3 Synthesis of oligonucleotide arrays

Oligonucle_otide arrays with the two same sequences Tao,-FAM and Pgc were synthesized by

using the molecular stamp method and the fluorescence images are shown in fig. 6, features in
fig. 6(a) are round with the diameter of 3.0>< 10's m, and 1 cmz-sized chip arrays had 65536 fea- -
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Fig. 6. ‘Laser confocal fluorescence microscopy images
of oligonucleotide arrays. (a) Tao,-FAM: (b) P15.

Vol. 44
 

.tures; while features in fig. 6(b) of Pzc are

9.ox1o'5mx9.o><1o"m rectangle anal
crn2- sized chip arrays had 10000 features.

. The fluorescence signal was contributed by

‘ the full 20 mer oligonucleotide of the

Tag),-FAM sequence as a result of capping

process in synthesis, which gave the evi-

dence that the total efficiency ‘of on-chip

synthesis for 20 mer DNA sequence was

satisfied. The hybridization result for Pzc array gave the same conclusion.
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Abstract

A photothermal method to recover specific DNA fragments fixed in place on a DNA chip is described. This method uses infrared (IR)
laser irradiation to thermally denature and release specific DNA immobilized in a specific area of a chip. A 1053-nm IR laser beam with
an intensity of 10-100 mW is focused on the target area at a resolution of 10 um, and the DNA fragments are released from the chip
surface. We have demonstrated that DNA fragments containing different numbers of base pairs (23 1-799 bp) fixed in place on the DNA
chip can be separately recovered. There are enough quantities of recovered DNA fragments that can be amplified by using polymerase
chain reaction (PCR). The photothermal method coupled with the DNA chip can therefore be used in highly sensitive purification of DNA
and will have many applications in the DNA chip technology. ©2000 Elsevier Science S.A. All rights reserved.

Keywords‘: DNA chip; Photothermal denaturation; PCR; Infrared laser

1. Introduction

The purification of DNA fragments from living cells is

a fundamental process in molecular biology and molecular

diagnosis. We usually prepare a DNA library constructed

from cloned DNA [1]. The cloning method is suitable for

preparing a large number of DNA fragments, but is very
laborious and time-consuming because of its cultivation

processes. Nowadays, molecular biology is moving very

rapidly towards the stage of functional genomics in which

rapid preparation of different parts of genes will be re-

quired [2]. If a DNA library is constructed on a chip and
any kind of DNA can be individually recovered from the

" Corresponding author. Tel.: +8l—423-23-llll; fax: +8l-423-27-
7833.

E-mail address: okano-k@crl.hitachi.co.jp (K. Okano).

chip, the DNA chip will become a very useful method and

will change the way DNA-related experiments are done.

DNA chip technology in molecular biology has made

rapid progress over the last 10 years [2—l1]. Several
approaches have been developed for producing DNA chips
of different formats. In 1991, Fodor et al. [3] succeeded in

making the microchips by phctolithography on a solid

surface. A chip containing 65,000 diflerent 20-mer oligo-

nucleotides of defined sequence in an area of 1.6 cm2 was
reported in 1996 [2], and it is now possible to assemble

150,000-300,000 oligonucleotides on one microchip [6].
Presynthesized oligonucleotides can be immobilized on a

solid surface [5,7,8] or into a gel element fixed on a glass

plate [9,l0] by spotting the oligonucleotides. Any DNA

produced by chemical syntheses, cloning, and polymerase
chain reaction (PCR) can be immobilized on the mi-

crochip. The gel-fixed microchip has a high capacity for
immobilizing oligonucleotides: 50 fmol of oligonucleo-

tides“is immobilized per microchip element of size 40 X 40

um’. This is more than 100 times higher than immobiliza-

0925-4005/00/S - see front matter © 2000 Elsevier Science S.A. All rights reserved.
PII: S0925-4005(99)00489-X
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tion capacity of a plane glass surface, and this high

capacity increases the hybridization velocity and the dy-
namic range. DNA microchips have been applied for gene

expression analyses [5,1]] and detection of single-nucleo-

tide polymorphisms (SNPS) [6]. Matrix-assisted laser des-

orption/ionization time of flight (MALDI-TOF) mass

spectrometry coupled with a DNA chip presents a new

strategy for DNA analysis; it can analyze DNA extremely

quick [12]. The oligonucleotide chip in reference [13] is
very promising because the chip has a structure to control
the hybridization by an electrode addressing each element

of the chip. The DNA strands in a sample solution can

quickly approach the probes. immobilized on the chip
surface. These DNA chip technologies, however, are

mainly used in devices for analyzing a large number of

DNA fragments, not for separating and preparing DNA

fragments for further applications. A serious problem to be
overcome in DNA separation applications is how to indi-

vidually recover the DNA into aqueous solution from each

small area on the microchip surface where DNA fragments

are trapped.

Consequently, we developed a DNA preparation method

that uses a photothermal approach to recover specific DNA

fragments trapped on a chip surface. We found that the
recovered DNA can be amplified by PCR and be subse-

quently characterized by further analysis. It is concluded

that the developed method has a high potential for charac-

terizing expressed genes and analyzing the differences

between genes by using DNA chip.

2. Principle

The DNA preparation method is based on the fact that

the stability of double-stranded DNA is highly dependent

on temperature. As most double-stranded DNA fragments
are denatured at 90—95°C, DNA hybridized with DNA

DNA probe

 
 
 
  

 

lluoropliore '

sample DNA

elutlon butler

; DNAsupporl V
(crlayer)

10-100 mW
laser-beam(1053 nm) I '

probes fixed in place on the chip surface can be released

by thermal denaturation. The temperature of the chip sur-

face is locally elevated by irradiating a small metal-coated
area with an infrared (IR) laser beam as schematically

shown in Fig. 1 [14].

The method consists of five processes: (1) hybridizing

reaction of sample DNA fragments with probe DNA fixed

on the chip surface; (2) washing the chip surface to

remove non-specific DNA species; (3) heating a small
metal-coated area on the chip by IR laser irradiation to

extract specific DNA from the chip surface; (4) collecting
the released DNA; and (5) repeating of steps (3) and (4) in

order to recover multiple DNA fragments fixed on the

chip. This method of photothermal denaturation using an

IR laser and a DNA chip rapidly extracts DNA fragments

from the chip surface because’ it does not require any

cloning procedure or electrophoretic separation.

3. Experimental

3.1. DNA samples preparation

The DNA samples were prepared by the method previ-

ously reported [15] as disclosed below. A half picomole of

amplified human genome fragments (8.7 kb, supplied by
the Human Genome Center, Institute of Medical Science,

University of Tokyo, Japan) was digested with 40 units of

Hsp92II (Promega, WI, USA). The restriction fragments
(400 frnol) were treated with alkaline phosphatase and

ligated by 1400 units of T4 DNA ligase (Takara) with 80

pmol of adaptor (5’-pACTGGCCGTCGTTT-3’) supported

by 32 pmol of 5’-AAACGACGGCCAGTCATGp-3’. The

phosphate residues were introduced into the 5’- and 3’-ends

in order to prevent oligomer—oligomer ligation. The prod-

ucts ligated with the adaptor were purified with QIAquick

' released DNA

recove ry ol

released DNA

Fig. 1. Schematic illusuation of DNA release from a DNA chip by using photothennal denaturation. The DNA hybridized with probe DNA fixed on a solid
support can be released by a laser beam (1053 nm, 10-100 mW).
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Spin Column (Qiagen, Hilden Germany) to eliminate free
oligomers.

By using Taq DNA polymerase (0.625 units, Amer-
sham Pharrnacia Biotech, Amersham, UK) on a 50-ul

scale, the fragments ligated with adaptor (50 amol) were

selectively amplified by PCR with primer pairs (10 pmol).

The primer pairs (from Sawady Technology, Tokyo, Japan)
were 5'-(sulforhodamine-10l)-AACGACGGCCAGT-

CACGNN-3’ and 5’-NH2-AACGACGGCCAGTCACGN-
N-3’. Here, N is any one of the four deoxynucleotides for

discriminating a complementary DNA fragment by PCR

[15]. The thermal cycling reaction was carried out 35 times
at 94°C (30 s), 62°C (30 s) and 72°C (60 s). The six

products of this amplification were checked by elec-

trophoresis using a 2% agarose gel followed by staining

with 0.5 ug/ml ethidium bromide. They were analyzed by

a FM-Bio 100 fluorescence image analyzer (Hitachi Soft-

ware Engineering, Tokyo, Japan). The PCR product lengths

were 779 bp (a pair of primers with discrimination se-

quences NN: AA and TC), 619 bp (NN: CG and TG), 411
bp (NN: GT and TA), 270 bp (NN: CA and TT), 231 bp
(NN: CC and TT) and 179 bp (NN: AA and GT).

3.2. Preparation of the DNA chip

DNA was immobilized on a glass chip (45 X 25 X 0.4

m3) coated with 6-nm-thick chromium. The chip with
the chromium surface was modified with 3-g1ysidoxypro-

pyltrimethoxysilane to introduce the active residue and to

fix double-stranded DNAs (PCR products) on the surface.

The PCR products had an amino residue at a 5’-terrninus of

one strand and sulforhodamine-101 fluorophore at a 5’-
terminus of the other strand, so that it was fixed on the

chip surface through their amino residue. The chip was
sonicated in 1 M KOH aqueous solution, washed with

H20, and with 50% ethanol to clear the surface. After this
pretreatment, the chip was dried for 30 min at 110°C, then

dipped in neat 3-glysidoxypropyltrimethoxysilane for 15

min at 25°C followed by treating the same reagent (2%)

diluted with 50% ethanol aqueous solution for 30 min. The

chip was washed with 50% ethanol and dried at 110°C for

30 min to obtain a glysidoxy-activated chip. A solution of

the DNA (10 p.M) dissolved in 0.25 M carbonate buffer

(pH 9.5) was dropped onto the glysidoxy-activated chip by
a pin array coupled with Biomek 2000 Laboratory Au-

tomation Workstation (Beckman). Pipette was also used to

make DNA chip; in that case, 0.2 ul of PCR products was

dropped on the glysidoxy-activated chip. The chips are

incubated at 50°C for 10 min in moisture atmosphere then

kept at room temperature for 15 min. The remained active

residues were blocked with Lys (0.1 M) dissolved in 0.25

M carbonate buffer (pH 9.5). The prepared DNA chips

were stored in 20 mM of Tris—HCl (pH 7.5) containing 2

mM ethylenediaminetetraacetic acid (EDTA). The fixed

DNA was easily detected by fluorescence imaging under a
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confocal scanning microscope (LSM-200, Olympus,

Tokyo, Japan).

3.3. Recovery ofDNA by photothermal denaturation

The DNA chip was overlaid with 25 ul of 20 mM

Tris—HCl (pH 7.4) containing 2 mM EDTA. The laser

(1053 nm, 10-100 mW on the surface of the DNA chip)
was focused on the surface of the chip and about 20 ul

drop of solution from the laser-irradiated area was col-

lected in a vessel. A part of recovered DNA (3 ul) was

amplified by PCR to check the DNA. The PCR was

carried out using a primer (GTAAAACGACGGCCAGT).
The amplified products were analyzed by electrophoresis

using 2% agarose gel followed by staining with 0.5 ug/ml

ethidium bromide. The electropherograms were visualized

by a fluorescence image analyzer (FM-Bio 100, Hitachi

Software Engineering, Tokyo, Japan).

4. Results and discussion

We made a DNA-arrayed chip as shown in Fig. 2. Each

of the six different PCR products was immobilized along

separate rows of a 6 X 6 grid. The photo shows a part of

the DNA chip. The fluorescence from one spot clearly

disappeared through IR laser irradiation, whereas the fluo-

rescence from the untreated spots could be detected. This
result indicates that the DNA from a small area was

specifically released.

We then experimentally clarified the characteristics on
how DNAs were released from the chip. As shown in the

fluorescence image of Fig. 3, the fluorophore-labeled DNA

(619 bp was immobilized at the fluorescent area on the

chip) was removed from the irradiated region and the
neighboring area. Bubbles were sometimes observed in the

irradiated area, indicating that the solution temperature in

the focused region could rise above the boiling point of

water. The high temperature enabled the release of a DNA

strand hybridized on its complementary strand fixed on the

chip surface. It was possible to release the hybridized

DNA from a 43-um-wide denaturation area by 50 mW.

However, the chip surface was partially damaged by the IR
irradiation at this condition. The chromium came off the

glass plate (the darkest area at the center on line a—a’ in

Fig. 3), which could be easily observed by a phase-contrast

microscope. Therefore, we optimized the laser power to

release and recover the hybridized DNA from the chip

surface. The fluorescence intensity at the small area of the
laser-irradiated surface was measured in order to estimate

the relative amount of denatured DNA. The hybridized

DNA was released by the laser power ranging from 10 to

100 mW, as shown in Fig. 4 line A. More than 80% of the
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Fig. 2. Parts of fluorescence photographs of a DNA chip. The DNAs of 41 l, 270, and 231 bp were arrayed at lines 1-3 of each of column from a to d.
Photograph A is the DNA chip before IR irradiation and photograph B is the same chip after IR irradiation at 10 mW. The IR laser-inadiated area was ld.

Laser-irradiated area

DNA-denatured area >

DNA-immobilized area
I

 

Fig. 3. Laser denaturation of a hybrid complex of sample DNA and probe DNA on chromium solid support (fluorescence image afier laser irradiation). The
fluorophore-labeled sample DNA disappeared from the small area on the solid support after laser irradiation. Intensity profiles at the a—a’ line under
various laser powers are depicted in Fig. 4.
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0- 2o 40 so so‘ 100

Laser power (mw) 2

Relativefluorescenceintensi
Fig. 4. Relative amounts of denatured DNA at different laser powers. The
fluorescence intensity in the DNA—re|easing area was measured from a
fluorescence image as a relative amount of denatured DNA. The closed
circles 0 (line A) and open circles 0 (line B) show the fluorescence
intensity in the DNA-denatured area and the chip—darnaged area, respec-
tively. The chip-damaged area, which was identified by phase-contrast
microscopy, is the darkest area and the DNA-denatured area is the
neighboring darkest area in Fig. 3. The same chip was treated with a
fluorophore-labeled oligomer in order to rehybridize with the probe DNA
on the chip surface, and the relative fluorescence intensity (A, line C)
was measured. The chip surface was not damaged at a laser power of 10
mW.

DNA was denatured and released from the chip surface by

laser irradiation. It was possible to release the hybridized

DNA by 10 mW light without damaging the chromium

surface. However, the chip surface was partially damaged

by the IR laser irradiation at a power of 25 mW or higher

(line B). To prove that the DNA probe (or released DNA)

was not damaged in the neighboring area of chromium-

damaged area, we dropped a solution of fluorophore-

labeled single-stranded DNA (60 base length) onto the
surface. As shown by line C in Fig. 4, the previously

denatured area was completely rehybridized with the fluo-

rophore-labeled single-stranded oligomer DNA (60 base

length), which hybridizes with a sequence near the 3’ end

1234567

  Fragmentlength(bp) st0'! D

Fig. 5. Electropherograms of PCR products. The templates‘ are fragments -recovered from the—lR'laser-irradiatedichip (lanes 9-13), intact immobilized
PCR products prepared from a mixture of DNA fragments (lanes 2-6), the mixture of DNA fragments (lane 7), and a marker (lanes 1, 8, and 14).
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of the immobilized DNA strand. This shows that the DNA

probe immobilized on the chip surface was not damaged

after IR laser irradiation, because the 60 base length DNA

could only hybridize to an intact DNA immobilized on the

chip surface.

The recovered DNAs released from five different spots

on one chip surface by a 10-mW laser were amplified by

PCR. As shown in Fig. 5, one main product was detected

in every electrophoresis of recovered DNA (lanes 9-13).

The lengths of the products recovered from the DNA chip

were about 800, 600, 420, 270, and 230 bp, respectively.

They were the same as the intact immobilized DNA (lanes

2-6). Thus, the electropherograms show that the recovered

DNA having different numbers of base pairs can be used

as a template of PCR amplification. If the released DNA

were damaged by the IR laser, the amplified products
would not be obtained.

Some extra bands appeared in the electropherograms of

recovered DNA. The immobilized DNA were prepared by

the PCR using 5’-AACGACGGCCAGTCACGNN-3' from

a mixture of DNA fragments depicted in lane 7. All the

fragments have the common sequence of AACGACG-

GCCAGT at both their 3'-terrnini. The PCR products in
lanes 9-13 were amplified by using a common sequence

primer. Since both the immobilized DNA and contami-
nants can be amplified with a common primer, there were

some extra products in the electropherograms.

5. Conclusions

We have experimentally studied the characteristics of

photothermal release of DNAs from a DNA chip. The

DNA chip technology will allow separation of many dif-

ferent DNA fragments in one step. The procedure devel-

oped in the present study for releasing specific DNA

fragments from the DNA chip has great potential in the

8 91011121314'5



Page 104 of 187

K. Okana et al. / Sensors and Actuators B 64 (2000) 88-94 93

field of DNA preparation and purification. In general,

hybridization reactions occur between not only comple-

mentary strands but also strands having similar sequences.

The hybridization reaction is carried out at uni-condition

because each probe element on the chip is too small to

independently control the hybridization condition, e.g.,

annealing temperature and salt concentration. This is a

drawback of the DNA chip because non-specific hybridiza-

tion of similar DNA sequences with DNA probes on the

chip frequently occurs. However, we consider that it will

be a merit to analyze rapidly many kinds of DNA frag-

ments because the chip elements can group the fragments

according to the similarity of their sequences. Our photo-

thermal method makes it possible to further analyze once

the trapped DNA fragments on the chip elements. The

DNA chip, coupled with photothermal denaturation, will

work at searching DNA fragments of similar sequences

(e.g., making a wholesale detection of DNA super family)
to the best of its ability.

Molecular biology is rapidly approaching the stage of

functional genomics. The screening of total gene expres-

sion profiles and the analysis of genome differentiation of

species have become major research fields. A preparation
method that enables separation of DNAs based on differ-

ences in expressed messages or in genomics will become

more important. Our photothermal releasing procedure

coupled with the DNA chip will have great potential in
this field.
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I, Alexander A. Waldrop, Ill, hereby declare as follows:

1. Since 2000, I have been the sole proprietor of my own start-up company

having a principal place of business at the Center for Environmental Enterprise

(CEE), South Portland, Maine.‘ My present research work focuses on acridine

compounds, such as 9—acridinecarbonylimidazole (AcriGlowTM 301), for use in

chemiluminescent assays for medical and environmental diagnostics. My

professional experience includes research at several organizations, including Maine

Medical Center Research Institute, South Portland, Maine (1994 to 2000), IDEXX

Laboratories, |nc., Westbrook, Maine (1992-1993), and Gen-Probe, |nc., San

‘ CEE is a private, non-profit organization funded by the State of Maine as a business incubator.

Located on the campus of Southern Maine Community College, CEE helps new and young firms like

my own to commercialize technologies in the environmental field.
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Diego, California (1985-1992) as described in my curriculum vitae (cv).2 Over the

past several years I served as a consultant for companies such as Brims Ness,

Capricorn Products, Inc., Maine Standards, and Enzo Biochem, Inc.

2. My education and research experience are listed in my cv. I received my

bachelor of science degree (B.S.) from the University of Virginia in 1970,

graduating with high distinction (magna cum /aude). In 1977 I received my

doctoral degree (Ph.D.) in biophysics from The Johns Hopkins University,

Baltimore, Maryland. While at Johns Hopkins, I trained in the Department of

Biophysics as a pre-doctoral fellow in the laboratory of Dr. Michael Beer from

1970-1977. I developed multiple heavy atom stains for electron microscopy of

nucleic acids. My doctoral dissertation was titled "Chemical Studies of

bis(Pyridine)osmate(Vl) Esters and the Mercury Enhancement of Osmium Labelling

of PolynucIeotides" [Dissertation Abstracts International §_§ (1 1—B):5354+ (194

pp.) (1978)]. As a postdoctoral fellow, I worked in the laboratory of Dr. David C.

Ward at Yale University, New Haven, Connecticut from 1977-1980. While at Yale

I used reactions with heavy metal intermediates to synthesize detectable non-

radioactively modified nucleotides. I contributed to the discovery that these V

modified nucleotides could be incorporated in vitro into nucleic acids for use as

non-radioactive nucleic acid probes. This discovery led directly to the development

of several non—radioactively modified nucleotides and nucleotide analogs which are

used for in situ gene and nucleic acid detection. These modified nucleotides and

nucleotide analogs and their use in detection processes are described in several

U.S. patents (Nos. 4,711,955; 5,328,824; 5,449,767; and 5,476,928). I am one

2 Copy attached as Exhibit 1 .
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of three inventors listed on these patents.3 These modified nucleotides and

nucleotide analogs include biotinylated nucleotides and other labeled

oligonucleotides which have been sold commercially for years.

3. After my postdoctoral work, I was Assistant Professor of Chemistry at the

University of Virginia, Charlottesville, Virginia, from 1980-1982. While working in

the UVA Department of Chemistry, I taught undergraduate biophysical chemistry. I

also prepared nucleotide derivatives of tubercidin and characterized allylamine

derivatives. From 1982-1985, I was Research Associate in the Department of

Microbiology at UVA where I worked on several projects including the development

of a new DNA sequencing method and a gel filtration method for nucleotide

purification and desalting, and the synthesis of a series of 5'-thymidine

triphosphate derivatives and a dUTP analog containing an ethylenediamine-

tetraacetic acid (EDTA) group.

4. I am the author of five scientific publications and I am also an inventor on

seven U.S. patents, including the four patents referenced in paragraph 2 above.

5. Enzo Life Sciences, Inc. has asked me as its scientific consultant to

review significant portions of the most recent prosecution history of United

States Patent Application Serial No. 08/486,070, filed on June 7, 1995

("the ‘O70 application) in the name of Jannis G. Stavrianopoulos, et a/. The

title of the ‘O70 application is "Arrays and Systems Comprising Arrays for

3 All four of these U.S. patents name David C. Ward, Pennina R. Langer and Alexander A. Waldrop,
III, as co-inventors. U.S. Patent No. 4,711,955 is titled "Modified Nucleotides and Methods of

Preparing and Using Same" and it issued on December 8, 1987. U.S. Patent No. 5,328,824 is

titled "Methods of Using Labeled Nucleotides" and it issued on July 12, 1994. U.S. Patent No.

5,449,767 is titled "Modified Polynucleotides and Methods of Preparing Same," having issued on

September 12, 1995. The fourth, U.S. Patent No. 5,476,928, is titled "Modified Nucleotides and

Polynucleotides and Complexes Formed Therefrom," and it issued on December 19, 1995.

Enz-7(Pl(C3l

Page 108 of 187



Page 109 of 187

Jannis G. Stavrianopogs, et a/. I
Serial No. 08/486,070

Filed: June 7, 1995

Page 4 [Declaration of Dr. Alexander A. Waldrop, Ill]

Genetic Analyses and Other Applications." Included for my review were the

following documents and materials:

0 the original specification [U.S. Patent Application Serial No.

06/732,374, filed on May 9, 1985];

0 two Office Actions dated April 7, 2004 and July 2, 2003; and

0 Four Interview Summaries dated April 1, 2004, May 20, 2004,

September 5, 2002 and December 17, 2002.

I have also reviewed several Responses filed in the ‘O70 application,

including:

0 Applicants‘ October 31, 2003 Amendment Under 37 C.F.R. §1.115;

0 their May 8, 2003 Supplemental Amendment;

0 their December 31 , 2002 Communication For Submitting Eight Charts

In Support Of Applicants‘ Invention Claimed In U.S. Patent Application

Serial No. 08/486,070;

0 their December 6, 2002 Communication (To Submit Chapters From A

DNA Microarray Protocols & Review Book);

0 their December 3, 2002 Amendment Under 37 C.F.R. §1.115; and

o the September 4, 2002 Communication To Transmit The Declaration

Of Dr. James G. Wetmur.

I am being compensated for my review and for making this Declaration.

6. In conjunction with my review of the April 7, 2004 Office Action, I have

read both former claims (2163-3143) presented in Applicants’ October 31, 2003

Amendment Under 37 C.F.R. §1.115, and new claims (3144-328 6)“ being

presently submitted to the U.S. Patent Office. In the former claims, I have read

and I understand that the subject matter of claims 2715-3029 is directed to an

‘ Copy attached as Exhibit 2.
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array of various nucleic acid(s) or sequences fixed or immobilized to a non—porous

solid support. Three of the former array claims, 2715, 2825 and 2933, are

independent. The first, claim 2715, recites "[a]n array of various single-stranded

nucleic acids or sequences thereof in hybridizable form, said array comprising a

non—porous solid support having reactive sites or binding site(s) thereon, wherein

said various single-stranded nucleic acids or sequences thereof are fixed or

immobilized to said reactive site(s) or binding site(s)." The second, claim 2825,

recites "[a]n array of various double-stranded nucleic acids, said array comprising a

non-porous solid support having reactive sitelsl or binding site(s) thereon, wherein

said various double-stranded nucleic acids are fixed or immobilized to said reactive

site(s) or binding site(s), wherein at least one nucleic acid strand of said various

double-stranded nucleic acids comprises at least one non—radioactive chemical label

which comprises a non—radioactive signaling moiety which is quantifiable or

detectable." The third, claim 2933, recites "[a]n array of various nucleic acid

strands or sequences thereof, said array comprising a non—porous solid support

having wells or depressions, and said various nucleic acid strands or sequences

being fixed or immobilized in hybridizable form thereto."

7. In the new claims being submitted to the U.S. Patent Office, I understand

that claims 3198-3221 and 3222-3245 are also directed to an array. Four of the

new array claims are independent. The first, claim 3198, recites "[a]n array of

various single-stranded nucleic acids directly or indirectly fixed or immobilized in

hybridizable form to a non-porous solid support, wherein when said nucleic acids

are indirectly fixed or immobilized to said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non-porous solid

support." The second, claim 3199, recites "[a]n array of various double-stranded

nucleic acids directly or indirectly fixed or immobilized to a non—porous solid

support, wherein at least one nucleic acid strand of said various double-stranded

Enz-7lP)(C3)
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nucleic acids comprises at least one non-radioactive chemical label which is

quantifiable or detectable, and wherein when said nucleic acids are indirectly fixed

or immobilized to said non-porous solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non—porous solid support." The

third, claim 3222, recites "[a]n array of various single-stranded nucleic acids

directly or indirectly fixed or immobilized in hybridizable form to a non-porous solid

support having wells or depressions, wherein when said nucleic acids are indirectly

fixed or immobilized to said wells or depressions of said non—porous solid support,

said indirect fixation or immobilization is not to a cell fixed in situ to said wells or

depressions of said non-porous solid support." The fourth, claim 3223, recites

"[a]n array of various double—stranded nucleic acids directly or indirectly fixed or

immobilized to a non-porous solid support having wells or depressions, wherein at

least one nucleic acid strand of said various double—stranded nucleic acids

comprises at least one non-radioactive chemical label which is quantifiable or

detectable, and wherein when said nucleic acids are indirectly fixed or immobilized

to said wells or depressions of said non-porous solid support, said indirect fixation

or immobilization is not to a cell fixed in situ to said wells or depressions of said

non—porous solid support."

8. Prior to the 'O7O invention, two means for detecting nucleic acids based on

hybridization were filter hybridization using porous membranes and/or filters, and in

situ hybridization where the cells were fixed to non—porous substrates. A classic

example of filter hybridization or colony hybridization is the work of Michael

Grunstein and David S. Hogness ["Co|ony hybridization: A method for the isolation

of cloned DNAs that contain a specific gene," Proc. Natl. Acad. Sci. (USA)

Q3961-3965 (1975)].5 In carrying out hybridization on a nitrocellulose filter with

5 Copy attached as Exhibit 3.
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probes labeled with “P or 3H, the authors screened for the presence of at least two

different sequences, in particular, the 18S and 28S rRNA from D. melanogaster.

The work of Grunstein and Hogness was adopted by other researchers, and in

some cases, refined or expanded. For example, in 1979, J. G. Williams and M. M.

Lloyd ["Changes in the Abundance of Polyadenylated RNA During Slime Mould

Development Measured Using Cloned Molecular Hybridization Probes," J. Mol. Biol.

_1_2§:19—35],6 adapted the procedure of Grunstein and Hogness to monitor

differences in mRNA expression in slime mold using a library of cDNA clones and a

collection of radioactively labeled probes made from poly(A) mRNA harvested at

different times of development. The next year a similar procedure was reported by

Mark B. Dworkin and Igor B. Dawid ["Use of a Cloned Library for the Study of

Abundant Poly(A) + RNA during Xenopus Iaevis Development," Dev. Biol. Z§:449-

464 (198O)]7 who used a panel of 860 clones with “P labeled probes made from

pools of poly(A) mRNA from various stages of development in Xenopus.

9. The non-porous solid support formatting of the ‘O70 invention provided

advantages and benefits over the filter hybridization technique. Some of the

benefits and advantages include: (a) rigidity and stability obtained with glass and

plastic materials allow more precision and easier use in spotting nucleic acids to

specific loci on a surface;‘’ (b) characteristics of a non-porous surface provide

reliability and consistency in nucleic acid attachment and subsequent hybridization;

(cl regularity in non-porous surface conformation provides more ease and superior

speed in washing; (d) greater adaptability to automation; and (e) better

quantifiable detection of nucleic acid hybridization by photometric techniques.

6 Copy attached as Exhibit 4.

7 Copy attached as Exhibit 5.

3 Porous membranes and porous filter papers are particularly prone to tearing.
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10. l have read the April 7, 2004 Office Action. I understand that the Patent

Examiner rejected the former claims, including array claims (2715-3029), "as failing

to comply with the written description requirement." I also understand that the

Examiner alleges that "the c|aim(s) contains subject matter which was not

described in the specification in such a way as to reasonably convey to one skilled

in the relevant art that the inventorlsl, at the time the application was filed, had

possession of the claimed invention. Quoted below is a portion of the April 7,

2004 Office Action (page 3, last two lines, through page 4, first paragraph) that

deals specifically with claims 2715, 2825 and 2933:

Consideration of array claim 2715 reveals that it is directed to a

generic non—porous solid support with various single-stranded nucleic

acids or sequences fixed or immobilized thereto. Reiterated

consideration of the entirety of the instant disclosure reveals that the

practice of "various denatured analytes" with a solid support is

disclosed only on page 16, lines 9-14, as being present for example in

an array of depressions or wells. A generic solid support is not

disclosed as filed nor a non-porous generic support of this type with

"various single—stranded nucleic acids or sequences" as now present in

claim 2715 and others via dependence, such as claim 2825 and

claims dependent therefrom. Review of instant claim 2933 directed to

wells or depressions with said "various..." limitations reveals that the

nucleic acid strands or sequences are either fixed or immobilized

whereas in contrast said page 16 citation only cites fixation practice.
Thus claims 2933 also contains NEW MATTER for this reason. This

rejection is necessitated by amendment which set forth such

"various..." limitations. '

1 1. As set forth above and in my cv, I am a chemist with substantial experience

and background in nucleic acid chemistry. My knowledge, background, training

and experience in nucleic acid chemistry encompasses nucleic acid modifications,

including labeling nucleic acids for use in hybridization and detection assays. I am

familiar with several nucleic acid detection formats and with nucleic acid probe

technology in general. My professional and academic career involves extensive
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research exploring the modifications and labeling of nucleic acids for use as probes

in hybridization and detection assays. One of my more recent areas of research is

chemiluminescence and assays using chemiluminescent reagents to detect a wide

variety of substances including nucleic acids and other biomolecules.

12. Based upon my training, background and experience, I believe that at the

time the ‘O70 application was filed in May 1985 (as a continuation-in-part of U.S.

Patent Application Serial No. 06/461,469, filed January 21, 1983), the relevant art

to the subject matter being claimed as arrays would have included many if not

most of the following areas: modifications of nucleic acids, nucleic acid synthesis

and labeling, surface chemical treatments, and nucleic acid hybridization,

formatting and detection. I consider myself to possess the level of skill,

knowledge, training and experience of at least a person skilled in the art to which

the present array invention pertains.

13. I understand that a patent specification describes the subject matter of a

claim, if the specification conveys, with reasonable clarity to a person skilled in the

art, that the inventors were in possession of that subject matter recited in that

claim. I also understand that to satisfy the written description requirement, the

inventors do not have to utilize any particular form of disclosure to describe the

subject matter of the claim under consideration. For instance, the description of

the invention being claimed may be found in the working examples, in a more

general description of the invention, or even in a combination of the examples and

the general description.

14. As a person skilled in the art, it is my opinion and conclusion that the ‘O70

specification reasonably conveys that Applicants were in possession of their
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claimed array invention at the time their application was filed in May 1985.9 I

believe that the Examiner is wrong when he alleges in the April 7, 2004 Office

Action that . . the practice of "various denatured analytes" with a solid support

is disclosed only on page 16, lines 9-14, as being present for example in an array

of depressions or we||s."‘° In my opinion, neither the ‘O70 specification generally

nor the cited description on page 16, lines 9-14, limits Applicants‘ array invention

and "various nucleic acids" to an array having depressions or wells." Indeed, after

carefully reviewing the ‘O70 specification, I conclude that Applicants‘ description of

wells in the specification generally, and on page 16, lines 9-14 in particular,

illustrates, through example, one of the different forms or embodiments of their

array invention, including "various denatured ana|ytes." My reasons in reaching

this conclusion are given below.

15. Several portions of the ‘O70 specification make it clear that the inventors

referenced or used wells to illustrate the different forms of their invention in which

nucleic acids are fixed or immobilized to non-porous solid supports.

A. The citation to the ‘O70 specification (page 16, lines 9-14) made by

the Examiner in the Office Action reads as follows:

For example, glass plates provided with an array of depressions or

wells would have samples of the various denatured analytes deposited

therein, the single-stranded analytes being fixed to the surfaces of the

wells. [emphasis added]

It is clear to me as a person skilled in the art that the above references to an array

and "various denatured analytes" are not limited to depressions or wells. Further it

9 By implication, I am also asserting that the subject matter of former rejected array claims 2715-
3029 were also in the possession of the inventors.

‘° Although the Examiner did choose to use the words "for example" in the Office Action (page 4,
line 3), it is not apparent whether he attached appropriate significance to them.
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is clear that the practice of "various denatured analytes" or "various nucleic acids"

is not limited to an array with depressions or wells.

B. There are several reasons why the above-quoted statement, taken

alone or taken with other portions in the ‘O70 specification, does not limit the array

invention to depressions or wells. First, the very statement itself begins with the

introductory phrase, "For example. "For example" clearly conveys that

"depressions or wells" are illustrative or exemplary of an array. Second, the above-

quoted statement is located in Example 1 in the "examples" or "Detailed

Description" section of the "070 specification. The preceding page (p. 15) in the

‘O70 specification makes it clear:

Other aspects and advantages of the present invention will be

readily apparent upon consideration of the following detailed

description of the preferred embodiments thereof.

DETAILED DESCRIPTION

The following examples are illustrative of preferred embodiments of

the method of the present invention. Specifically referred to therein

are methods for fixing the analyte to a non-porous solid support . . .

[emphasis added]

The statements quoted above clearly convey that other aspects and advantages

beyond the examples that follow on pages 15-25 will be readily apparent. As a

person skilled in the art, I read Example 1 and the cited page 16, lines 9-14, as

being merely illustrative of one way (depressions or wells) in which nucleic acids

can be fixed or immobilized to a non-porous solid support in the form of an array.

Because the various surface treatments illustrated in the examples and used to fix

or immobilize nucleic acids to non-porous solid supports are not dependent upon

the shape or conformation of the support, it is my opinion that Example 1 does not

limit Applicants’ array practice to depressions or wells. Other aspects of the

invention, including the use of other conventional apparatus employed in diagnostic
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laboratories, such as a plate (for example, a flat Petri dish), a tube, a cuvette, a

bead, and the like, are conveyed to me from reading Example 1 and the ‘O70

specification.

C. Reference to wells is made in other parts of the ‘O70 specification to

illustrate fixation or immobilization of nucleic acids to specific materials, such as a

glass or plastic surface. Examples 5, 6 and 7 provide further description in this

regard.

(i) Example 5 (last two lines on page 20, continuing through first

two lines on page 21) provides:

in tests involving the fixing of DNA to a plastic surface, biotinylated

DNA (bDNA) was denatured and aliquoted into Dynatech, lmmulon IITM

removeable wells. . . [emphasis added]

(ii) Example 6 (last paragraph on page 22, continuing through line 5

on page 23) provides:

An improved capability for fixing or immobilization of DNA to non-

porous solid supports, such as glass and plastic, is also provided by

treatment with a coating of an epoxy resin. For example, treatment of

glass or polystyrene surfaces with commercially available epoxy glues,

such as a solution of epoxy glue in ethanol [1 percent w/v] serves this

purpose. These epoxy solutions are applied to the surfaces or

wells, . . . [emphasis added]

(iii) The first paragraph in Example 7 (page 23) also provides:

Yet another example of the method of the present invention, including

fixing the polynucleotide analyte sequence directly to a non-porous

solid support, such Q a conventional microtiter well, may be

performed according to the procedures outlined below.

[emphasis added]

16. To a person skilled in the art, Applicants provide further description as to

why the ‘O70 specification does not limit the practice of "various denatured
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anaIytes" to an array of depressions or wells. First, I believe that the term

"various" used in the array claims means nucleic acids, whether analytes or probes,

which have different sequences from one another. It is my opinion that the ‘O70

specification supports the claim language of "various nucleic acids" because there

are many descriptions of various nucleic acids in the context of different non-

porous solid supports and different treatments of non-porous solid supports that are

not limited to wells or depressions. Instances of these descriptions are given in the

paragraphs that follow.

17. In the very first two pages of the ‘O70 specification, the term "anaIyte" is

defined as follows:

Analyte -- A substance or substances, either alone or in

admixtures, whose presence is to be detected and, if desired,

quantitated. The analyte may be a DNA or RNA molecule of small or

high molecular weight, a molecular complex including those molecules,

or a biological system containing nucleic acids, such as a virus, a cell,

or agroup of cells. Among the common analytes are nucleic acids

(DNA and RNA) or segments thereof, oligonucleotides, either single- or

double-stranded, viruses, bacteria, cells in culture, and the like.

Bacteria, either whole or fragments thereof, including both gram

positive and gram negative bacteria, fungi, algae, and other

microorganisms are also analytes, as well as animal (e.g., mammalian)

and plant cells and tissues. [Emphasis added]

18. In the definition quoted above, an analyte is defined as "a substance or

substances, either alone or in admixtures, whose presence is to be detected and, if

desired, quantitated." This statement conveys to me that an analyte can take the

form of substances whose presence is being detected or quantified.

19. As part of the above definition of ''analyte,'' common analytes include

"nucleic acids (DNA and RNA) or segments thereof." In the context of a biological

system, e.g., a cell, this conveys to me as a person skilled in the art that a number

Enz-7(Pl(C3l

Page 118 of 187



Page 119 of 187

Jannis G. Stavrianopogs, et al. '
Serial No. 08/486,070

Filed: June 7, 1995

Page 14 [Declaration of Dr. Alexander A. Waldrop, III]

of different nucleic acid forms are included, including chromosomal DNA, plasmid

DNA, messenger RNA, transfer RNA and ribosomal RNA. Thus, there would be

thousands of unique RNA fragments derived from various messenger RNAs. Even

in the simplest biological system, such as a bacterial cell which contains a single

chromosome, it is practically impossible to isolate the chromosome as a single

molecule. Consequently, the chromosomal DNA derived from a bacterial cell will

consist of different fragments, each fragment having its own unique sequence. In

a more complicated biological system, such as a mammalian cell, nucleic acid

sequences, including gene sequences, exist on separate chromosomes. There, the

chromosomal DNA derived from a mammalian cell will again also consist of

different fragments, with each fragment having its own unique sequence.

20. The above-quoted definition of an analyte also refers to a "biological system

containing nucleic acids, such as . . . a cell." This conveys to me that the analyte

can contain any or all of the nucleic acids that are found within a cell. Such a

biological system, e.g., a cell, would comprise large numbers of different nucleic

acid sequences.

21. In the ‘O70 definition of analyte, cells are mentioned as examples of

biological systems including bacteria, animal (e.g., mammalian) and plant cells.

Again, all of these cells contain a large number of different nucleic acid sequences.

22. In the 'O7O "Summary Of The |nvention" (page 9, lines 16-30), it is

disclosed:

The present invention provides a solution for the disadvantages

of presently available methods of detecting analytes by a novel

combination of hybridization and immunological techniques. In

accordance with the practice of the present invention, chemically

labelled polynucleotide or oligonucleotide probes are employed to
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detect analytes by having the capacity to generate a reliable, easily

quantifiable soluble signal.

Analytes to be detected by the detection processes of this

invention may be present in any biological or non-biological sample,

such as clinical samples, for example, blood, urine, feces, saliva, pus,

semen, serum, other tissue samples, fermentation broths, culture

media, and the like. . . [emphasis added]

In the ‘O70 specification (page 10, lines 6-9), it is also disclosed:

In accordance with the practices of this invention, analytes in a

biological sample are preferably denatured into single-stranded form,

and then directly fixed to a suitable solid support. [emphasis added]

Most biological samples will contain a collection of different nucleic acid fragments.

That ''analytes in a biological sample . . . [are] . . . fixed to a suitable solid support"

reasonably conveys to me as a person skilled in the art that different nucleic acid

sequences are being described, and that such different sequences are fixed or

immobilized to a suitable solid support. I find this to be particularly so because

there is no mention of purification or isolation with respect to the analytes in the

biological sample.

23. The original Abstract Of The Disclosure, found on the last page of the '070

specification, provides the following:

Polynucleotide sequences in a sample of biological or

nonbiological material are detected by a method involving fixing of the

sequences on a solid support and forming an entity between the fixed

sequences and chemically-labeled polynucleotide or oligonucleotide

probes having a sequence complementary to the fixed sequence for

determining the identification and/or presence of the target

polynucleotide sequences. The chemical label covalently or non-

covalently attached to the probe comprises a signalling moiety capable

of generating a soluble signal detectable by spectrophotometric assay

techniques. [emphasis added]
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In reading the above original Abstract, it is my opinion that the polynucleotide

sequences which are fixed to the solid support comprise different nucleic acid

sequences, particularly because such polynucleotide sequences are contained in a

sample of biological or nonbiological material. I note that the above—quoted

Abstract does not describe or refer to the sample as having been purified or that

the polynucleotide sequences have been purified or isolated. I also note that the

Abstract refers to a method step of forming an entity between the fixed sequences

and chemica//y—/abe/ed polynucleotide or oligonucleotide probes having a sequence

complementary to the fixed sequence for determining the identification and/or

presence of the target polynucleotide sequences. As a person skilled in the art, it

is my opinion that the foregoing statement and the use of multiple chemically-

labeled polynucleotide or oligonucleotide probes for determining identification

and/or presence of target polynucleotide sequences reasonably conveys that

various different target polynucleotide sequences are being described. Thus, the

original Abstract supports Applicants’ claimed invention wherein an array of various

different nucleic acids are fixed or immobilized to a non—porous solid support.

24. In summary, and for the reasons given above, l conclude as a person skilled

in the art that that the ‘O70 specification reasonably conveys that the Applicants

and inventors were in possession of the subject matter of new array claims 3198-

3245 currently being submitted to the Patent Office.

I hereby declare that all statements made herein of my own knowledge are true and

that all statements made on information and belief are believed to be true; and

further that these statements are made with the knowledge that willful false

statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code, and that any such willful
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false statements may jeopardize the validity of the application or any patent issued

thereon.

 
-X-******

FinaIDecl. 6. 28.04 (3 PM)
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South Portland, Maine 04106-3350

(207) 773-6450 (207) 767-4800
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Ph.D. (Biophysics) 1977, Johns Hopkins University, Baltimore, Maryland,

Thesis Advisor: Dr. Michael Beer,
Thesis Title: "Chemical Studies "Chemical Studies of

bis(Pyridine)osmate(VI) Esters and the Mercury

Enhancement of Osmium Labelling of Polynucleotides"

Dissertation Abstracts International 3§ (1 1-B):53 54+

(194 pp.) (1978);

B.S. (Chemistry) 1970, Magna cum Laude, University of Virginia.

Echols Scholar, Phi Eta Sigma, Hugh Miller Spencer Scholarship in

Chemistry, 1970.

Alpha Chi Sigma, Sigma Xi, AAAS, AACC, American Chemical Society.

Founder and Principal Scientist, Started Company at Center for

Environmental Enterprise (CEE), 2000 to present. Further characterized

9-Acridinecarbonylimidazole (AcriGlow 301) and its reaction with

peroxide in various buffers and solvents. Examined ways of removing

peroxide impurities from solvents, detergent and polymer solutions.

Tested screening assay for detecting pollutants in environmental water

samples. Served as consultant for Brims Ness, Capricorn Products, Inc.,

Maine Standards, and Enzo Biochem, Inc.

Visiting Scientist, Maine Medical Center Research Institute, 1994 to

2000. Synthesized and characterized modified acridancarboxylic acid

ester. Demonstrated substrate activity with HRPO. Invented and

characterized activated 9-acridinecarboxylic acid derivatives.

Demonstrated high sensitivity assay of glucose oxidase and alkaline

phosphatase. HPLC of acridine ‘ derivatives. HPLC of synthetic

oligonucleotides.

Research Scientist, IDEXX Laboratories, Inc., 1992 - 1993.

Optimization of HRPO assay systems.
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fiff Scientist, Gen-Probe, Inc., 1985 - 1992. Synthesized and designed

acridinium esters. Helped design linker arms, optimize detection of

acridinium esters, stabilize acridinium esters, improve elution of nucleic

acids from solid supports. Characterized acridinium esters by HPLC, UV
and chemiluminescence.

Research Associate, Department of Microbiology, University of Virginia,

1982 - 1985. Developed new DNA sequencing method similar to Sanger

approach, but which leaves functional 3' ends, which can be ligated to

produce a set of deletion mutants or can be extended under conditions

forcing misincorporation to generate a set of point mutations. Synthesized

series of 5'-thymidine triphosphate derivatives containing a 3'-phosphate

mono-, di-, or triester group. Showed that these analogs were not

substrates for T4 or Klenow DNA polymerase. Developed simple, rapid

gel filtration method for purifying and desalting nucleotides. Synthesized

an analog of dUTP containing an EDTA group and showed that it can be

enzymatically incorporated into DNA.

Assistant Professor, Department of Chemistry, University of Virginia,

1980-1982. Prepared nucleotide derivatives of tubercidin. Characterized

allylamine derivatives. Taught biophysical chemistry.

Postdoctoral Research Fellow, Department of Molecular Biophysics and

Biochemistry (laboratory of Dr. David C. Ward), Yale University,

1977-1980. Synthesized modified pyrimidines to incorporate in vitro into

nucleic acids, using reactions between heavy metals and nucleic acid

components. Developed nucleotide analogs used for gene detection in situ.

Biotinyl nucleotides now selling commercially.

Predoctoral Fellow, Department of Biophysics (laboratory of Dr. Michael

Beer), Johns Hopkins University, Baltimore, Maryland, 1970-1977.

Developed multiple heavy atom stains for electron microscopy of nucleic
acids.

Co-inventor of non-radioactively-labeled nucleotides, including biotinyl

nucleotides (U.S. Patents Nos. 4,711,955; 5,328,824; 5,449,767; and

5,476,928). Co-inventor of activated 9-acridinecarboxylic acid

chemiluminescent system. Experienced in chemistry of nucleic acids and

proteins, especially the synthetic chemistry of nucleotides, peptides, and

their oligomers, and in the chemistry of mercury, osmium, and palladium;

familiar with NMR, UV-Visible, IR, and fluorescent spectroscopic

techniques, and with TLC, HPLC, gel filtration, and ion exchange

chromatographic procedures; experienced in the use of DNA polymerases

and nucleases. Experienced in detection systems for nucleic acids,

especially chemiluminescence. Experienced in chemistry of acridine and
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acridinium compounds. Experienced with several ELISA enzymes,

including horseradish peroxidase (HRPO), alkaline phosphatase, glucose

oxidase, and [3—galactosidase.

Publications

Richardson, F.S., Shillady, D.D., Waldrop, A.A.; A Theoretical Study of C_i§-Trans

Photoisomerization in the Bis(Glycinato) P1atinum(II) Complex, Inorganica Chimica Acta, 5,

279-289 (1971).

Waldrop, A.A., Beer, M., Marzilli, L.G.; Osmium-labeled Polynucleotides. Incorporation of

Additional Heavy Atoms (Mercury) _vi_a Ligand Substitution Reactions, Journal 9_f Inorganic

Biochemisg, Q, 225-234 (1979).

Langer P.R., Waldrop, A.A., and Ward, D.C.; Enzymatic Synthesis of Polynucleotides

Containing Biotin: Novel Nucleic Acid Affinity Probes, Proc. Natl. Acad. 3; U.S.A., 18,

6633-6637 (1981).

Hammond, Philip W.; Wiese, Wendy A.; Waldrop, Alex A., HI; Nelson, Norman C.; Arnold, Lyle

J ., Jr.; Nucleophilic Addition to the 9 Position Of 9-Phenylcarboxylate-10-Methylacridinium

Protects Against Hydrolysis of the Ester, J . Biolumin. Chemilumin. 6(1), 35-43, (1991).

Waldrop, Alex A., III; Fellers, Jonathan; Vary, Calvin P. H. ; Chemilumminescent Determination

of Hydrogen Peroxide with 9-Acridinecarbonylimidazole and Use in Measurement of Glucose

Oxidase and Alkaline Phosphatase Activity, Luminescence 15(3), 168-182, (2000).

Patents and Patent Appplications

Ward, D.C., Langer, P.R., and Waldrop, A.A.; Modified Nucleotides and Methods of Preparing

and Using Same, U.S. Patent 4,711,955 (December 8, 1987). (European Pat. Appl. EP 63879 A2)

Arnold, Lyle J ., Waldrop, Alex A., III, Hammond, Philip W. ; Protected Chemiluminescent Labels,

U. S. Patent # 4,950,613 (Aug. 21, 1990). (European Pat. Appl. EP 330433 A2).

Ward, D.C., Langer, P.R., and Waldrop, A.A.; Methods of Using Labeled Nucleotides. U.S.

Patent #5,328,824 (July 12, 1994).

Ward, D.C., Langer, P.R., and Waldrop, A.A.; Modified Polynucleotides and Methods of

Preparing Same. U.S Patent #5,449,767 (Sept.l2, 1995).

Ward, D.C., Langer, P.R., and Waldrop, A.A.; Modified Nucleotides and Polynucleotides and

Complexes Form Therefrom. U.S Patent #5,476,928 (Dec.19, 1995).
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(6) Arnold, Lyle, J., Jr.; Nelson, Norman C.; Reynolds, Mark A.; Waldrop, Alex A., III; Polycationic

Supports and Nucleic Acid Purification, Separation and Hybridization. U. S. Patent #5,599,667

(Feb 4, 1997). (European Pat. Appl. EP 281390 A2).

(7) Waldrop, Alex A., III and Vary, C.P.H., Peroxide-Based Chemiluminescent Assays and

Chemiluminescent Compounds Used Therein. Patent pending (Submitted 1997 as Provisional

Patent Application).

'k~k'k'k'k**

Page 126 of 187



Page 127 of 187

Stavrianopoulos et a|[,g.S. Patent Application Serial No. #486,070 (Filed 6/7/95)
Claims To Be Submitted To U.S. Patent Office
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Claim 3144. I (New) A non—porous solid support comprising at least one single-

stranded nucleic acid directly or indirectly fixed or immobilized thereto in hybridizable

form, wherein when said nucleic acid is indirectly fixed or immobilized to said non-

porous solid support, said indirect fixation or immobilization is not to a cell fixed in

situ to said non-porous solid support.

Claim 3145. (New) A non—porous solid support comprising at least one double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non-radioactive

chemical label which is quantifiable or detectable, wherein when said nucleic acid is

indirectly fixed or immobilized to said non-porous solid support, said indirect fixation

or immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3146. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises glass or plastic.

Claim 3147. (New) The non—porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises a plate, a well or wells, a microtiter well or

microtiter wells, depressions, tubes, cuvettes, beads, or a set of said plates, wells,

depressions, tubes, cuvettes or beads.

Claim 3148. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support comprises more than one surface.

Claim 3149. (New) The non-porous solid support of claim 3144 or 3145, comprising

reactive sites or binding sites thereon, wherein said nucleic acid is fixed or

immobilized to one of said reactive sites or binding sites.
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Claim 3150. (New) The non—porous solid support of claim 3149, wherein said

reactive sites or binding sites comprise one or more amines, hydroxyls or epoxides.

Claim 3151. (New) The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support has been treated with a surface treatment agent, a

blocking agent, or both.

Claim 3152. (New) The non-porous solid support of claim 3151, wherein said

surface treatment agent comprises an amine providing compound, an epoxy glue or

solution, an acid solution, or ammonium acetate.

Claim 3153. (New) The non—porous solid support of claim 3151, wherein said

blocking agent comprises Denhardt's solution.

Claim 3154. (New) The non—porous solid support of claim 3144 or 3145, wherein

said direct or indirect fixation or immobilization to said non-porous solid support is

covalent.

Claim 3155. (New) The non—porous solid support of claim 3144’or 3145, wherein

said direct or indirect fixation or immobilization to said non-porous solid support is

non-covalent.

Claim 3156. (New) The non—porous solid support of claim 3144, wherein said

single-stranded nucleic acid is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to a complementary nucleic

acid strand.
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Claim 3157. (New) The non-porous solid support of claim 3145, wherein one strand

of said doub|e—stranded nucleic acid is indirectly fixed or immobilized to said non-

porous solid support by sandwich hybridization or by hybridization to a

complementary nucleic acid strand.

Claim 3158. (New) The non-porous solid support of claim 3144, wherein said

nucleic acid comprises DNA or RNA.

Claim 3159. (New) The non-porous solid support of claim 3145, wherein said

nucleic acid comprises DNA, RNA or both.

Claim 3160. (New) The non-porous solid support of claim 3144, wherein said

nucleic acid comprises a nucleic acid sequence complementary to a nucleic acid

sequence of interest sought to be identified, quantified or sequenced.

Claim 3161. (New) The non-porous solid support of claim 3145, wherein one strand

of said double-stranded nucleic acid comprises a nucleic acid sequence of interest

sought to be identified, quantified or sequenced.

Claim 3162. (New) The non-porous solid support of claim 3144, wherein said

sing|e—stranded nucleic acid is unlabeled.

Claim 3163. (New The non-porous solid support of claim 3144 or 3145, wherein

said non-porous solid support is transparent or translucent.

Claim 3164. (New) The non-porous solid support of claim 3145, wherein said non-

radioactive chemical label is quantifiable in or from a fluid or solution, said quantity

being proportional to the amount or quantity of said label or labels.
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Claim 3165. (New) The non—porous solid support of claim 3145, wherein said non-

porous solid support is transparent or translucent, and said non-radioactive chemical

label is quantifiable in or from a’ fluid or solution or in or through said non-porous solid

support, said quantity being proportional to the amount or quantity of said label or

labels.

Claim 3166. (New) The non-porous solid support of claim 3145, wherein said non-

radioactive chemical label comprises a chromagen or a chromagenic compound, a

colored dye compound, a fluorogen or a fluorescent compound, a chemiluminescent

compound, a chelating compound, an enzyme or an enzymatic compound, a

coenzyme, biotin, iminobiotin, a hapten or a ligand.

Claim 3167. (New) The non-porous solid support of claim 3145, wherein a non-

radioactive signal from said non-radioactive chemical label is quantifiable or detectable

by photometric techniques, spectrophotometric techniques, colorimetric techniques,

fluorometric techniques or chemiluminescent techniques.

Claim 3168. (New) The non-porous solid support of claim 3144, comprising more

than one sing|e—stranded nucleic acid.

Claim 3169. (New) The non-porous solid support of claim 3145, comprising more

than one double-stranded nucleic acid.

Claim 3170. (New) A set comprising the non-porous solid support of claim 3144.

Claim 3171. (New) A set comprising the non-porous solid support of claim 3145.
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Claim 3172. (New) A system comprising a non—porous solid support and at least one

single-stranded nucleic acid directly or indirectly fixed or immobilized thereto in

hybridizable form, wherein when said nucleic acid is indirectly fixed or immobilized to

said non—porous solid support, said indirect fixation or immobilization is not to a cell

fixed in situ to said non-porous solid support.

Claim 3173. (New) A system comprising a non-porous solid support and at least one

double-stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic

acid strandof said double-stranded nucleic acid comprises at least one non-

radioactive chemical label which is quantifiable or detectable, and wherein when said

nucleic acid is indirectly fixed or immobilized to said non—porous solid support, said

’ indirect fixation or immobilization is not to a cell fixed in situ to said non-porous solid

support.

Claim 3174. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises glass or plastic.

Claim 3175. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises a plate, a well or wells, a microtiter well or microtiter wells,

depressions, tubes, cuvettes, beads, or a set of said plates, wells, depressions, tubes,

cuvettes or beads.

Claim 3176. (New) The system of claim 3172 or 3173, wherein said non—porous

solid support comprises more than one surface.

Claim 3177. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support comprises reactive sites or binding sites thereon, wherein said nucleic

acid is fixed or immobilized to one of said reactive sites or binding sites.
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Claim 3178. (New) The system of claim 3177, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3179. (New) The system of claim 3172 or 3173, wherein said non—porous

solid support has been treated with a surface treatment agent, a blocking agent, or

both.

Claim 3180. (New) The system of claim 3179, wherein said surface treatment

agent comprises an amine providing compound, an epoxy glue or solution, an acid

solution or ammonium acetate.

Claim 3181. (New) The system of claim 3179, wherein said blocking agent

comprises Denhardt's solution.

Claim 3182. (New) The system of claim 3172 or 3173, wherein said direct or

indirect fixation or immobilization to said non-porous solid support is covalent.

Claim 3183. (New) The system of claim 3172 or 3173, wherein said direct or

indirect fixation or immobilization to said non-porous solid support is non-covalent.

Claim 3184. (New) The system of claim 3172, wherein said single-stranded nucleic

acid is indirectly fixed or immobilized to said non-porous solid support by sandwich

hybridization or by hybridization to a complementary nucleic acid strand.
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Claim 3185. (New) The system of claim 3173, wherein said one strand of said

double-stranded nucleic acid is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to a complementary nucleic

acid strand.

Claim 3186. (New) The system of claim 3172, wherein said nucleic acid comprises

DNA or RNA.

Claim 3187. (New) The system of claim 3173, wherein said nucleic acid comprises

DNA, RNA, or both.

Claim 3188. (New) The system of claim 3172, wherein said nucleic acid comprises

a nucleic acid sequence complementary to a nucleic acid sequence of interest sought

to be identified, quantified or sequenced.

Claim 3189. (New) The system of claim 3173, wherein one strand of said double-

stranded nucleic acid comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3190. (New) The system of claim 3172, wherein said sing|e—stranded nucleic

acid is unlabeled.-

Claim 3191. (New) The system of claim 3172 or 3173, wherein said non-porous

solid support is transparent or translucent.

Claim 3192. (New) The system of claim 3173, wherein said non-radioactive

chemical label is quantifiable in or from a fluid or solution, said quantity being

proportional to the amount or quantity of said label or labels.

Enz-7(P)(C3l -

Page 133 of 187



Page 134 of 187

Stavrianopoulos et al., rial No. 08/486,070 .
Claims To Be Submitted'To The U.S. Patent Office

Exhibit 2 (Declaration of Dr. Alexander A. Waldrop, Ill)

Page 8

Claim 3193. (New) The system of claim 3173, wherein said non-porous solid

support is transparent or translucent, and said non—radioactive chemical label is

quantifiable in or from a fluid or solution or in or through said non-porous solid

support, said quantity being proportional to the amount or quantity of said label or

labels.

Claim 3194. (New) The system of claim 3173, wherein said non—radioactive

chemical labelcomprises a chromagen or a chromagenic compound, a colored dye

compound, a fluorogen or a fluorescent compound, a chemiluminescent compound, a

chelating compound, an enzyme or an enzymatic compound, a coenzyme, biotin,

iminobiotin, a hapten or a ligand.

Claim 3195. (New) The system of claim 3173, wherein a non—radioactive signal

from said non—radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.

Claim 3196. (New) The system of claim 3172, comprising more than one single-

stranded nucleic acid.

Claim 3197. (New) The system of claim 3173, comprising more than one double-

stranded nucleic acid.
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Claim 3198. (New) An array comprising various sing|e—stranded nucleic acids

directly or indirectly fixed or immobilized in hybridizable form to a non-porous solid

support, wherein when said nucleic acids are indirectly fixed or immobilized to said

non-porous solid support, said indirect fixation or immobilization is not to a cell fixed

in situ to said non-porous solid support.

Claim 3199. (New) An array comprising various double-stranded nucleic acids

directly or indirectly fixed or immobilized to a non-porous solid support, wherein at

least one nucleic acid strand of said various double-stranded nucleic acids comprises

at least one non-radioactive chemical label which is quantifiable or detectable, and

wherein when said nucleic acids are indirectly fixed or immobilized to said non-porous

solid support, said indirect fixation or immobilization is not to a cell fixed in situ to

said non-porous solid support.

Claim 3200. (New) The array of claim 3198 or 3199, wherein said non-porous solid

support comprises glass or plastic.

Claim 3201. (New) The array of claim 3198 or 3199, wherein said non-porous solid

support comprises a plate, a well or wells, a microtiter well or microtiter wells,

depressions, tubes, cuvettes, beads, or a set of said plates, wells, depressions, tubes,

cuvettes or beads.

Claim 3202. (New) The array of claim 3198 or 3199, wherein said non-porous solid

support comprises more than one surface.

Claim 3203. (New) The array of claim 3198 or 3199, comprising reactive sites or

binding sites thereon, wherein said nucleic acids are fixed or immobilized to said

reactive sites or binding sites.
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Claim 3204. (New) The array of claim 3203, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3205. (New) The array of claim 31 98 or 3199, wherein said non—porous solid

support has been treated with a surface treatment agent, a blocking agent, or both.

Claim 3206. (New) The array of claim 3205, wherein said surface treatment agent

comprises an amine providing compound, an epoxy glue or solution, an acid solution

01’ ammonium acetate.

Claim 3207. (New) The array of claim 3205, wherein said blocking agent comprises

Denhardt's solution.

Claim 3208. (New) The array of claim 3198 or 3199, wherein said direct or indirect

fixation or immobilization to said non—porous solid support is covalent

Claim 3209. (New) The array of claim 3198 or 3199, wherein said direct or indirect

fixation or immobilization to said non—porous solid support is non-covalent.

Claim 3210. (New) The array of claim 3198, wherein said single-stranded nucleic

acids or sequences are indirectly fixed or immobilized to said non—porous solid support

by sandwich hybridization or by hybridization to complementary nucleic acid strands.
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Claim 321 1. (New) The array of claim 3199, wherein one strand of said double-

stranded nucleic acids or sequences is indirectly fixed or immobilized to said non-

porous solid support by sandwich hybridization or by hybridization to complementary

nucleic acid strands.

Claim 3212. (New) The array of claim 3198, wherein said nucleic acids comprise

DNA or RNA.

Claim 3213. (New) The array of claim 3199, wherein said nucleic acids comprise

DNA, RNA, or both.

Claim 3214. (New) The array of claim 3198, wherein said nucleic acids comprise

nucleic acid sequences complementary to nucleic acid sequences of interest sought

to be identified, quantified or sequenced.

Claim 3215. (New) The array of claim 3199, wherein one strand of said double-

stranded nucleic acids comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3216. (New) The array of claim 3198, wherein said single-stranded nucleic

acids are unlabeled.

Claim 3217. (New) The array of claim 3198 or 3199, wherein said non—porous solid

support is transparent or translucent.
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Claim 3218. (New) The array of claim 3199, wherein said non—radioactive chemical

label is quantifiable in or from a fluid or solution, said quantity being proportional to

the amount or quantity of said label or labels.

Claim 3219. (New) The array of claim 3199, wherein said non-porous solid support

is transparent or translucent, and said non-radioactive chemical label is quantifiable in

or from a fluid or solution or in or through said non-porous solid support, said quantity

being proportional to the amount or quantity of said label or labels.

Claim 3220. (New) The array of claim 3199, wherein said non-radioactive chemical

label comprises a chromagen or a chromagenic compound, a colored dye compound,

a fluorogen or a fluorescent compound, a chemiluminescent compound, a chelating

compound, an enzyme or an enzymatic compound, a coenzyme, biotin, iminobiotin, a

hapten or a ligand.

Claim 3221. (New) The array of claim 3199, wherein a non-radioactive signal from

said non—radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.

Claim 3222. (New) An array comprising various single-stranded nucleic acids

directly or indirectly fixed or immobilized in" hybridizable form to a non-porous solid

support having wells or depressions, wherein when said nucleic acids are indirectly

fixed or immobilized to said wells or depressions of said non-porous solid support,

said indirect fixation or immobilization is not to a cell fixed in situ to said wells or

depressions of said non-porous solid support.
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Claim 3223. (New) An array comprising various doub|e—stranded nucleic acids

directly or indirectly fixed or immobilized to a non-porous solid support having wells or

depressions, wherein at least one nucleic acid strand of said various doub|e—stranded

nucleic acids comprises at least one non-radioactive chemical label which is

quantifiable or detectable, and wherein when said nucleic acids are indirectly fixed or

immobilized to said wells or depressions of said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said wells or depressions of

said non-porous solid support.

Claim 3224. (New) The array of claim 3222 or 3223, wherein said non-porous solid

support comprises glass or plastic.

Claim 3225. (New) The array of claim 3222 or 3223, wherein said wells or

depressions comprise a plate of wells or depressions, or a microtiter plate of wells or

depressions.

Claim 3226. (New) The array of claim 3222 or 3223, comprising reactive sites or

binding sites thereon, wherein said nucleic acids are fixed or immobilized to said

reactive sites or binding sites.

Claim 3227. (New) The array of claim 3226, wherein said reactive sites or binding

sites comprise one or more amines, hydroxyls or epoxides.

Claim 3228. (New) The array of claim 3222 or 3223, wherein said non-porous solid

support has been treated with a surface treatment agent, a blocking agent, or both.
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Claim 3229. (New) The array of claim 3228, wherein said surface treatment agent

comprises an amine providing compound, an epoxy glue or solution, an acid solution

or ammonium acetate.

Claim 3230. (New) The array of claim 3228, wherein said blocking agent comprises

Denhardt's solution.

Claim 3231. (New) The array of claim 3222 or 3223, wherein said direct or indirect

fixation or immobilization to said non-porous solid support is covalent.

Claim 3232. (New) The array of claim 3222 or 3223, wherein said direct or indirect

fixation or immobilization to said non-porous solid support is non-covalent.

Claim 3233. (New) The array of claim 3222, wherein said single-stranded nucleic

acids are indirectly fixed or immobilized to said non-porous solid support by sandwich

hybridization or by hybridization to complementary nucleic acid strands.

Claim 3234. (New) The array of claim 3223, wherein one strand of said double-

stranded nucleic acids is indirectly fixed or immobilized to said non-porous solid

support by sandwich hybridization or by hybridization to complementary nucleic acid

strands.

Claim 3235. (New) The array of claim 3222, wherein said nucleic acids comprise

DNA or RNA.

Claim 3236. (New) The array of claim 3223, wherein said nucleic acids comprise

DNA, RNA, or both.
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Claim 3237. (New) The array of claim 3222, wherein said nucleic acids comprise

nucleic acid sequences complementary to nucleic acid sequences of interest sought

to be identified, quantified or sequenced.

Claim 3238. (New) The array of claim 3223, wherein one strand of said double-

stranded nucleic acids comprises a nucleic acid sequence of interest sought to be

identified, quantified or sequenced.

Claim 3239. (New) The array of claim 3223, wherein said nucleic acid sequence of

interest sought to be identified, quantified or sequenced comprises a gene sequence

or pathogen sequence.

Claim 3240. (New) The array of claim 3222, wherein said single-stranded nucleic

acids are unlabeled.

Claim 3241. (New) The array of claim 3222 or 3223, wherein said non-porous solid

support is transparent or translucent.

Claim 3242. (New) The array of claim 3223, wherein said non-radioactive chemical

label is quantifiable in or from a fluid or solution, said quantity being proportional to

the amount or quantity of said label or labels.

Claim 3243. (New) The array of claim 3223, wherein said non-porous solid support

is transparent or translucent, and said non-radioactive chemical label is quantifiable in

or from a fluid or solution or in or through said non-porous solid support, said quantity

being proportional to the amount or quantity of said label or labels.
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Claim 3244. (New) The array of claim 3223, wherein said non-radioactive chemical

label comprises a chromagen or a chromagenic compound, a colored dye compound,

a fluorogen or a fluorescent compound, a chemiluminescent compound, a chelating

compound, an enzyme or an enzymatic compound, a coenzyme, biotin, iminobiotin, a

hapten or a ligand.

Claim 3245. (New) The array of claim 3223, wherein a non-radioactive signal from

said non-radioactive chemical label is quantifiable or detectable by photometric

techniques, spectrophotometric techniques, colorimetric techniques, fluorometric

techniques or chemiluminescent techniques.

Claim 3246. (New) A non-porous glass or plastic solid support comprising at least

one single-stranded nucleic acid directly or indirectly fixed or immobilized thereto in

hybridizable form, wherein when said single-stranded nucleic acid is indirectly fixed or

immobilized to said non-porous glass or plastic solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous glass or plastic solid

support.

Claim 3247. (New) A non-porous glass or plastic solid support comprising at least

one double-stranded nucleic acid directly or indirectly fixed or immobilized thereto,

wherein at least one nucleic acid strand of said double-stranded nucleic acid

comprises at least one non-radioactive chemical label which is quantifiable or

detectable, and wherein when said double-stranded nucleic acid is indirectly fixed or

immobilized to said non-porous glass or plastic solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous glass or plastic solid

support.
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Claim 3248. (New) The non—porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous glass or plastic solid support comprises a plate, a well

or wells, a microtiter well or microtiter wells, depressions, tubes, cuvettes, beads, or

a set of said plates, wells, depressions, tubes, cuvettes or beads.

Claim 3249. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous solid support comprises more than one surface.

Claim 3250. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, comprising reactive sites or binding sites thereon, wherein said nucleic acid is

fixed or immobilized to one of said reactive sites or binding sites.

Claim 3251 . (New) The non—porous glass or plastic solid support of claim 3250,

wherein said reactive sites or binding sites comprise one or more amines, hydroxyls or

epoxides.

Claim 3252. (New) The non—porous glass or plastic solid support of claim 3246 or

3247, wherein said non—porous glass or plastic solid support has been treated with a

surface treatment agent, a blocking agent, or both.

Claim 3253. (New) The non-porous glass or plastic solid support of claim 3252,

wherein said surface treatment agent comprises an amine providing compound, an

epoxy glue or solution, an acid solution or ammonium acetate.

Claim 3254. (New) The non-porous glass or plastic solid support of ‘claim 3252,

wherein said blocking agent comprises Denhardt's solution.
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Claim 3255. (New) The non—porous glass or plastic solid support of claim 3246 or

3247, wherein said direct or indirect fixation or immobilization‘ to said non—porous

solid support is covalent

Claim 3256. (New) The non—porous glass or plastic solid support of claim 3246 or

3247, wherein said direct or indirect fixation or immobilization to said non—porous

solid support is non-covalent.

Claim 3257. (New) The non—porous glass or plastic solid support of claim 3246,

wherein said single-stranded nucleic acid is indirectly fixed or immobilized to said non-

porous glass or plastic solid support by sandwich hybridization or by hybridization to a

complementary nucleic acid strand.

Claim 3258. (New) The non—porous glass or plastic solid support of claim 3247,

wherein onestrand of said double-stranded nucleic acid is indirectly fixed or

immobilized to said non—porous glass or plastic solid support by sandwich

hybridization or by hybridization to a complementary nucleic acid strand.

Claim 3259. (New) The non—porous glass or plastic solid support of ‘claim 3246,

wherein said nucleic acid or sequence comprises DNA or RNA.

Claim 3260. (New) The non—porous glass or plastic solid support of claim 3247,

wherein said nucleic acid or sequence comprises DNA, RNA, or both.

Claim 3261. (New) The non—porous glass or plastic solid support of claim 3246,

wherein said nucleic acid comprises a nucleic acid sequence complementary to a

nucleic acid sequence of interest sought to be identified, quantified or sequenced.
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Claim 3262. (New) The non-porous glass or plastic solid support of claim 3247,

wherein one strand of said double-stranded nucleic acid comprises a nucleic acid

sequence of interest sought to be identified, quantified or sequenced.

Claim 3263. (New) The non-porous glass or plastic solid support of claim 3246,

wherein said sing|e—stranded nucleic acid is unlabeled.

Claim 3264. (New) The non-porous glass or plastic solid support of claim 3246 or

3247, wherein said non-porous glass or plastic solid support is transparent or

translucent.

Claim 3265. (New) The non-porous glass or plastic solid support of claim 3247,

wherein said non-radioactive chemical label is quantifiable in or from a fluid or

solution, said quantity being proportional to the amount or quantity of said label or

labels.

Claim 3266. (New) The non-porous glass or plastic solid support of claim 3247,

wherein said non-porous glass or plastic solid support is transparent or translucent,

and non-radioactive chemical label is quantifiable in or from a fluid or solution or in or

through said non-porous glass or plastic solid support, said quantity being proportional

to the amount or quantity of said label or labels.

Claim 3267. (New) The non-porous glass or plastic solid support of claim 3246,

comprising more than one single-stranded nucleic acids directly or indirectly fixed or

immobilized in hybridizable form to said non-porous glass or plastic solid support.
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Claim 3268. (New) The non-porous glass or plastic solid support of claim 3247,

comprising more than one doub|e—stranded nucleic acids directly or indirectly fixed or

immobilized in hybridizable form to said non-porous glass or plastic solid support.

Claim 3269. (New) A set comprising the non-porous glass or plastic solid supports

of claim 3246.

Claim 3270. (New) A set comprising the non-porous glass or plastic solid supports

of claim 3247.

Claim 3271. (New) A non-porous solid support comprising single-stranded nucleic

acid directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said nucleic acid is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non-porous solid support.

Claim 3272. (New) A non-porous solid support comprising a single-stranded nucleic

acid directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said nucleic acid is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non-porous solid support.

Claim 3273. (New) A non-porous solid support comprising nucleic acid directly or

indirectly fixed or immobilized thereto in hybridizable form, wherein when said nucleic

V acid is indirectly fixed or immobilized to said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non-porous solid support.
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Claim 3274. (New) A non-porous solid support comprising DNA or RNA directly or

indirectly fixed or immobilized thereto in hybridizable form, wherein when said DNA or

RNA is indirectly fixed or immobilized to said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3275. (New) A non-porous solid support comprising double-stranded nucleic

acid fixed or immobilized thereto, wherein at least one nucleic acid strand of said

double-stranded nucleic acid comprises at least one non—radioactive chemical label

which is quantifiable or detectable, wherein when said nucleic acid is indirectly fixed

or immobilized to said non-porous solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3276. (New) A non-porous solid support comprising a double-stranded nucleic

acid fixed or immobilized thereto, wherein at least one nucleic acid strand of said

double-stranded nucleic acid comprises at least one non—radioactive chemical label

which is quantifiable or detectable, wherein when said nucleic acid is indirectly fixed

or immobilized to said non-porous solid support, said indirect fixation or

immobilization is not to a cell fixed in situ to said non-porous solid support.

Claim 3277. (New) The non-porous solid support of claim 3271, 3272, 3273,

3274, 3275, or 3276, wherein said non-porous solid support comprises glass or

plastic.

Claim 3278. -(New) The non-porous solid support of claim 3271, 3272, 3273,

3274, 3275, or 3276, wherein said non-porous solid support comprises more than

one surface.
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Claim 3279. (New) A system comprising a non—porous solid support and DNA or

RNA directly or indirectly fixed or immobilized thereto in hybridizable form, wherein

when said DNA or RNA is indirectly fixed or immobilized to said non-porous solid

support, said indirect fixation or immobilization is not to a cell fixed in situ to said

non—porous solid support.

Claim 3280. (New) A system comprising a non-porous solid support and nucleic acid

directly or indirectly fixed or immobilized thereto in hybridizable form, wherein when

said nucleic acid is indirectly fixed or immobilized to said non-porous solid support,

said indirect fixation or immobilization is not to a cell fixed in situ to said non-porous

solid support.

Claim 3281. (New) A system comprising a non-porous solid support and double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non—radioactive

chemical label which is quantifiable or detectable, and wherein when said nucleic acid

is indirectly fixed or immobilized to said non-porous solid support, said indirect

fixation or immobilization is not to a cell fixed in situ to said non—porous solid support.

Claim 3282. (New) A system comprising a non-porous solid support and a double-

stranded nucleic acid fixed or immobilized thereto, wherein at least one nucleic acid

strand of said double-stranded nucleic acid comprises at least one non—radioactive

chemical label which is quantifiable or detectable, and wherein when said nucleic acid

is indirectly fixed or immobilized to said non-porous solid support, saidlindirect

fixation or immobilization is not to a cell fixed in situ to said non—porous solid support.

Claim 3283. (New) The system of claim 3279, 3280, 3281 or 3282, wherein said

non-porous solid support comprises glass or plastic.
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Claim 3284. (New) A non—porous solid support comprising nucleic acid directly fixed

or immobilized thereto in hybridizable form.

Claim 3285. (New) A non—porous solid support comprising a nucleic acid directly

fixed or immobilized thereto in hybridizable form.

Claim 3286. (New) A non—porous solid support comprising DNA or RNA directly

fixed or immobilized thereto in hybridizable form.
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that contain a specific gene

MICHAEL CRUNSTEIN‘ AND DAVID S. Hocmzsst

Communicated by A. D. Kaiser, August 4, 1975

ABSTRACT A method has been developed whereby a
very large number of colonies of Escherichia coli carrying
different hybrid plasmids can be rapidly screened to deter-
mine which hybrid plasmids contain a specified DNA se-
quence or genes. The colonies to be screened are formed on
nitrocellulose filters, and, after a reference set of these colo-
nies has been pre ared by replica plating, are lysed and their
DNA is denature -and fixed to the filter in situ. The resulting

DNA-prints of the colonies are then hybridized to a radioac-
tive RNA that defines the sequence or gene of interest, and
the result of this hybridization is assayed b autorad'iogra-
phy. Colonies whose DNA- rints exhibit hybridization can
then be picked from the re erence plate. We have used this
method to isolate clones of ColEl hybrid plasmids that con-
tain Droso hila melanogaster enes for 18 and 28S rRNAs.
In princip e, the method can e used to isolate any gene
whose base sequence is represented in an available RNA. 

Segments of DNA from Drosophila melanogaster chromo-
somes (Dm segments) can be isolated by cloning hybrid
DNA molecules that consist of a Dm segment inserted into
the circular DNA of an Escherichia coli plasmid. We have
previously reported on the use of such cloned segments in
the analysis of DNA sequence arrangements in the mela-
nogaster genome (1-3). However, that analysis has been
limited by our inability to isolate cloned Dm segments that
contain a specified DNA sequence or gene. In this articlelwe
describe a procedure that permits the isolation of such spe-
cific Dm segments, and which can be extended to DNA seg-

ments from any organism. ‘ '
Experimental Plan. Consider an experiment in which the

Dm segments in a random set are individually inserted into
a given E. coli plasmid. Transformation of E. colt‘ by these
hybrid plasmids to a phenotype conferred by genes in the
parental plasmid will yield colonies that individually contain
a single cloned Dm segment (1-3). If these segments are ran-
domly distributed and exhibit a mean length of 10,000 base
pairs, or 10 kb, then we expect that about one colony in
16,000 will contain a particular nonrepetitive D. melanogas-
ter DNA sequence the length of a typical structural gene,
i.e., 1-2 kb. Hence, the goal is to devise a screening proce-
dure whereby one can rapidly determine which colony in
thousands contains such a sequence.

The screening procedure that we have developed is de-
Signed to detect sequences that can hybridize with a given 

Abbreviations: kb (kilobases), 10_00 bases or base pairs in single- or
double-stranded nucleic acids, respectively; Dm, a segment of Dra-
-Saphila melanogaster DNA; cDm and pDm, hybrid plasmids con-

~ sisting of a Dm segment inserted into ColE1 and pSC10l DNAs, re-
spectively; SSC 3 0.15 M NaCl, 0.015 M sodium citrate; cRNA,

‘ RNA complementary to DNA; rDNA, DNA coding for ribosomal
RNA.

Biology, University of California, Los Angeles. Calif. 90024.
l To whom reprint requests should be sent.
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Colony hybridization: A method for the isolation of cloned DNAS

(Drosophila melanogaster DNA/recombinant DNA molecules/plasmids/18-288 rRNA genes/autoradiography)

Department of Biochemistry, Stanford University School of Medicine, Stanford, California 94305

radioactive RNA." In this procedure the colonies to be,
screened are first grown on nitrocellulose filters that have
been placed on the surface of agar petri plates prior to inoc-
ulation. A reference set of these colonies is then obtained by
replica plating (4,)‘to additional agar plates that are stored at
2-4°C. The colonies on the filter are lysed and their DNAs A
are denatured and fixed to the filter in situ to form a
"DNA-print" of each colony. The defining, labeled RNA is
hybridized to this DNA. and the result of the hybridization is
monitored by autoradiography on x-ray film. The colony
whose DNA-print exhibits hybridization with the defining
RNA can then be picked from the reference set.

The characteristics of thisprocedure and its application to
the isolation of hybrid plasmids containing the D. melano-
gaster genes for '18’ and '28'S rRNAs are described in this
paper. -

MATERIALS AND METHODS
Bacteria. E. coli K12 strains HB10l, HB10l [pDm103],

and C600 [pSC10l] are those used previously (plasmids are

indicated in brackets) (3). Strain W3110 has been described
(5), and W3110 (ColE1] was obtained from D. R. Helinski.

DNAs, Complementary RNAS (cRNAs), and Enzymes.
pDm103 (3) and ColE1 (6) DNAS were generously provided
by D: M. Glover and D. I. Finnegan, respectively, and were
prepared from HB101 [pDm103] and W3110 [ColE1] ac-
cording to the indicated references, except that the ColE1
was amplified by overnight incubation of W3110 [ColEl] in
the presence of chloramphenicol (7) prior to lysis. 32P- and
31-I-labeled cRNAs were transcribed in uitro from these
DNAs with E. colt’ RNA polymerase (8), as described by
Wensink et (11. (1). The RNA polymerase wasprepared ac-
cording to the indicated reference, and was the generous gift
of W. Wickner. Pancreatic ribonuclease and proteinase K
were_ obtained from Worthington Biochemical Corp. and E.

. Merck Laboratories, respectively.

.'Present address: Molecular Biology Institute and Department of V
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Colony hybridization

Formation of the Filter and Reference Sets of Colonies.

Colonies are formed on Millipore HA filters (0.45 pm pores)
that have been washed three times in boiling H20 (1 min

per wash), placed between sheets of absorbant paper, auto-
claved at 120° for 10 min, and dried for 10 minin the auto-

clave. The filter is then placed on an L-agar petri plate (1)
and the desired bacteria-are transferred to the filter surface

either by spreading or using sterile toothpicks to obtain 57
colonies per cm2 after incubation of the filter-plate at 37°.
The reference set is produced by replica plating of the colo-
nies that develop on the filter to L-agar plates and is stored
at 2--4°. '
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FIG. 1. Apparatus for treatment of colonies on filters. To wet the underside of the filter, solutions are. introduced through ports (a) or
(b), while the tube connected to the vacuum port is clamped off. Solutions are removed through the vacuum port which is connected to a

Lysis, DNA Denaturation, and Fixation. To prevent
movement of the bacteria or DNA from their colonial sites

during lysis, denaturation and fixation, the solutions used to

effect these reactions are applied to the underside of the fil-
ter and allowed to diffuse into the colony. The apparatus
shown in Fig. 1 has been designed for this purpose. The fil-
ter is lifted from the agar plate and placed on the perforated
disc that is set in a plastic cylinder which has ports cut into it
to introduce solutions sequentially to the underside of the fil-

ter and to apply vacuum. Unless otherwise indicated, all op-
erations are carried out at room temperature (20—25°).

Lysis and DNA denaturation are effected by introducing
0.5 N NaOH beneath the filter until it barely floats. After 7
min the NaOH is slowly removed with a minimum of vacu-
um, and replaced by 1.0 M Tris-HCl (pH 7.4) for 1 min.
This solution is replaced with the same buffer, after which

the pH of the solution in contact with the filter should be ap-
proximately neutral. The last wash ‘is replaced by 1.5 M
NaCl, 0.5 M Tris-HCl (pH 7.4), which _is removed after 5
min. The stainless steel collar is then placed over the filter,
and full vacuum is applied for approximately 2 min until
the colonial residues assume a dry appearance. At this point
there is less danger of movement from the colonial site and

the remaining solutions can be layered on the upper side of
the filter.

A 2 mg/ml solution of proteinase K in 1 X SSC (0.15 M
NaCl, 0.015 M sodium citrate) is added to just cover the fil-
ter. After 15 min, it is removed by vacuum filtration, and

95% ethanol (1 ml/cmz of filter) is similarly passed through
the filter. After five washes effected by passing chloroform
through the filter (2 ml/cm” per wash), the filter is removed
from the apparatus, dipped into 0.3 M NaCl to remove loose
cellular debris, and baked at 80° in oacuo for 2 hr.

Page 1510f187'

water aspirator. Other procedures are described in the text. ", inches (2.54 cm); o.d., outside diameter;P.V.C., polyvinyl chloride.

Hybridization and 32P-Autoradiography or 3H-Fluoro-
graphy. The dry filter is moistened with a 5 X SSC, 50%

formamide solution containing the labeled RNA, using
10-15 p.l/cm2 of filter. The filter is covered with mineral oil,

incubated for 16 hr at 37° to allow hybridization, and then
washed for 10 min in a beaker containing chloroform that is’
gently agitated on a shaking platform. Two more identical
chloroform washes are followed by 10 min washes in 6 X
SSC, 2 X SSC, and 2 X SSC containing 20 ug/ml of pancre-
atic ribonuclease. If the RNA is 32P-labeled, the filter is blot-
ted to remove excess liquid, covered with Saran Wrap, and
placed under Kodak RPS/54 x-ray film for autoradiography.
If the RNA is 3H-labeled, the filter is dried for 30 min at 80°

in oacuo, and '40’ul of 7% 2,5-diphenyloxazole (PPO) in
ether is applied per cm” of filter. The dry filter is then
placed under x-ray film for fluorography at --82° (9). f

RESULTS

Colony hybridization distinguishes between
[ColEl]+ and [ColEl]‘ bacteria

We have turned increasingly toward the use of the colicino-
genic plasmid, ColE1, as a cloning vector because one can
obtain much higher cellular concentrations of its hybrids (7)
than is the case for the tetracycline resistance plasmid.
pSCl01, which we used previously (1-3). The first test sys-
tem for colony hybridization therefore consisted of 32P-la-
beled cRNA made by transcription of ColEl DNA in uitra '
with E. colt‘ RNA polymerase, and E. colt’ containing or not
containing ColE1, i.e., [ColE1]"' or [ColEl]' bacteria.

Fig. 2A shows the autoradiographic response obtained
after hybridization of [32P]cRNA to the DNA-prints of
[ColEl]+ and [ColE1]‘ colonies formed on nitrocellulose fil-
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FIG. 2. Hybridization of ColE1 CRNA to_ [ColE1]‘ and

[ColE1]" colonies. The procedures for colony hybridization, auto-
radiography, and fluorography are described in Materials and
Methods, as are the W3310 and W3110 [ColE1] E. coli strains used
to form the [ColE1]' and [ColE1]*‘ colonies, respectively. (A) 1 X
105 cpm of [”P]cRNA (5 X 107 cpm/pg) were applied to each
13-mm filter (area = 1.3 cm2)' in a 20 pl volume. After hybridiza-
tion, the DNA-prints of [ColE1]* colonies contained an average of
1.8 X 107 cpm per colony, which is 30-fold greater than the back-
ground radiation from an equivalent area on the filter. Exposure
time = 45 min. (B) A mixture of [Co1E1]* and [ColE1]' bacteria in
a 1:100 ratio was spread on a 47-mm filter (area = 17.3 cm’) to ob-
tain a total of 1 to _2 X 102 colonies per filter; 5 X 105 cpm of
[-'”P]cRNA (3 X 10" cpm/ug) in 250 pl were applied to the filter.
Exposure time = 4 hr. (C) A 1:1 mixture of [ColE1]‘* and [ColE1]‘

nies, of which 52 gave the A" response seen in the figure; 1 X 103
cpm of [3H]cRNA (2 X 107 cpm/pg) in 200 pl were applied to the
filter. Exposure time = 24 hr.

ters. The positive response given by the [ColE1]"‘ colonies is
abbreviated by A"' and the negative response of [ColE1]‘
colonies by A‘. Colonies obtained by spreading mixtures of
[ColE1]"' and [ColEl]" bacteria in different ratios gave the
expected frequencies of ‘A+ and A‘ responses. Fig. 2B shows
the result obtained when [ColE1]"'/[ColEl]" = 1/100.

A more precise measure of the specificity of colony hy-
' bridization of mixtures is given by the following experiment

in which a 1:1 mixture of [ColE1]+ and [ColE1]'“bacteria

’ was spread on a filter to yield 31 colonies. Hybridization and
autoradiography revealed that 16 were A"’ and 15 A‘. Bac-

TOTAL cRNA

 
1:21. _ t T-— [pDm 1031* lpDmi103l"

cum on - - , .

- 750 30.0 4

' 750 _ 0.033

3750 0.19

7500 0.33 f ‘

_: 15,000 75.0

30,000 1.5
.'I‘-.'

- 3 F“). 3. Hybridization of different amounts of ‘ pDm103
l 2PIcRNA to [pDm103]” and [pDm103]‘ colonies. Colonies were

=3» Obtained by transferring HB101 [pDmI.03] or HB101 bacteria, re-
. spectively, to 13-mm filters with toothpicks. In the experiments
, Where 51.5 ng of cRNA were applied per filter, the specific activity

ii = 2 X 107 cpm/pg. The lower specific activities used for the otheri.-
two experiments were obtained by mixing this cR_NA with unla-

.' beled pDm103 cR.NA. The weak response observed for [pDm103]‘
3 Colonies could result either from E. cell’ DNA impurities in the
H P0111103 DNA preparations used to prepare the [32P]cRNA, or
'— ‘"0111 some similarity of sequence in pDm103 and E. coli DNAs.
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bacteria was spread on a 47-mm filter to obtain a total of 93 colo- . '
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teria from each of the corresponding colonies on the agar
replica plate were then tested for colicin production accord-
ing to an overlay technique described by Finnegan and Wil-
lets (10). All 16 A‘‘’ colonies were colicin—positive (i.e.,

[ColE1]+); all 15 A‘ colonies were colicin-negative and
therefore presumed to be [ColE1]‘.

Fig. 2A and B show that the position of A ‘colonies can be

detected on the autoradiograph because of the higher back-
ground radiation from the filter itself. While this back-
ground radiation is convenient for the direct visualization of
A‘ colonies and is not critical to the observation of the A+

response obtained with cRNAs, it may become an important
factor with other RNAs if they give a weaker A*' response.
Our observations indicate that the level of this background
varies with the preparation of labeled RNA and, possibly,
with the batch of filters, but we have not examined such fac- -
tors in detail.

‘Fig. 2C shows that the colony hybridization procedure
can be adapted to 31-I-labeled cRNA by impregnating the fil-
ter with 2,5-diphenyloxazole after hybridization and prior to
placement on the x-ray film (Materials and Methods). Of

the 93 colonies obtained by spreading a 1:1 mixture of
[ColE1]""'and.[ColE1]‘ bacteria, 52 were Al’ and 41 A‘. We

estimate from the extent of the A+ response that this “H-
fluorography is about one-twentieth as efficient as the 32P-
autoradiography. ~

The autoradiographic response is proportional to the
total radioactivity of the applied cRNA and insensitive
to its specific activity

We next examined the dependence of the A"' response on
the total and the specific radioactivity of the applied cRNA.
In this case, the 37-’P-labeled cRNA was‘ transcribed in cum

from a hybrid plasmid called pDrn103, and hybridized to
DNA-prints of colonies that either contained this hybrid,
[pDm103]+, or did not, .[pDm103]‘. The pDm103 hybrid
was formed between pSC101 plasmid DNA (9 kb) and a seg-
ment of D. melanogaster DNA (Dm103; 17 kb) that con-
tains the gene for '18’ and ‘28’S rRNAs (3). '

Fig. 3 shows that the autoradiographic response‘ obtained
when pDm103 [32P]cDNA was hybridized to 13-mm filters
containing [pDm103]*' colonies is roughly proportional to
the total radioactivity. It is clearly insensitive to the mass of
CRNA containing that radioactivity, i.e., to its specific activi- '
ty. For example, the response to 750 cpm of [32P]cRNA is
approximately the same whether contained in 0.038 ng or in
30 ng. Similarly the response to 15,000 cpm contained in 75
rig is intermediate between that to 7,500 cpm and 30,000
cpm, although the last two samples contained only 0.38 and
1.5 ng, respectively. This would "suggest that the RNA«DNA
hybridization is occurring under conditions of DNA excess
even when 75 ng of pDm103 cRNA are applied per 13 mm
filter. However, we have calculated that there is only some 2

ng of pDm103 DNA per colony [i.e., (2 X 107 cells per colo-
ny) X (4 pDm103 _per cell) 2.9 X 10‘3 ng DNA per
pDm103]. This value is based on our observation of 2 X 107
cells per 1 mm colony and the presence of 4 pDm103 per
cell in liquid culture.(3). Evidently only a small fraction of
the applied CRNA can react with the DNA-prints on the fil-

-ter even though the reaction is occurring ostensibly in DNA
excess. A similar result was observed when ColE1 CRNA was ~'

hybridized to [ColE1]+ colonies (legend, Fig 2A). Of 2 ng
cRNA applied to each filter only 0.004 ng (i.e., 0.2%) hybri-
dized per '[ColE1]*' colony. A 1 mm [ColE1]-+ colony is esti-
mated to contain 3-4 ng of ColE1 DNA.
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A" simple explanation of these results is obtained if one as-
'\ sumes that most or all of the CRNA in the small fraction of

the RNA solution which wets a DNA-print will hybridize,

and that the remainder of the CRNA will not hybridize at a
significant rate, due perhaps to its slow diffusion through the
nitrocellulose,,or because of other barriers. Thus a DNA-

print from a l-mm colony, which occupies 0.6% of the area
of a 13-mm filter, would be expected to hybridize S0.6% of

the applied RNA, an expectation that is compatible with the
0.2% observed. For a given ratio of colony to filter area, the
fraction of applied cRNA that hybridizes to a DNA-print, in
conditions of local DNA excess, would therefore be constant

and independent of the total applied cRNA over a wide
range of values. '

Colony hybridization with cRNA to pDml03 rovides
a screen for cDm plasmids containing D. me anogaster
rDNA

Hybrid plasmids consisting of a Drn segment inserted into
ColEl DNA are called cDm plasmids, as distinguished from
pDm plasmids where the Dm segment has been inserted
into pSCl01. In this section we describe two applications of '
colony hybridization that result in the isolation of cDm plas-
mids that contain DNA from the repeating gene-spacer units
for '18-28'S rRNAs (i.e., rDNA) in D. melanogaster (3). In
the first application, [32P]cRNA to pDml03 was used to iso-
late clones of cDm103 plasmids; i.e., plasmids in which the

Dm103 segment is inserted into ColE1 DNA at its single
EcoRI endonuclease cleavage site (7). In the second applica-
tion, the same [32P]cRNA was used to screen a large set of
random cDm clones for rDNA. cRNA formed by transcrip-

tion of the entire pDml03 DNA can be used for these pur-
poses since we have demonstrated that pSCl01 and ColE1
sequences do not interact to give a significant A" response
(data not shown). .

Cleavage of circular pDml03 DNA with the EcoRI re-

striction endonuclease yields intact Dm103 segments and
linear pSCl01 DNA (3). In cooperation with D. M. Glover,
we treated a mixture of EcoRI—cleaved pDml03 and ColEl ~
DNAs with E. coli ligase under previously described condi-

tions (3), and then transformed colicin-sensitive E. coli to
colicin El immunity with this mixture of ligated DNAs (11).
Since the EcoRI termini of the linear ColEl, pSCl01, and
Dm103 molecules‘ can be randomly joined by the ligase, any
of the following circular products of this ligation may be
present in the colonies of transformants: (1') recyclized ColEl
-(monomers, dimers, etc), (ii) molecules containing one
ColEl and one pSCl01 segment [abbreviated by (c);(p)1],
(iii) (c)1(Dm103)1 molecules, i.e., the desired cDml03 plas-
mids, or (iv) rarer more complex combinations, such as
(c)1(p)1(Dm103)1, which contain one or more copies of
ColE1.

Forty-eight of the transformants were screened for the

presence of either pSCl01 or Dm103 segments by colony
hybridization with [32P]cRNA to pDml03 (Fig. 4A), and for
the presence of the pSCl01 segment by testing for resistance
to tetracycline. Of the eight A+ tr'ansformants shown in Fig.
4A, six were tetracycline resistant and probably contain
(c)1(p)1 plasmids. Theylwere not examined further. The re-
maining two (indicated by 1 and 2 in Fig. 4A) were tetracy-
cline sensitive, and were assumed to contain cDml03 plas-
mids; they were designated cDm103/1 and cDml03/2, re-
spectively.

Proof of this assumption was obtained by electron micro-
scopic examination of the plasmids isolated from the two
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FIG. 4. (A) The screen for cDm103 hybrids. 5 pg of pDml03
DNA and 0.25 pg of ColE1- DNA were cleaved to completion with
EcoRI endonuclease (in 0.120 nil of 0.1 M Tris-HCl, pH 7.5, 0.01 M
MgSO4), heated for 5 min at 65° to inactivate the enzyme and
brought to 4°. The DNAs were then incubated at 14° with DNA li-
gase (14 pg/ml) in 0.1 M Tris-HCI, pH 7.5, as well as a reaction
buffer consisting of 0.1 mM DPN, 1 mM EDTA, 10 mM
(NI-M2804, 10 mM MgSO4 with 100 pg/ml of bovine serum albu-
min for 120 min in a total volume of 0.140 ml. The solution was
then diluted _3-fold with the same reaction ‘buffer and incubated
for 36 hr at 14° in the presence of ligase (10 ug/ml). The ligated
mixture of EcoRI-cleaved pDml03 and ColE1 DNAs (see text)
was used to transform HB101 to colicin E1 immunity as described
previously (11). Each of 48 transformants were transfered by
toothpick to a 47-mm filter for colony hybridization (Materials
and Methods), and to L-agar plates containing 15 ug of tetracy-
cline per ml. 5 X 105 cpm of pDml03 [32P]cRNA (2 X 10" cpm/ug)
were used for the colony hybridization, which after a 6-hr exposure
yielded the above autoradiograph. The colonies marked 1 and 2
contain cDm103/1 and cDml03/2 hybrids, respectively. (B) Elec-
tron micrograph of a pDml03-cDm103/2 heteroduplex. pDml03

xz-:12.

' ‘and cDml03/2 circular DNAs were randomly nicked (broken in
one strand) by x-rays. The procedures for denaturation and rena-
turation of these DNAs to form heteroduplexes, for spreading in
40% formamide prior to electron microscopy, and for measuring
contour lengths have'been described (1). pSCl01 (9.2 kb; ref. 1)
was used as an internal reference for double-stranded lengths (DS
in the figure); no reference was used for single-stranded lengths
(SS), as only the ratio of two SS-lengths is used in the analysis (see
text). (C) Electron micrograph of a cDm103/1-cDm103/2 hetero-
duplex. The procedures are given in (B) above. See text for expla-
nation. (D) The screen for cDm hybrids containing D. melanogas-
ter rDNA. Hybrids between EcoRI-cut ColE1 and randomly bro-
ken Dm segments were formed as indicated in the text, and then

_ used to transform HB101 to colicin E1 immunity as in (A) above.
300 independent transformants were transferred to six 47-mm fil-
ters, each of which contained six control colonies of HB101

[pDml03] at the top of the pattern. 5 X 105 cpm of pDml03
[3"'P]cRNA (2 X 107 cpm/ug) was applied per filter for the colony
hybridization. The autoradiograph in the figure resulted from one
of the six filters after a 5-hr exposure, and shows one of the five
rDNA hybrids (cDm204) identified by this screening procedure.

transformants, and of heteroduplexes formed between
pDml03 and cDml03/2, and between cDm103/1 and

cDml03/2. The mean lengths :i:SD (n = 18) of cDm103/1
and cDml03/2 are 23.0 (:l:l.2) kb and 21.7 (i1.5) l<b, re-

spectively. The sum of the lengths of Dml03 (17 lcb) and
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ColEl (6 kb; ref. 7) is 23 lcb, in reasonable agreement with
these values.

A heteroduplex formed between pDm103 and cDm108/2
is shown in Fig. 4B. It consists of a 17_ kb double-stranded el-

ement whose ends are connected by each of two single-
stranded elements that exhibit a length ratio of 1.5. This is
the structure expected if cDm103/2 consists of a Dm103
segment inserted at the EcoRI cleavage site of, ColEl; i.e.,
the double-stranded element represents the paired Dm103
segments of the two plasmid strands, and the larger and
smaller single-stranded elements represent the pSC101 and
ColEl segments respectively (expected length ratio = 9
kb/6 kb = 1.5). .

The heteroduplex formed between cDm103/l and
cDm103/2 consists of a 17 kb duplex whose ends are con-

nected by two single-stranded elements of equal length (Fig.
4C). The simplest explanation of this structure is that the

' Dm103 segments were oppositely inserted into ColEl dur-

ing formation of cDml03/1 and cDml03/2. If the Dm103
segments in the single strands of two such oppositely orient-
ed plasmids pair to create a 17 kb duplex element, then the-
two single-stranded ColEl segments would contain identical
rather than complementary base sequences, and could not
pair.

The last experiment consists in screening hundreds of dif-
ferent [cDm]+ colonies for rDNA. The [cDm]+ colonies
were obtained by. transformation of colicin-sensitive E. colt‘
to immunity with a heterogeneous population of cDm mole-
cules constructed from EcoRI-cleaved ColEl and random

Drn segments (obtained by shear breakage) by the poly(dA)-
poly(dT) joining method (1). These transforrnantswere pro-
vided by D. I. Finnegan and G. Rubin. They were individu-
ally transferred by toothpick to six 47-mm nitrocellulose fil-
ters, each filter containing about 50 independent transfor-
mants. Colony hybridization with pDm103 [32P]cRNA indi-
cated no A*’ colonies on three filters, 1 A* colony on two fil-
ters, and 3 A* colonies on one filter. The autoradiograph of
one of the two filters containing a single A’' colony,
cDm204, is given in Fig. 4D (the top row of A4’ colonies on
the filter are [pDm103]*' controls). When each of the 5 Al’
colonies was retested by repeating this colony hybridization
on subclones, such subclones were consistently A*’.

Since pSC101 and ColEl sequences do not interact to give
an A+ response, we presume that the cDm plasmids in these
5 A*' colonies containsequences present in Dm103; i.e., they
contain rDNA from D. melanogaster. Indeed, D. M. Glover
and R. L. White (personal communication) have shown re-
cently that the 28 kb Dm segment in cDm204 contains the
same arrangement of‘ '18’-'28'S and spacer sequences as is
found in Dm103. '

DISCUSSION -

In principle, colony hybridization of cloned hybrid plasmids
Can be used to isolate any gene, orlother DNA segment,
Whose base sequence is represented in_ an available RNA.
We used cRNA to pDml03 for the isolation of cDm plas-
mids containing rDNA. However, as we have observed that

-lpDm103]"' colonies give an adequate A*’ response with “H-
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labeled '18’ plus ‘28'S rRNAs isolated from D. melanogaster
cell cultures (3), the isolation could have been accomplished
with these rRNAs. For rRNA the genes are repeated hun-
dreds of times per genome, and this is the reason that we

were able to isolate several hybrids containing rDNA by
screening only a few hundred colonies.

By contrast,-we calculate that it would be necessary to
screen approximately 50,000 hybrid clones to have a 95%
chance of finding a hybrid containing a nonrepeated struc-
tural gene of typical length from D. melanogaster. From
the data given in Fig. 3 and assuming 24-hr exposures, we
estimate that this would require a total of approximately 4 X
105 cpm of [32P)mRNA (specific activity 2 4 X 105 cpm/pg)
applied to about one hundred thirty-five 82-mm filters.
Thus a screen of this size is quite feasible. The isolation of
nonrepeated genes from larger genomes would, of course,’
proportionately increase the number of colonies to be

screened and hence the total required radioactivity. I
’ An important advantage of colony hybridization is that it

facilitates containment of any potentially hazardous hybrid
. plasmids that may.be cloned in such large screening opera-

tions. By confining the reproductive state of the hybrid-
clones to colonies, the probability of escape is reduced over
that for liquid cultures because the number of bacteria per

’ clone is generally smaller and aerosols or accidental spills are
less likely. Furthermore the screening operation can be con-
fined to small, controllable areas.
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Total Dictyostelium discoideum messenger RNA prepared from cells at the eighth
hour of development in suspension culture has been copied into DNA. This DNA

. was inserted into the plasmid PMB9 and used to transform Escherichia coli.

The resulting “clone bank” was screened using an in situ hybridization technique
in which replicate copies of a set of clones were hybridized with mRNA isolated’
from ' vegetative (non-developing) cells and from cells at the eighth hour of
development. The mRNA was labelled in vitro so that the amount of hybridiza-
tion to a given -clone is a measure of the relative abundance of the mRNA com-
plementary to the DNA in that clone. By comparing the amount of hybridization
of the mRNA preparations to each clone, it has been possible to identify plasmids

' I contai.ning D. discoideum DNA whose complementary mRNA increases or
decreases in abundance- during development. These observations are direct proof '
of a change in mRNA concentration during D. discoideum development for"
individual high and medium abundance mRNA species. We can estimate from
these results the proportion of such mRNA species whose concentration _ in-
creases significantly during development and We find that only a small fraction
show such a change. ‘ i -

1. Introduction

Dictyostelium discoideum amoebae multiply as isolated cells and development begins
- when their food source is exhausted. Cells aggregate by chemotaxis and undergo
differentiation into two cell types (spore and stalk cells) to form a mature fruiting

- body, the Whole process taking about 24 hours. During this developmental progression
a number of new enzymes appear and there is some indirect evidence that their syn-
thesis is controlled at the level of transcription (see Loomis, 1975). Such a sequence of
gene activations, occurring in response to the signals of normal development, provides
an excellent system for studying the control of gene expression in eukaryotes.

"Gene organization and transcription in D. discoidenm are similar to that found in
higher eukaryotes. Though the genome is very much smaller than that of higher
eukaryotes (11 times larger than Escherichia coli) it contains repetitive and single
Copy interspersed in a similar manner (Firtelet al., 1976). At least the majority of
messenger RNA molecules contain a 3’ terminal poly(A) sequence (Firtel et al., 1972)
and a 5’ terminal cap structure (Dottin et al., 1976), both added post-transcriptionally.
Estimates from RNA excess hybridization to genomic DNA (Firtel, 1972), and to

19
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complementary DNA (Lodish et al., 1978), indicate the presence of approximately
5000 different mRNA sequences in vegetative (non-developing) cells. Using RNA
isolated at different developmental stages Firtel, (1972) and Lodish et al. (1978) esti,
mated that a further 5000 or so sequences were transcribed during development
However, Alton.&lLodish (1977) have studied the patterns of proteins synthesized b’
cells at different developmental stages, using two-dimensional gel electrophoresis, and
arrive at a much lower estimate of the number of translationally active mRNA specie" .
-present during both growth and development; Genetic estimates of the number 0

genes required for development are also much lower than 5000’ (Warren et al., 1975:
Williams & Newell, 1976).

 
the first step in the procedure, since this provides an absolute purification of individual.-
mRNA species. Thus we have prepared a “CDNAT clone bank” containing the majorit .
of diflerent polyadenylated (poly(A)+) RNA sequences present at the eighth hour 01‘
development. Using a semi-quantitative in situ hybridization technique we _ havl’
selected several clones whose complementary RNA sequences show thekind ofbehaviour
which might be expected of an mRNA coding for a developmentally regulated enzym
The RNA species hybridizing to the DNA in these clones are present at low (but measu
able) levels in developmental cells but are absent (or presentat an undetectably 10
level) in vegetative cells. The fact that such) clones could be identified is in itself
significant observation, since it proves that there are changes in concentration 0
individual poly(A)+ RNA species during development. We can also make an approx
mate estimate from our results of the fraction of high and medium abundance poly(A
+ RNA species whose concentration is developmentally regulated, and our estimate i
in reasonable agreement with the estimated fraction of proteins which are develop.
mentally regulated (Alton & Lodish, 1977). A l

 

2. Materials and Methods

(a) Cell culture and fractionation

D. dqlscoideum strain _Ax 2 (ATCC 24397 from J. Ashworth) was recovered from spore
every few months and grown in axenic medium (Watts & Ashworth, 1970) containin
100 pg streptomycin/ml. Development was initiated by 2 washes with 20 mM-potassium
phosphate buffer (pH 6-1 to pH 6-2) containing 2 mM-magnesium sulphate and resuspen
sion in the same buffer at 107 cells/ml in a conical flask shaken at 120 revs/min. Develop '
ment was routinely monitored by performing assays for the enzymes cyclic AMP phos_ ~.
phodiesterase (Henderson, 197 5) and glycogen phosphorylase (Town & Gross, 197 8)‘
At the latest stages of development analyzed in this study (10 h) the cAM}_? phosphodi-Z
esterase level was falling, glycogen phosphorylase synthesis had begun (see Fig. 2(a)
and the cells had formed very large aggregates." Thus the cells are at, what would be, th _
post-aggregative stage of development were they developing on agar plates. Cells wet‘
fractionated into nucleus and cytoplasm using the procedure described by Jacobson (1976
but including 0-5% diethyl pyrocarbonate in the lysis bufier.

1’Abbrevia.tions used: cDNA, complementary DNA; cRNA, complementary RNA.
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(b) Purification and labelling of polyadenylated RNA
 
 
 
 

 
 
 

 

  

) cells. Using RNA
fish et al. (1978) estii .. uulose chromatography. Two cycles of binding and elution were routinely performed

this yielded an mRNA preparation with around 50% ribosomal RNA contamination.’
teins synthesized b

electrophoresis, and

ctive mRNA species

:s of the number of

Warren et al., 1975;:

. ‘Davidson, 1976), and [3H]poly(-U) hybridization across a sucrose gradient, both indicated
average size of around 15,000 nucleotides. Poly(A)+ RNA to be end-labelled with 3213
base-cleaved with 0-1 M-NaOH for 1 h at 4°C to yield fragments of around 200 nucleo-

,fig_es in length. After neutralization and precipitation with ethanol RNA was resuspended

.G'; Banks) in a buffer containing 50 mM-Tris (pH 7-6), 5 mM-magnesium chloride, 10 mM-
‘fiiercaptoethanol and 100 p.Ci of (y-WP)-labelled ATP/ml (Radiochemical Centre, Amer-

ggam; spec. act. up to 5000 Ci/mmol). This reaction mix was incubated for 30 min at 37°C
and‘ the labelled RNA was phenolized, passed over a Sephadex G50 column and concen-

by precipitation with ethanol. RNA labelled by this technique normally had a
act. of about 5x 10" cts/min per pg and in optimal cases up to 50% of the input

label could be incorporated into RNA. The RNA had an average size of around 100
‘nucleotides and proved to be as efficient in hybridization as [31-I]cRNA (prepared against
FMB9 plasmid) of around 400 nucleotides in length. .-

iulations containing‘

ion of hybridization I

A species coding for

te only a very smalli

A, in order to make;

 
 

 

 
 

 

(o) Cloning of complementary DNA

(i)’Synthests of complementary DNA
X." Fifty pg of poly(A)+ RNA prepared from cells at the 8th hour of development were
used to synthesize cDNA in a 1-1-ml reaction mix containing 50 mM-Tris (pH 8-3), 60 mm-
sodium chloride, 10 mM-dithiothreitol, 6 mM-magnesium acetate, 0-5 mM-dATP, 0-5 ml»:-
dGTP, 0-5 mM-dTTP, 0-5 mM-[3H]dCTP (spec. act. 200 Ci/mmol) and 5 p.g oligo(dT),_.,/ml.

yregulated enzyme The reaction was initiated by the addition of avian myeloblastosis virus (AMV) reverse
at low (but measur

n undetectablyllow gs;-Ammated after 1 h at 37.30 by the addition of sodium dodecyl ‘sulphate to 0-5%. The
entire reaction mix was then passed over Sephadex G50 in sodium dodecyl sulphate-
cgntaining buffer and the excluded material was concentratedby precipitation with
ethanol and resuspended in .200 id of water. RNA was removed by incubation in 0-3 M-

I N_aOH for 2 h at 37°C and the final yield of cDNA was 625 pg (12-5% weight yield).

11 concentration 0

abundance poly(A
and our estimate is

(ii) Synthesvis of a complementary strand and cleavage of the hairpin loop
which are develop- 5

In an attempt" to optimize the fraction of single-stranded cDNA copies of several
different conditions of second strand synthesis were compared. Using AMV reverse

- et al. (197 6) only 20% of input cDNA could be rendered resistant to S1 nuclease. Using T4
polymerase 63% of the cDNA was rendered S, nuclease-resistant. This yield is comparable

' with that obtained for purified mRNA species such as globin‘(Rougeon & Mach, 1976) or
. ovalbumin (Monahan et al., 1976). This reaction was performed with 6 pg of cDNA whichzovered from spores

h, 1970) containing
h 20 mM-potassium

ihate and resuspen-

revs/min. Develop-

identical to the reverse transcriptase mix except that unlabelled dCTP (again 0-5 mM)
Was used and salt was omitted. The reaction was performed at 37°C and 0-5 p.l portions
were removed at various times during the incubation to determine the fractional S1
nuclease resistance. At the end of the reaction the entire reaction was diluted to a final

vol. of 1 ml in S1 nuclease digestion buffer prepared according to Schenk et al. (1975) and
containing 2x 104 units of S1 nuclease (Miles Research Products Ltd). After 30 min at
25°C the sample was phenolized and passed over a Sephadex G50 column in TE buffer
(10 mM-Tris, pH 8-0,‘ 1 mM-EDTA). Under these conditions 50% of molecules were
cleaved, as monitored by determining the fraction of molecules which displayed zero-order
(Sna-pback) kinetics. The same amount of cleavage occured when enzyme from several
Sources was used and also when the temperature was raised from 25°C to 37°C. Since
similar observations have been made for globin mRNA (Salser et al., 197 6) it is" probable
that no selected class of RNAs was lost by this incomplete cleavage.

n & Gross, 1978).

2 cAMP phosphodi-

gun (see Fig. 2(a))
what would be, the
: plates. Cells were

by Jacobson (1976)

.ry RNA.

 

A 4{m;iA_f‘(;er phenol/chloroform extraction, polyadenylated RNA was prepared by oligo(dT)-‘

Size analysis on 1% agarose gels containing methyl mercury hydroxide (Bailey <36. '

at,‘ 50 pg/ml and incubated with 50 units of T4 polynucleotide kinase/ml (a gift_ of Dr .

transcriptase (a gift of Dr J Beard) to a final concn of .200 units/ml and the reaction was

4 transcriptase (at both 37°C and 45°C) under the low salt conditions described by Monahan .

was incubated with T4 DNA polymerase (a gift of Dr I. Molineux) in a 90-p.l reaction ‘
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(iii) Addition of j2oly(dG) to the double-stranded complementary DNA and insertion 1}PMB9 plasmid ’ ’

-A tract of poly(dG) was added to the double-stranded cD_NA using terminal de_o-
nucleotidyl transferase (gift of Dr J. Colbourn of Miles Research Products Ltd) in a cobal
activated reaction (Roychoudry et al'., 1976) with bovine serum albumin (  
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of [3H]dGTP (present at a concn of 0_-l mM and a spec. act. of 900 cts/min per p_m6
indicated the addition of about 50 dG residues per 3’ terminus (calculated assuming
average length for the DNA of 500 nucleotides). The sample was then extracted
phenol, passed over a Sephadex G50 column in TEN buffer (10 mM-Tris, pH 8-0, 1
EDTA, 200 mM-NaCl) and stored at 4°C. (Alkali sucrose gradient centrifugation indica e
an average single-strand size of around 500 nucleotides for the tailed_ cDNA.) Caesi '
chloride-purified PMB9 plasmid was cleaved with EcoRI (a gift of Dr J. Arrand)
tailed plasmid DNA (final concn O-5 pg/ml)_were annealed in TEN buffer at 60°C for
and the water bath was then allowed to cool to room temperature over a period of roug
4 h. E’. coli strain Hbl0l (Boyer & Roulland-Dussoix, 1969) was rendered transformation ~
competent‘by treatment with 80 mM-CaCl2 and_ transformed with the annealed DN
Cells were plated on L agar (Miller, 1972) containing 15 pg tetracycline/ml. Under thes

..conditions supercoil plasmid has a transformation frequency of 1x106 pg, dC tai
plasmid alone a frequency of l x 1-O3/pg, and plasmid annealed to cDNA a frequency
2X10‘/pg. Transformed clones were tooth-picked into 0-1 ml of L broth (contain'
15 pg tetracycline/ml) in the wells of micro-titre trays, incubated at 37°C overnightfrozen at —70°C after the addition of 0-1 ml, of 16% dirnethylsulphoxide in L broth. '“'"

J‘—.”."V»-..A-nu-..»......=-..,......-i..-—'.-_-.---~...:~....
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(cl) In situ Iiybridization to bacterial colonies

Micro-titretrays were thawed at 37°C and replica cultures were made directly orfte
nitrocellulose filters (Millipore; HAWP 9 cm filters) lying on L agar plates (50 clones we’
transferred simultaneously using a replica plating device). These plates were incubate
overnight at 37°C and the filters wereithen processed by a simplified version of t 0.]
Grunstein & Hogness (1975) procedure using wetted 3 MM paper for alkali denaturatio , at
and neutralization After baking at 80°C for 2 h, filters were placed face down in 9 h.
tissue culture dishes containing 8 ml of hybridization buffer (100 mM-N-Tris(hydroxy W
methyl) methyl amino ethane sulphonic acid (TES), pH 7-4, 0-6 M-NaCl, 1 mM-EDT01% sodium dodecyl sulphate, 25 pg yeast transfer RNA/ml and 50% formamide) wit

‘the required amount of end-labelled RNA (normally 10x 106 cts/min). After 16

I58of187"
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DNA. and insertion in 4 (f) Containment procedures _ I . A
'”-'Z?'The5e experiments were performed in acategory II containment laboratory as defined

1 using terminal deo by the Williams report. .’roducts Ltd) in a cob

albumin (Miles Pentezil
aaction contained 0'6

be level of incorporation
:' 900 cts/min per pmcf
(calculated assuming a,‘ 1.
‘as then extracted Wit

n'M-Tris, pH 8-0, 1 m."
centrifugation indicate

tailed CDNA.) Caesiu

of Dr J. Arrarid) an
‘T buffer at 60°C for 2'2,

3. Results

(3,) Cloning of the total poly(A)+ RNA population from slime mould cells at the
eighth hour of development

The aim of these experiments was to isolate cloned plasmids containing poly(A)+
j;;NA sequences present at very low concentration in a heterogeneous population.
It was important that the cDNA cloning be as eificient as possible, otherwise the final

‘EDNA “clone bank” might not contain sequences derived from all the RNA species in
'the population. We therefore used a procedure (see Materials and Methods) which
-‘gave yields of double-stranded DNA and cleavage of the hairpin loop comparable
with that obtained for purified mRNA species such as globin (Salser et al., 197 6) or
o'valbumin’(Monahan et al., 1976). This cleaved double-stranded DNA was then
“tailed” "With poly(dG) using terminal deoxynucleotidyl transferase, annealed With

-’p‘oIy(dC) tailed PMB9 plasmid and used to transform the E’. coli strain ‘Hb10l to
produce a cDNA clone bank. '

(b) Selection of complementary DNA clones with detectable hybridization to eight; '
hour developmental poly(A + RNA and elimination of “ribosomal” ’

' complementary DNA clones ‘ ‘

We screenedour clones using the in situ hybridization technique of Grunstein &
Hogness (1975). The aim of these experiments was to detect hybridization between
cloned DNA and complementary poly(A)+ RNA sequences present at a very low
concentration in the RNA population. Therefore the background level of hybridization
had to be made as low as possible and several modifications of the published procedure
were developed which proved essential‘ in reducing the apparent hybridization to
PMB9 control clones included on the filter. '

re made directly onto
‘U ..W C7‘ (D(0

3o G I-J o5(D U) €co

plates were incubat

iplified version of the
:'or alkali clenaturatio
ed face down in 9 c

' mM-N-Tris(hydroxy
M-NaCl, l mM-EDTA}

50% formamide) wit _
/min). After 16 h in '
ently shaken at 37°C
N301’ 0,15 M_s0d1u salt concentration from 0-9 M to 0-36 M.

:0 for 30 min, ‘blotte _ - '- - - -
my film Films War (2) Hybridization under paraffin was found to lead to high, irregular, backgrounds

over the colonies. Several other procedures were tried, and of these, immersing
the filters face down in a. large volume of hybridization buffer proved to be the

reen (Laskey & M111

counts available for hybridization it gave a much lower and more reproducible
background. '

ifugation was briefly The level of detection in these hybridizations was estimated by including several
different control bacterial clones containing segments of genomic D. discoideum DNA
which hybridized to a known fraction of the poly(A)+ RNA population (Williams,
unpublished Work). While there was some variability from experiment to experiment,
We estimated that in optimal cases, such as the hybridization shown in Figure 1, a
clone hybridizing to around 0-1 % of the RNA population could be detected.

Previous experience indicated that a fraction of the CDNA clones prepared in this
Way would contain segments of cDNA too short to form a stable hybrid. Also of course,

ien cut into quarters. .
placed in small vials: I

ricubated for 16 h at;
of hybridization was:

BY as the Griinsteinq ,
.zation in "a toluenej
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. (1) The _stringency of the filter Washing procedure was increased by reducing the _

best. Although dilution of the label into a large volume reduced the number of l
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FIG. 1. Comparison of the hybridization of 50 cDNA clones with 8-h developmental poly(A)
RNA and with vegetative poly(A)+ RNA.

This autoradiogram is part of the screen of 250 clones which had previously been selected
showing detectable hybridization with 8-h developmental poly(A)+ RNA. Fifty clones we“
transferred to each of the 2 filters using a replica plating device and, after alkali denaturation an}
neutralization as” described in Materials and Methods, the filters were hybridized with 5$< 19°
cts/min of 8-h developmental poly(A)+ RNA (upper panel) and 5 X 10° cts/min of vegetative ce
poly(A)+ RNA (lower panel). Exposure was for 2 Weeks at —70°C with an intensification screen,
The clone in the indicated squa '
in the text.

N.B. Of the 250 clones screened in this experiment only 130 clones showed liybridization abov‘
background because after the first screen (with 8-h developmental poly(A)+ RNA) we include
clones with an apparent hybridization very near background in order not to discard, unnecessaril ‘V
clones with a low level of hybridization. '
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me p01y(A)+ RNA species are present in the RNA population at levels too low to
tact, even with this modified technique. Therefore the first step in screening the

cf)-NA.c1ones was to select clones which showed detectable hybridization with the
iieighgh hour developmental poly(A)+ RNA preparation (termed 8-h (A)+ RNA)
Lused for cloning. . . ' . .

. ’A total of 1200 clones were screened with 8-h (A)+ RNA and of these 250 were

selected as having significant amounts of hybridization. Hybridization performed in
711113 Way is a DNA excess hybridization in the local area of any one colony (Grunstein

.Hogness, 1975). Since the RNA is labelled by an in vitro-labelling technique, and all
A sequences are therefore presumably equally labelled, the amount of radioactivity

‘sfjciated with each clone is a measure of the fraction of the RNA population comple-

mentary to the DNA in that clone. Because the poly(A)+ RNA sequences in a eukary-

lot’-,ic‘ cell are present at Widely divergent abundances (Bishop et al., 1974) the pattern

of spots observed on the autoradiogram shows a spectrum of intensities.
7 Several of the clones showed as much hybridization as a control clone containing

I iribosoimal DNA which was included on the filter. (This is a clone derived from sheared

‘genomic DNA (Williams, unpublished Work).) This was an unexpected observation,
. since ribosomal RNA constitutesaround 50% by weight of the RNA used for hybrid-

ization and obviously no single poly(A)+ RNA could be present at such a level.

-‘Therefore the 250 clones were screened again using total “poly(A)minus” RNA (this
ffwas the oligo(dT)-cellulose ‘.‘flow'through” of the RNA preparation used for cloning).

-.~(_)nly the four clones showing very strong hybridization with eight-hour polyadenyl-

ated RNA showed hybridization “nth this poly(A)minus RNA. These clones are

.,.the ribosomal RNA contaminating the RNA’ population used for cloning.
,::«; '

V _ (c) Oomparison of hybridization of the complementary DNA clones with vegetative and
developmental messenger RNA ‘

' The 250 positive clones from the first screen were replicated onto two sets of Millipore

filters. One set was hybridized With vegetative (termed 0-h) (A)+ RNA and the other

with 8-h (A)+ RNA. By comparing the hybridization of each clone With each of these

two RNA populations it proved possible to identify clones containing DNA comple-

mentary to poly(A) + RNA species whose concentration changed during development.

is Part of such a screen is shown in Figural. The upper panel shows the hybridization
.of 50 clones with 8-h (A)+ RNA, and the lower panel hybridization of the same 50
:clones with O-h (A)+ RNA. A typical example of a clone Whose RNA increased in

concentration during development is displayed in Figure 1. The colony in the marked
. position shows a significant level of hybridization with 8-h (A)+ RNA and only back-

ground hybridization with 0-h (A)+ RNA. (This clone is designated 11/7/10 and its

further characterization is described later.) Of the 250 clones analyzed in this screen
23 hybridized to an RNA species which changed in concentration during development
and these were selected for further analysis (these clonesare termed developmental
clones).

s/min of vegetative ce
1 intensification scree

(d) The analysis of developmental clones by DNA filter hybridization

An accurate estimate of the magnitude of the developmental changes observed in thead hybridization above; , _ _ _ _ _
in sttu hybridization was obtained by performing quantitative DNA filter hybridization.~)+ RNA) we included:

discard, unnecessa.rily,‘,-
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The 23 putative developmental clones were grown up and the total DNA from a clea

lysate of each culture was bound to a single nitrocellulose filter. Equal sections of cat

filter were hybridized to_ 0-h, and 8-h (A)+ RNA. Hybridizationyunder these c6% V
ditions is _a DNA excess hybridization with an efficiency of approximately 30% ( '
the legends to Table 1 and Fig. 2). From the amount of hybridization observed

 

TABLE 1

Quantitative DNA excess hybridization of the 23 clones selected from the in situ
hybridization as showing developmental changes in poly (A) + RNA hybridization

 Ratio of mRNA
concentration at

Ratio of mRNA
Source of DNA ..concentration atSource of DNA

°“ film” 8-h to that at 0-h ’ °“ mt“ 8-h to that at O-h

Clone 2/7/11 >10 Clone 8/7/10 ' 0-31

Clone 4/3/l 0-71 ~ Clone 9/6/4 ’ 2-1 H,,
Clone 5/2/2 >10 Clone 9/7/5 3~1 ‘ ’

" Clone 5/3/6 ~' 2-9 Clone 9/7/10 * 3-6
Clone 5/8/3 >10 Clone 10/2/2 0-51
Clone 6/2/5 1-2 . Clone 10.17/3 ‘ 3-8 "
Clone 6/6/2 ’ 1:8 Clone 10/10/1 _ >10
Clone 8/1/2 _ > 10 Clone 11/7/10 >10
Clone 8../2/2 >10 Clone 12/6/8 1-7
Clone 8/3/2 <0-1 Clone 12/6/9 >10
Clone 8/3/7 2- Clone 12/6/10 . O-42
Clone S/4/3 » 0-49 '

The total DNA yield from a cleared lysate of 'a chloramphenicol-amplified, bacterial culture ,

bound to a single filter and the filter was cut into 4 quarters. One quarter was hybridized
1-1><10° cts/min of 5’ terminal "P-labelled vegetative (O-h) poly(A)+ RNA and one‘ quart
with an equal amount of developmental (8-h) poly(A)+ RNA. The other 2 quarters were hybiji
ized in separate vials with 105 cts/min of [3H]RNA complementary to PMB9 (prepared as describe
by Grunstein & Hogness (1975) and at a spec. act. of 10" cts/min per pg). The amount of hybridi:
tion to this RNA was used as a measure of the hybridization efficiency (between 25_ and 35‘?
and the percentage of input RNA complementary to the DNA on the filter Was calculated using
value (after deduction of the background binding to PMB9 DNA). Since there is a measur ‘

background hybridization (see Fig.2) the ratio of 8-h to 0-h poly(A)+ RNA concentration o
clone such as 5/2/2 (where after background deduction there.is low or undetectable hybriclizati
to 0-11 mRNA) is described-as being >10. ' '

figure for the percentage of the input RNA complementary to the DNA on the fila
was obtained. This was used to calculate the ratio of RNA concentration at 8-h to
at O-h (Table 1). This ratio varied from <0-1 to >10 for different clones. There .

very good correlation between relative abundance estimated from the in situ hyb an
ization and the "abundance measured directly by DNA filter hybridization, with
out of the 23 clones showing the expected change in abundance. This confirms t

usefulness of the Grunstein—Hogness technique as a semi-quantitative method

(length of the RNA, since the plasmid containing ribosomal DNA was derived from genomic D"
and contains the entire 28 S and 18 S ribosomal RNA coding sequence. (b) and (c) The plasi
DNAS used were: upper panel: PMB9 (—-®—®-—); clone 5/8/3 (——Q—O—); clone 10/ll},
(—C]—[j—); clone 11/7/10 (—O—'Q—); clone 5/2/2 (——X—X—); lower panel: clone 8.?‘
(—Q—0—-); clone 8/3/2 (-—-Q--O—).

e 162 of 187‘
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FIG. 2. Developmental time course of changes in concentration of the poly(A)+ RNA comple-
7"i:nentary to DNA isolated from selected clones. '

' - Twenty pg of purified plasmid DNA was bound to each of 2 nitrocellulose filters and each filter
.§.iWas then cut into 4 equal sections. Duplicate sections were then hybridized in separate vials with

10° cts/min of “P end-labelled poly(A) + RNA isolated at the indicated stages of development.
_A:1‘he time course of development is indicated by the cAMP phosphodiesterase (PDE) (— O——O-—-)
and glycogen phosphorylase (GP) (— [‘_‘|—|j-—) accumulation curves displayed in (a). The number
srof counts hybridizing to each filter is shown in (b), after deduction of a 20-cts/min “scintillation
,-:_c_:'o._u1iter” background. The number of counts binding to each filter was then corrected for by
._deducting'the number of counts binding to the filters bearing PMB9 DNA (—®—®—-). Hybrid-

:- ization to a genomic clone containing the 28 S and 18 S ribosomal sequences (Lloyd 85 Williams,
unpublished results) was used to correct for ribosomal RNA‘contamination of the RNA prepara-
tions. Control experiments with PMB9 cRNA (see Table 2) and poly(A)-.— RNA labelled -in
1.'itro with “P shows that 33% of input RNA will hybridize to a filter section containing 5 pg
0f DNA hybridized under these conditions. Using this normalization, the amount of ribosomal
RNA contaminating the RNA was estimated (in each case around 1 x 105 cts/min) and deducted
from the 2X 105 cts/min input to give an estimate of the actual input of poly(A)+ RNA. This
value was then used to estimate the‘ percentage of each input poly(A) + RNA bound to each DNA

...and this percentage was corrected for hybridization efficiency (again 33%) to give an estimate of
the percentage of the poly(A)+ RNA complementary to each DNA. Since the RNA was frag-

“mented into pieces of around 100 nucleotides in length, and since the cDNA inserts in these
‘-Plasmids areless than full length (see text), _the relative abundance of each of these poly(A)+
ASpecies is somewhat higher than indicated by the fraction ofinput poly(A) + RNA hybridized.
This does not of course affect our estimate of the magnitude of the change in abundance during

development. The measurement of ribosomal RNA contamination is also not affected by the
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The developmental cloned DNAs fell into three‘ classes.

(1) Those hybridizing to an RNA whose concentration decreased during the in
eight hours of development. '

(2) Those hybridizing to an RNA Whose concentration increased from a low
in vegetative cells to a higher level in eight-hour developmental cells. '

(3) Those hybridizing to an RNA which was only detectable in eight-hour devel
mental cells.

The clones in the last class all hybridized to poly(A)+ RNA species present
relatively low abundance even at eight-hours (see the legend to Fig. 2). Such RN
show the behaviour we feel might be expected for mRNAs which code for devel
mental enzymes, and we concentrated our efforts on clones in this class, but we‘?
eluded one representative of each of the other classes. ’

(e) Time course of synthesis of the RNA complementary to the DNA in selected clone
‘ of the developmental plasmids

Purified plasmid DNA from each of the selected clones was bound to nitrocellu“ A
filters and hybridized with poly(A) + RNA prepared from slime mould cells at vane
stages of development and end-labelled as before. The data from a typical experim_e

an increase in the amount of hybridizable RNA during development. The clone who
complementary RNA was expected to drop in concentration (8/3/2) showed filth
expected behaviour. An interesting result was obtained with 8/1 /2. The previ
hybridization (Table 1) was performed only with zero-hour and eight-hour mRNA an
therefore the very large peak of hybridization present at three to four hours ofdevel; cg
ment was not seen until this time course was performed. In two further experimég
with different poly(A) + RNA preparations similar results were obtained withDNAfro
each of the above plasmids (data not shown). We also tested the other three low ab;
dance developmental clones and plasmid DNA from two of these ( ll
hybridized to an RNA species which was only detectable after six hours ofdevelopme
Plasmid DNA from the other clone (2/7/11) hybridized to an RNA which reached}
maximal concentration at the third hour of development. ' '

The cloning procedure We have used did not include a size selection step becauseiiw
wished to avoid performingany selection which might result in preferential lo ix
specific poly(A)+ sequences. The size of the “tailed” double-stranded CDNA, 'befi_5".
insertion into the plasmid, was determined (see Materials and Methods) and the numlgie
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1 ore ortion of this particular poly(A)+ RNA has been cloned (if the PM39
bl)’ 1 arzurfd this particular insert has been deleted this Will of course be an under-

of the size of the cloned fragment). In the case of clone 11/7/10 We have very.
'dence for a substantial insert, since the largest HaeIII fragment ui PMB9

t-rong evl laced by two iHaeIII fragments with a combined size which is 890 nucleo-
?1se:(l:iigf:iiJ than the equivalent fragment in PMB9. We also know that there is an
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FIG. 3. Size analysis of the HaeIII restriction fragments of plasmids 8/ 1/2 and 11/7/10. ‘Approx!-

" mately 1 pg of each plasmid DNA was digested to completion with Haepfland the dlgest Eggs
analyzed on 3% acrylamide gels’ prepared and run as described by Mamatis et 01- (_19'_75)- 5
molecular weight markers indicated show the position of migration of the Hm_III restriction frag-

'?~‘ments of simian virus 40 DNA. Lane 1 is PMB9, lane 2 is 3/1/2 and lane 3 18 11/7/10 Note the
extra‘HaeIII fragment of 320 nucleotides in the ll/7/10 digest.
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’ d because ofdeletions around the PMB9 EcoRI site used for cloning (such deletions :

D]; is estimated to be approximately 50 nucleotides We are confident that a reason-~ers - , ’ '
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plasmid 5/2/2 and lane 3 was hybridized with p1u.smid.10/ 10/1.. In each case the left-hand lane-“o

30

 
 

‘entire coding sequence andits adjacent reglon).
The high efficiency of the cloning procedure (see Materials and Methods)

presumed low abundance in the clone bank of each of these sequences makes it
probable that the same sequence Would _be isolated several times in a screen of t,

FIG. 4. Analysis of the gen -
10/10/1 and 8/1/2. Each lane of an 0-8% agarose gel was loaded with 1 pg of total D. discoideuf
nuclear DNA digested-With either EcoRI or H27nIII. After electrophoresis the gel was process
by the transfer procedure of Southern (1975) and hybridized with 5 X 105 cts/min of nick-trans
lated DNA (spec. act. 107 to 2 X 107 cts/min per pg). For plasmids 10/10/1 and 5/2/2, hybridizatio‘
and Washing were performed in 3 X SSC at 55°C ‘(using the procedure described by Jeffreys
Flavel, 1977). In the case of plasmid 11/7/10 an extra washing in 0-3 x SSC at 65°C was perfoi-mg
to reduce non-specific binding which obscured part of the film (this washing step was not perform
be detected (see text)). Lane 1 was hybridized with plasmid ll/7/10, lane 2 was hybridized wi-

of an EcoRI digest of /\ DNA.
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iz'e_ Also the low abundance developmental cDNA clones showed a small but quite

reproducible difference in the amount of hybridization obtained with mRNA isolated‘
dwhich is sufficjerltl-2%! ‘fit--diiferent stages of development. However, since the overall level and time course of .
iza-’0i0I1 Conditions gy-nthesis are quite similar, we felt it necessary to establish that each of the cDNA clones
DNA clones to screed ._fndeed contains a.difi'erent nucleic acid sequence. ” -

3 We decided to test this by determining the sizes of the D. discoideum genomic DNA

igéstriction fragments complementary to the cloned cDNA inserts in three of the low,
abundance cDNA clones (5/2/2, 11/7/10 and 10/10/1) ‘Which hybridized to mRNA

"_.-gpecies with, very similar developmental profiles. Plasmid DNA, labelled to a high -
fiépecific activity by nick-translation, was hybridized to a Millipore filter bearing the , - ‘-
EGORI and H7'nIII restriction fragments of D. discoicleum DNA which had been trans- '

iferred from an agarose gel (Southern, 1975). Each cDNA clone hybridized to different

ized restriction fragments (Fig. 4) which proves that these clones are derived from

ifferent D. discoideum mRNA sequences. Two or more hybridization bands were
ibserved for all three cDNA's. Since some of these cloned DNAS do notcontain-a

§f:H7'1LIII or EGORI restriction site this could indicate the presence of multiple copies of

 ‘'‘‘i~'§i"-?t%lE‘E.‘.’.’I‘?§?3!'y*«’.3fl3?.:’3.¢_‘2:'‘§.‘'5f!
 
   

(uences makes it i

as in a screen of thi7 -'
;-I-:-2n.

'A1:

in T14.BLE 2

"Inhibition of nuclear RNA synthesis by or-amanitin 

 

_ Nuclear preparation 1 Nuclear preparation 2

Plasmid C°“°°’;‘f7’““°“ Cm/min Inhibition Cm/mm Cts/min Inhibition
DNA b°“““~ or-amanitin bound PMB9 by bound V PMB9 « by . . .

_ to filter , . . or-amanitin binding or-amamtin‘
(pg/ml) binding

ii PMB9 0 43 __ .— i 35 —- —
- 10 12 _ .— 17 —— —

'1 2 0 130 ' 1 97 62
8/ / 10 1 15 3; 98% 19 2 97%
5/2/2 0 — 106 63 107 72

» 10 25 13 79% 29 . 12 83%
10/10/1 0 88 45 95 60 r

' 10 2.3 10 73% - 27 10 ‘ 74% A
11 7 10 0 79 36 70 35

H ' 10- 18 6 84% 21 . 4 89%
AT2.2.3 0 39,000 — 21,000 — -

ribosomal ' 22% 9%

DNA plasmid 10 30,650 —— 19,149 ._ ' - 

Nuclei from cells at the 9th h of development were isolated using the procedure described by
Jacobson (1976). Nuclei from about 109 cells were incubated for 15 min at 22°C in the presence or
absence of or-amanitin at 10 pg/ml using a minor modification of the incubation conditions des-
cribed by Jacobson (1976) (VVilliams & Lloyd, manuscript in preparation). The two nuclear prepar-
ations used were prepared from different batches of cells. The level of inhibition of the cr-amanitin-

treated sample was determined by removing a portion before and after incubation and determining
the number of counts bound to DEAE discs after washing in 5% disodium hydrogen orthophos- -
phate. Nuclear preparation 1 was inhibited by 77% and nuclear preparation 2 by 68%. The total
yield from each reaction was extracted with phenol and passed over Sephadex G50. After precipi-
tation with ethanol each RNA sample was resuspended in 0-5 ml of hybridization buffer and

- hybridized in separate tubes with the indicated plasmid DNA, and in addition with the ribosomal
-plasmid DNA. The total input into each tube was as follows. Nuclear preparation 1 without
a-amanitin 178,000 cts/min. Nuclear preparation 1 with or-amanitin 90,000 cts/min. Nuclear
Preparation 2 without or-amanitin 132,000 cts/min. Nuclear preparation 2 with or-amanitin 66,000
cts/min. ‘

3 the left-hand lane of

gest. Exposure was for
he migration positions
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‘efficiency. This gave the percentage of input poly(A)+ RNA complementary to the DNA on
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these genes or alternatively inserts of non-coding DNA. We are currently performii
a more extensive study of the gene organization in and around these sequences. '

The method of construction of these clones (cDNA synthesis in an oligo(dT,).
dependent reaction), and the absence of any detectable level of hybridization Wit A

 

poly(A)“ RNA, indicates that these clones are derived from polyadenylated
sequences and are therefore presumably mRNAs.)I-Iowe-ver,_We felt it necessary
establish this in as far as is possible (in the long term We intend to identify protei’
encoded by these RNAS using positive (Noyes & Stark, 1975) or negative (Pattersc .
et al., 1977) selection of RNA and translation in a cell-free system). Accordingly,
determined the cc-amanitin-sensitivity of the nuclear polymerase responsible H,
synthesisof each of these RNA species (Table 2). This-drug has been shown to inliibi‘ =

_ selectively, RNA polymerase II, the enzyme responsible for synthesis of the nuclei; 3
precursor to mRNA in eukaryotes (including D. diseoideum (Jacobson et al., 1974‘
To" monitor the effects of cc-amanitin we determined both the inhibition of total

. synthesis and the‘ inhibition of ribosomal RNA synth‘esis‘(by hybridizing With t
genomic ribosomal DNA plasmid). Ribosomal RNA synthesis Was hardly affected
the level of _oc-amanitin used, but synthesis of nuclear RNA complementary to D
from each of the four developmental plasmids tested was inhibited by 80 to 90%.

We have also shown that the RNA. complementary to the DNA in these plasmids

 

  

 
 

 
 
 

 
 

 
 

 

TABLE

Theldistribution of developmentally regulated poly(A + i.RNAS between polysomes
and polysomal supernatant '

Fraction of the

Percentage of mRNA complementary
the total mRNA to the DNA on the

Percentage of
input mRNA

complementary to

Source of Fraction of

DNA on polysome

‘ filter gradient DNA on filter ‘population filter which is _V
' polysome associated V

(%)
 

GC5/2/2 Pellet 0-48 0-37 88
Supernatant 0-20 0-05

GC5/8/3 Pellet - O-74 ' - 0-57 88
Supernatant 0-33 ' O-08

GC8/1/2 Pellet V 0-09 ' 0-07 58
Supernatant 0-19 004

GC10/10/1. Pellet 0-05 0-04 44
‘ Supernatant 0-23 0-05

G011/7/10 Pellet 0-48 0-37 96
Supernatant , 0'06 - 0-014

(to inhibit “run off”) and a 6 ml cytoplasmic extract was prepared as described in Materials 9.
Methods. This was layered over a 6-ml cushion of 1 M-sucrose, in a Beclcman in SW41 tube, an
spun for 16 h at 27,000 revs/min and at 4°C. This yielded a polysomal pellet (Jacobson, 197.§
and a supernatant fraction both of which were extracted with phenol. Using [31-I]poly(U_) hybrid
ation as an assay for poly(A)+ RNA, 9 pg (23% of total) of the poly(A)+ RNA was estima
to be in the supernatant and 30 pg (77% of total) in the pellet. Polyadenylated RNA was selec
from both fractions and the RNA was end-labelled as before. Duplicate filter sections were hybr
ized with each RNA preparation and, after correction for the ribosomal RNA contamination an
background binding as described previously, the average value was corrected for hybridizatio;

filter. This was then expressed‘ as _a percentage of the total poly(A)+ RNA population in em?
fraction by multiplying by 0-77 for the polysomal and 0-23 for the non-polysomal RNA.
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. associated With a polysomal fraction (Table 3)." For three out of the five plasmids
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.esis in an oligo(dT
— f h b .d. t. . tration of the RNA complementary to the DNA in the other two plasmids (whereo y ri iza 1011 wit -

half of the RNA is not polysome-associated) is falling at eight hours of development
_(_Fig_ 2 and unpublished data). It seems possible that when a mRNA is no longer being
actively synthesized it may.become disengaged from the polysomes, although we have
no direct evidence for this hypothesis.

4. Discussion

‘F’ The main aim of these experiments was to isolate hybridization probes which can be
to analyze the expression of developmentally regulated-genes in D. discoideumi
has been_achieved using a modification of the Grunstein—I-Iogness in situ hybrid-

iiiation technique which allows" detection of bacterial clones containing DNA com-
iplementary to poly(A)+ RNA species which are present at very lowconcentration.

1 This procedure should be applicable to any situation where mRNA populations are
to be compared with a view to isolating stage-specific or cell type-specific hybridization
“probes. Aside from the technical aspects of this paper, two important conclusions can
‘be drawn.

.cobson et al., 1974)'l
llbl.l}lOI1 of total RN

hybridizing With th_-r

iplementary to DNA
:d by 80 to 90%. I},
X in these plasmids 1

(a) The concentration of individual high and medium abundance poly(A)+ RNA
4 ’ species changes during development I

Fraction of the
RNA complementar
to the DNA on the

filter which is

golysome associated

were compared and in which RNA excess hybridization techniques Were used (Firtel,
.- -1972; Lodish et al., 1978). Because DNA excess hybridization was used in this present
study, it was possible to measure changes in the concentration of individual high and

(%) H’ -medium abundance poly(A)+ RNA species. While the analysis of Rot curves can
yieldinformation about large changes in a major fraction of a single abundance class

33 (such as the loss of a complete abundance class,'for example see Williams et al., 1977),
88 _ ‘it is not possible to measure less dramatic changes of the kind observed here. There is

p ‘indirect evidence for a control of protein synthesis at thelevel of individual mRNA
53 gftranscripts from studies using transcriptional inhibitors such as actinomycin and
44 sdaunomycin (for a review of these experiments see Loomis, 1975), but conclusions

:-derived from such experiments must always be treated with extreme caution because of96

possible secondary effects of the drugs. Further indirect evidence for changes in the
level of individual mRNA species has come from the work of Alton & Lodish (1977)
who analyzed the proteins synthesized at various stages of development using two-
dimensional gel electrophoresis. They isolated RNA from cells at different stages of
development and showed that, for several of these proteins, the time of appearance of
translatable mRNA correlated with the time of appearance of labelled. protein in viva.
However, this experiment only measures protein synthetic activity in a wheat germ
cell-free system so that some change in mRNA structure such as a change in “capping”
Could account for the observed result. We have shown directly that the concentration
0fsevera1mRNA species increases at around the time Alton & Lodish ( 1977 ) detected
new species of. protein (18 to 10 h, which both under our conditions of development and
those of ‘Alton and Lodish is the post-aggregative phase, see Fig. 2(a) and the2 < '
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‘A population in each ‘
somal RNA.

analyzed, almost all the complementary RNA is polysome-associated. The co_ncen- '
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This conclusion is based on the data presented in Table 1 and Figure 2. Our studyin‘ ,
differs from previous hybridization studies in which total poly(A)+ RNA populations -
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description of cell growth and ‘development in Materials and Methods). It seems lil‘-e1Y_
that these changes in mRNA concentration are reflected in a change in the rate of syI1- ff
thesis of the proteins encoded by them.

(b) The fraction of high abundance. and medimn abundance ‘pol;/(A) + RNA specie:
whose concentration increases significantly during the first eight hours of developmen

is quite low 3;‘,

This conclusion is based on the data presented in Table 1. Of the 130 cloned DNA »
sequences which hybridized detectably with 8-h (A)+ RNA (see below) only ten (or
around 8"/, of the total) hybridized to an RNA which increased in concentration by
more than threefold during this first eight hours of development. In attempting to _'_.
draw any conclusions from these numbers we are making the assumption that a

4 representative sample of_ the poly(A)+ RNA population has been screened. The
cloning procedure would not be expected to select specifically for or against those RNA
species whose concentration changes during development. It ‘should not therefore
affect our estimate of the fraction of the poly(A) + RNA population in this class. 4,1
However, we are selective in that we have cloned DNA sequences derived from poly(A)
RNA isolated at the eighth hour of development. Thus any developmentally regulated
poly(A)+ RNA whose concentration decreased during development sufficiently such

’ that it constituted only a very small proportion of the RNA population at eight hours '“
would be selected against by our procedure. Therefore we have not attempted to draw

I any conclusions about the fraction of the poly(A)+ RNA population Which decreases . A
in concentration during development. It is also important to note that our estimate of
the fraction of poly(A)+ RNA species whose concentration increases significantly
only an approximation. Clearly in any screen of this kind some clones Whose comple
manta;-y poly(A)+ RNA increases in concentration during development may ‘
overlooked if they show near background levels of hybridization. Also, as explained in
the legend to Figure 1, only 130 of the 250 clones screened were adjudged to hav ._
above background levels of hybridization with eight-hour developmental poly(A)+‘:

 

RNA, and there is a degree of uncertainty in this estimate. There is also the possibility i
that some clones will have been picked more than once and, if this were selective for
either the developmental or the non-developmental clones, this would affect our 1,4
estimate.

Because the hybridization procedure we have used only.det_ects poly(A)+ RNA;
species constituting more than 0-1% of the population, we are only studying the high _ ,
and medium abundance poly(A)+ RNA species. Therefore our results cannot be
compared with results obtained using RNA excess hybridization" to single copy:
genomic DNA (Firtel, 1972) or to cDNA (Lodish et al., 1978) which measures total?
sequence complexity and is primarily a measurement of the lowest abundance class
in the RNA population. However, the level of detection of poly(A)+ RNA in 0111‘.
experiments is comparable with the level of detection of proteins in the two-dimensional,‘ _,
gel analysis of D. discoideum proteins performed by Alton 85 Lodish (1977). They could‘
only detect approximately 400 difierent proteins in vegetative cells and these would;
presumably be encoded by high and medium abundance mRNA species. During the"
period of development from eight to ten hours approximately 40 new protein species H5;
were synthesized. Therefore our estimate of the fraction of poly(A)+ RNA species
whose concentration increases during this period of development (approximately 8%).‘
agrees reasonably closely with the estimated fraction of new proteins-
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Over 200 cloned sequences from recombinant DNA libraries prepared from Xenopus laevis
_embryonic po1y(A)”RNA have been analyzed by colony hybridization with ["P]cDNA prepared
from poly(A)*RNA from several stages of development. The period of early embryogenesis
extending through the beginning of gastrulation (stage 10) is marked by the relative constancy of
the abundant'po1y(A)*RNA population.'Between the gastrula and tailbud stages (stage 24) there
is a dramatic change in the pattern of abundant poly(A)*RNA species; the new pattern remains
fairly constant for at least 2 days of development to the late prefeeding tadpole stages (stage 41).’
We have also compared nonpolysomal and;polysomal poly(A)*RNA populations at two different
stages. In stage 10 (early gastrula) postribosomal (free ribonucleoprotein) and polysomal

,: poly(A)"RNA populations partly overlap; however, many cloned sequences occur in quite different
concentrations in one fraction or the other. Among the sequences that are predominantly
nonpolysomal at gastrula few become predominantly polysomal at tailbud stages. Thus, we have
no evidence for a major recruitment of abundant nonpolysomal RNAs into polysomes with
progressing development. We rather observe a general pattern in which a cloned sequence that is

__,;-.=r45'F‘=:,~.r;r>.
nonpolysomal in one stageof development tends to be nonpolysomal (if detectable at all) in other
stages as well.

INTRODUCTION"

In the preceding paper (Dworkin and .
Dawid, 1980) we ‘state the aim of this work
as an attempt to analyze the developmental

‘behavior of a set of RNA molecules during
embryogenesis in Xenopus laevis. As a first

step in that direction, the paper described

the production of CDNA‘ libraries contain-_
ing "a large number of sequences derived
from poly(A)+RNA molecules from two

embryonic stages. An adaptation of the col-
ony hybridization method of Grunstein and

Hogness (1975) was used to characterize

_certain features of 860 clones which had
-been -selected randomly from the two
CDNA libraries. We have correlated the

intensity of the hybridization signal with
the abundance of the homologous sequence

' Abbreviations used: CDNA, complementary DNA,
referring to DNA synthesized in uitro; kb, kilobase or
kilobase pair; RNP, ribonucleoprotein.

3 449
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in the radioactive probe. Clones which show

no detectable autoradiographic signal when
hybridized by colony hybridization contain '

sequences that comprise less than about
0.06% of_ the radioactive probe while posi-
tive clones contain sequences homologous

‘to increasingly larger fractions of the probe.
Using this colony hybridization procedure
we found that about 20% of the clones

showed detectable signals of varying inten-
sities when hybridized with [32P]cDNA syn-
thesized from homologous RNA. In the

present paper we report experiments in

which these_ 860 clones were hybridized

with [32P]cDNA copied from a variety of
RNA populations.

- The fertilized egg of X. laevis reaches

gastrulation in 10 to 12 hr at 22 to 25°C and

1 day later the embryo has progressed
through neurulation to the tailbud stage in
which many organ anlagen have been laid

down. Two days later the tadpole has used

Q012-1606/80/()60449-16$02.00/0
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up most of its yolk and many organ systems
have differentiated extensively. The RNA

samples tested were prepared from several_
stages spanning development, including the
egg, cleavage stages, gastrulae, tailbud em-

. bryos, and late prefeeding tadpoles, as well
as from whole ovaries and adult liver. We

have prepared polysomal and nonpoly-
somal RNA fractions from gastrulae and
late tadpoles and have tested these frac-

tions separately. Over 200 cloned sequences
gave a detectable signal with at least one of

these [32P]cDNA probes and thus we were

able to describe the developmental behav-

ior of thesesequences. These clones contain

sequences that represent the most abun-

dant poly(A)"RNA species in the- embryo.
These sequences can be divided into groups
of differing developmental behavior or cel-

lular location and representatives of the

various groups can be selected for more

detailed study.

MATERIALS AND METHODS

Cellular Fractionation and Preparation of
RNA

Embryos were harvested at , various

stages,(Nieuwkoop and Faber, 1967) and
rinsed in ice-cold water. Total ovary or liver
was excised from animals, minced, and

rinsed in 0.015 M NaCl. Mature eggs were
extruded into the medium by injecting fe-
males 'with gonadotropin in the absence of
males. ,

Cellular fractions were prepared by ho-
mogenizing approximately 1000 embryos at
0°C in a Dounce-type homogenizer with
several strokes of a tight-fitting pestle in 40

ml of Woodland homogenization buffer [20
mM Tris-HCI, pH 7.4 (20°C), 0.3 M KCl,
10 mM MgCl2] (Woodland, 1974) plus 0.5%
NP-40 and _10—20 ,ug/ml each of sperrnine
and polyvinylsulfate or 2 mg/ml bentonite.

The homogenate was centrifuged at 15,000g
and cytoplasmic fractions were prepared
from the supernatant (S15). The pellet
(P15) was resuspended in Woodland buffer
and centrifuged at 15,000g through 1 'M

‘sucrose in the same buffer to produce the
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pellet fraction (pel). The pellet fraction
should be enriched for nuclei. Further frac-

tionation of the S15 was by one of two

methods. (1) Samples of S15 were placed
over 15-30% sucrose gradients inWoodland

buffer and centrifuged for 12 hr at 26,000

rpm in the Beckman SW 27 rotor to place
the 80 S ribosomes near the bottom of the

gradient (Dworkin and Infante, 1976). The

material from about 10 S to the middle of

the monosome peak was collected as the
free RNP preparation and precipitated with

ethanol; the pellet was used directly as a
source of polysomes. (2) Eighteen milliliters

S15 was centrifuged through 11.7 ml 1.0 M
sucrose (in Woodland buffer) onto a shelf

of 4.4 ml 2.4 M sucrose at 27,000 rpm for
3.5 hr in the SW 27 rotor (Palacios et al.,
1972). Polysomes were recovered from the

shelf, diluted with 3 vol of buffer without

sucrose, treated for 20 min with 1 mM pu-
romycin at 37°C (Blobel, 1971), and recen-

trifuged over an identical dicontinuous gra-
dient. The puromycin released RNP was

recovered by collecting the entire solution

above the shelf area, and precipitated with
ethanol. ' '

RNA was extracted from these frac-.

tions as well as from total cells, and

poly(A)*RNA was separated as described

in the preceding . paper. Cytoplasmic
poly(A)*RNA concentrations were deter-

mined by hybridizing aliquots of RNA to

[3H]poly(U) (Bishop, 1974), and calculating
on the basis that the poly(A) segment is 5%
of poly(A)*RNA (Miller, 1978).

The RNA preparations used in these ex-

periments are listed in Table 1 along with
the yields obtained and the abbreviations

used in the text. All comparisons involving
polysomal preparations are based on puro-
mycin released polysomal fractions.

Colony Hybridization and Cataloguing of
Clones .

Preparation of [32P]cDNA probes from
the poly(A)+RNA listed in Table 1 and

colony hybridization to bacterial colonies
denatured in situ are described in the pre-
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TABLE 1

PoLx(A)*RNA PREPARATIONS

Abbrevia- Approx. yield Description
tion per 1000 em-

bryos“
. (#3)

1 Ov Total ovary

2 Liv Liver, 15,000g supernatant

3 Egg Total mature, unfertilized
938

4 Cl Total cleavage stage
‘ (stages 3-7) '

5 1OT 5 Total stage 10-11 (early

_ gastrulae)

6 10pel° Stage 10—11,’15,000g pellet
7, 10R 1.5 Stage 10—11,postribosomal

(free RNP)

8 ‘10P‘ 3 Stage 10-11, polysomal

9 24P‘ 3 Stage 24 (tailbud), poly-

' ‘ _ somal _

10 41T ' 30‘ Total stage 41 (swimming '
- tadpoles)

11 41pe1 15*’ Stage 41, 15,000g pellet
12 41P‘ , 12 Stage 41, polysomal

13 41R §0.2 Stage 41, postribosomal
(free RNP)

” Determined by [31-I]poly(U) hybridizations, as-

_suming poly(A) is 5% of poly(A)*RNA (Miller,'1978).

" The pellet was recentrifuged through 1 M sucrose
at 15,0005’. The pellet contained 25% of. the cellular
RNA but very little poly(A)"RNA.

‘ 10P RNA was prepared either from apolysome
- pellet or from puromycin released RNP (see Materials

and Methods). All subsequent tables are compiled
from the data obtained with puromycin released RNP

preparations; 24F and 41P RNA were prepared from

puromycin released RNP.

" Judged by its ability to support [”P]cDNA syn-
thesis, this value is likely to be an overestimate of the

amount of poly(A)+RNA in 41pel and 41T.

ceding paper. Colonies were catalogued into

three levels of hybridization by repeated

screenings with [32P]cDNA probes of 860

clones selected at random. Colony hybridi-

zations under these conditions are very re-

producible (Thayer, 1979). In most cases

filmgexposure times and amounts of radio-
activity were varied to an equivalent of 20

X 106 cpm/25 ml for 5 days for the various

[32P]cDNA preparations.

RESULTS

' Comparisons ofRNA Populations

RNA samples were prepared from em-
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bryos at different stages and from some

tissues and some cell fractions, as listed in

Table 1. In every case poly(A)+RN_A was
separated _and used for the synthesis of

[32P]cDNA. The [32P]cDNA preparations
were used as probes in colony hybridization

experiments with a set of 860 randomly

chosen clones containing inserts of cDNA

derived from Xenopus RNA. As described

in the. preceding paper (Dworkin and

Dawid, 1980), the selected group of clones

included 240 examples from the stage 10

library and 620 examples from the stage 41

library. We also showed in the preceding
paper that about 20% of these clones gave

a detectable hybridization signal in the ho-

mologous colony hybridization. The large

majority of the remaining clones do contain

cDNA inserts which probably were derived
from low abundance RNAS. About 30% of

the 860 clones gave a detectable signal with
the poly(A)+RNA probes listed in Table 1.

These 240 positive clones were assembled

on filter sheets and hybridized again with

the various [32P]cDNA probes, and a sam-
pling of the resulting autoradiographs is

shown in Figs. 1-3. Some of these clones

contain copies of the same sequence and

these are indicated in Table 2 of the pre-

ceding paper. _

The hybridization signals shown by each

clone with the 13 [32P]cDNA probes were

classified into three intensity levels as de-
A scribed in the preceding paper. This cata-

loguing resulted in a large amount of raw

"data that represent approximate distribu-
tions of abundances of many RNA species

in the test populations. All of the data

described below can be found in Figs. 1-3

although the data are actually collected

from several similar experiments. A com-

parison of 16 pairs of RNA populations

derived from colony hybridization to [32P]-

CDNA probes is summarized in Table 2.

The “percentage similar” column tabulates

the ‘percentage of clones giving signals of

near equal intensities, while the “percent-

age different” column includes clones show-

ing level 2 or higher intensity‘ with one
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FIG. 1. Colony hybridization of 240 clones to 1OP, 24P, 41F, and 41T probes. A subset of 240 clones of the
original 860 clones used for colony hybridization were collected and hybridized again to a series of [32P]cDNA
probes prepared from various poly(A)'*RNA preparations. These 240 clones gave a detectable signal with at
least one probe during the initial screenings. This figure shows, from top to bottom, the hybridization of these
240 clones with probes from IOP, 24P, 41F, and 41T (see Table 1). All polysomal poly(A)“RNA preparations are
derived from puromycin released RNP. The coordinateshelp identify the location of individual clones referred
to in the tables and text.

.[32P]cDNA probe that are undetectable two [”P]cDNA probes that are compared.
with the other probe. On the basis of cali-

brations shown in the preceding paper,
clones listed in the “different” column con-

tain4Xenopus sequences that occur at con-

centrations at least fivefold different in the

Page 175 of 137'

Many of the differences are likely to be
much higher than fivefold. The “interme-

diate” column represents sequences that

are present at different concentrations in
the tw,o.[32P]cDNA probes, but where the
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IS are FIG. 2. Col_ony hybridization‘ of 240 clones to egg, IOT, 1OP, 10R, and 10pel probes (see also legend to Fig. 1)._

erred {I The MP poly(A)"RNA was prepared from the polysome pellet of the 10R preparation.
l difference is small and somewhat uncertain but additional comparisons described below

Ted- ’ because of the serniquantitative nature of will take some of these clones into account.
' be 0 the assay. To derive an overall measure of The higher the ratio in the last column, the

me- ' sirrlilarity Of two RNA populations the ratio more similar are the two RNA populations.

‘hat J of “similar” to “different” is listed in the Comparisons between total poly-
3 in last column of Table 2. This approach ig- (A)+RNA from different stages of develop-

the 3 nores the “intermediate” clones entirely ment. This set of comparisons is made in
3
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lines A through G of Table 2. Lines A and

B indicate great dissimilarity between the,

abundant sequences in total ovary and

those in mature eggs (A) and stage 10 em-
bryos (B). The basis of this difference be-.

tween ovary and eggs, and ovary and stage
10, is illustrated in Table 3. Out of the 112

clones ‘(Table 2) which gave a detectable

Page 177 of 187‘

 

 

I ' I I i in A

g 18 24 30

FIG. 3. Colony hybridization of 240 clones to 4lpel, 10R, Ov, and Liv probes (see also legend to Fig. 1). The
10R autoradiograph is a shorter exposure of the one shown in Fig. 2. ‘

signal with either ovary or egg [32P]cDNA

probes, 62 clones gave level 2 or 3 signals

with one and no detectable signal with the

other (adding up all four numbers in the

Ov, egg comparison of Table 3). 0V [32P]-i
cDNA probe did not react strongly with
any clones but rather showed level 1 or

level 2 reactions with many clones; in '
  

' 3

if

3

Y

1?
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TABLE 2

SIMILARITIES AND DIFFERENCES BETWEEN VARIOUS RNA PREPARATIONS“
RNA preparations (Number of Similar" Intermediate‘ Different‘? Similar/different‘
 compared clones) (%) (%) (%)

4 I. Total RNA populations ' '

A Ov;Egg (112) 20 25 55 ' 0.36
B Ov;1OT . (112) 19 33 ' ' 48 0.40
c Ov;41T » (139) 45 17 37 1.2

D Egg;1OT (64) so 28 11 ' 5.4
E 10T;41T (136) 25 27 48 0.52

F 10T;Liv (115) - 20 34 43 0.47

c. 41T;Liv (143) . . 52 25 - 22 . 2.4

11. RNA from cell fractions ’

H 10P;41P ~ (174) 25 33 42 A 0.59

I 1OP;24P (138) p 27 29 ’ 44 0.61
.1 24P;41P (155) 81 13 A 7 4 12‘
K 10T;1oP (56) 54 36 11 4.9

L 10P;10R (81) 21 5o 28 .. 0.75

M 10P;10pel ' (45) ' 44 35 - 20 2.2
N 4.1T;41P (141) 66 27 8 8.3

P 41P;41pel (161) 71 13 11 6.4

Q 10R;24P . (162) 17 34 48 0.35 

" Sixteen pairs of‘RNA preparations are compared in this table. [”P]cDNA was synthesized from each RNA _
sample and used for colony hybridization with the set of 860 clones. The RNA preparations being compared are

listed in the first column, followed by thenumber of clones that gave a detectable signal to either probe.

" Percentage of clones showing either the same level of hybridization with both RNAS, or differing only by
level 2 vs level 1 intensities.

° Percentageof clones showing dissimilar intensities betweens the two RNAs: clones that were categorized at
level 3 in one RNA but at level 1 or 2 in the other RNA; and clones that are listed at level 1 in one RNA but
undetectable in the other RNA.

RNA.
d Percentage of clones that were categorized at level 2 or 3 in one RNA and were undetectable in the other

° The ratio of “similar” to “different.” The higher this ratio, the more similar are the two RNA preparations.

contrast, egg [32P]cDNA probe. reacted

strongly with a small number of clones,
(Figs. 2 and 3). The vast. majority of ovary
specific clones (43 out of 46) are derived

I from the stage 41 library, while 15 of the 16
egg specific clones are from the stage 10

library. From this fact one would predict

that egg and stage 10 RNAs are similar,

and ovary and stage 41 RNAs are more

closely related than ovary and egg. This is

in fact true as shown in lines C and D of '

Table 2. In particular, egg and 10T are very

similar, indicating little change in the array

of abundant poly(A)+RNA species during

the first 10 hr of development.

The difference between the stage 10 and

stage 41 poly(A)+RNA is shown in line E of
Table 2. This difference is further illus-

trated and broken down in line C of Table I
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3. There are 65 cloned sequences responsi-
ble for the differences between 1OT and

41T RNAs; 62 of these clones give signals

only with the 41T probe and 60 of these

clones are from the stage 41 library. Only

‘ three clones react specifically to stage 10

[32P]cDNA probe and they are from the

stage 10 library. Thus, stage 41 poly-

(A)+RNA includes most of the abundant

stage 10 poly(A)+RNA sequences but

mostly at lower abundance. Moreover,

stage 41 embryos contain a number of ad-

ditional high abundance RNAs which are

either absent from stage 10 or present there

at a low level. Lines F and G of Table 2
show the comparisons of 1OT and 41T with

liver, indicating the greater similarity be-

tween 41T and liver than between 1OT and

liver. The large number of stage 41 library
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TABLE 3

DISTRIBUTION or STAGE SPECIFIC CLONES INTO
DIFFERENT LIBRARIES"

RNAs compared Number of clones in each library 

Stage 1 Stage 41___._.___j___.._.,.._...____.___

A Ov (not Egg) 3 43
E58 (not Ov) 15 1

_ B Ov (not 1OT) 4 40

101‘ (not Ov) , 9 1

C l0T (not 41T) 3 - 0

41T (not 10T) 2 60

D 101’ (not 24P) 0 0

24P (not 10P) ' 4 57

E 10P (not 41?) 2 3
4lP (not 10P) 6 ' #62

F 10R (not 24P) 9 ’ i
24P (not 10R) 15 62:__j.. _

“ The table shows six pairs of po1y(A)*RNA prep-
arations that were compared in Table 2. The clones

under consideration are those from the percentage
different column of Table 2; that is, clones which are

present at level 2 or 3 in one RNA preparation but
undetectable in the other. The table shows the number

of clones which reacted with either probe that are in
this group and from which library they are derived.
For example, out of 62 clones that were detected at

level 2 or level 3 with either Ov or Egg probe, and were
undetected in the other, 46 were detected with Ov

' probe and 16 with Egg probe; 43 of the clones which

reacted with the Ov probe were detected in the stage

41 library, while 15 of the clones which reacted with
the Egg probe were detected in the stage 10 library.

clones that can be detected by a [32P]cDNA
probe made from liver poly(A)+RNA was

unexpected. _ .
Comparison ofpolysomal RNAs. Prepa-

rations of RNA derived from puromycin
released polysomes from stage 10 (10 hr of

development), stage 24 (34 hr), and stage
41 (4 days) are compared in lines H through
J of Table 2. There was little difference in

the hybridization patterns whether the
RNA was extracted from puromycin re-

leased polysomes (Fig. 1, 1OP) or directly
from a polysonie pellet (Fig. 2, 10P); 1OP
and 4lP RNAs are as dissimilar as 1OT and

41T RNAS, and the distribution of differ-

ences is similar as well (Table 3, line E).
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Surprisingly, 10P . and 24P RNAs are

equally dissimilar as 1OP and 4lP, and the

difference lies entirely in 24P specific se-

quences found in the stage '41 library (Table

'3, line D). One predicts, then, large similar-
itybetween 24P and 4lP RNAs, and that is

verified in line J in Table 2: 81% of the
clones giving signals with either a 24P probe

or a 4lP (probe give a signal of similar

intensity with the other probe. -Only 7% of

the cloned sequences show a great differ-

ence between these two stages.

Comparisons involving cell fractions

from stage 10 embryos. These data are sum-

marized in lines K through M of Table.2.

Although 1OT and 10P (Table 2, line K) are

very similar, the 11% difference derives

from clones detected with 1OT probe that

were not detected with 1OP__probe. When

10P is compared to 10R, much dissimilarity
is displayed with only 21% of clones’ in the

similarity column. Examples of cloned se-

quences which are predominantly poly-

somal at stage 10 are C20, D6, and H7,

while clones D15, D19, and F15 contain
sequences which are predominantly non-
polysomal at stage 10 (Fig. 2). This com-

parison shows that separation into poly-

somes and free RNP resulted in a meaning-
ful fractionation of abundant RNAs.’How-

ever, the_difference between these two frac-

tions is mostly in the concentration of

RNAs, with 50% of the sequences in the
“intermediate” column of Table 2. Thus we

deal largely with disparate distributions of
a qualitatively similar RNA population be-

tween 1OP and 10R; 1OP and 10pel RNAS

are similar, and 10pel sequences absent

from IOP are also found in 10R; 10pel

should be enriched for nuclei but may also
contain contamination with other cell frac-

tions. We detected no 10pel specific se-
quences.

Comparison of RNAs of cell fractions

from stage 41 embryos. These data are

shown in lines N and P of Table 2. The

comparison between 41T and 41P (Table 2,

line N) reveals a large similarity with only
an 8% difference. Sequences present in 41T

,

1'
5..

s-r."'“"1fly?‘..e$..?:‘.»;E'«-"E55":2.‘
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but absent or present at a low level in
' 41P likely represent nonpolysomal RNAs.

' These are discussed below. The pellet frac-

tion (41pel) may contain some polysomes

in addition to being enriched for nuclei. In

spite of the similarity to 41P (Table 2, line
P) there do exist 41pel specific sequences,
and these are discussed below.

Comparison between 10R and 24P RNA.

This comparison (Table 2, line Q) was car-
ried out to determine whether nonpoly-

somal sequences at stage 10 tend to become

polysomal at stage 24. There is no such

2

1
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z
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tendencyiin the general. population». Al- . 1
though much of the difference between 10R

and 24P is due to stage 41 library clones

detected by the 24P probe, differences spe-

cific to both 10R and 24P probes are found

among the stage 10 library clones as well

(Table 3, line F).

Ontogeny of Individual Cloned Sequences

On the basis of hybridization patterns

such as those shown in Figs. 1-3 the devel-

opmental history of individual RNA se-

quences can be derived. Figure 4 presents

    LIV
STAGE

FIG. 4. Developmental history of 12 cloned sequences that are highly abundant in some RNA populations.
The hybridization levels with various [32P]cDNAs are shown on a developmental time scale; responses to Ov
and Liv probes are also shown. The abscissa shows the stage from which the probe was prepared and its length

is proportional to time of development from egg to stage 24. The response with cleavage stage probe (stages 3-

7) is shown between egg and stage 10. Four patterns of developmental history are indicated in parentheses and

are described in the text. The clones shown are: (A) All, C18, E19; (B) C5, E20, H13; (C) E21; (D) A3, D1; (E)

A4; (F) C14; (G) E5, H2, H8; (H) D6, G17; (I) D21; (J) E12; (K) G27;' (L) H9. In each case where several clones

are listed together theserepresent cross-hybridizing sequences (see preceding paper) that were tested individ-
ually and responded in the same way. Responses to total poly(A)"RNA are shown.
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such histories for 12 cloned sequences-

which are prominent in the RNA popula-
tion of at least one stage of development.
The developmental behavior of these se-

quences is quite variable, and they have

been grouped somewhat arbitrarily into
four patterns with distinct developmental
properties. ' , '

Pattern (1) is exemplified by the se-

quences in panels A and B of Fig. 4. The
RNAs corresponding to these clones are

abundant.in all stages studied and show

only small variations in abundance. "While. _
the sequence of panel A appears constant
through development, it must be remem-

bered that hybridization at level 3 is open-
ended and thus some variationprobably
occurs. Pattern (2), as shown by the se-

quence of panel C, is moderately abundant

Z in all stages except ovary. Its undetectabil-
'ity in ovary RNA distinguishes this se-
quence from those of pattern ( 1).

Pattern (3) (panels D through G of Fig.
4) is characterized bychanging abundance
in embryonic development and low abun-

dance in liver. Most of the sequences in this

group have low representation in early de-
velopment and increase dramatically be-
tween gastrula (stage 10) and tailbud (stage
24). Pattern (4) RNAs again show variabil-

ity during embryogenesis, usually an in-
crease with time, but are distinguished from
pattern (3) RNAs by their abundance in

adult liver. It is possible that some of these

LEVELorHYBRIDIZATION
EGG STAGE 10 STAGE 41

P Rpel P Tpel

 

RNAs are specifically involved with liver

differentiation. ' _ _
In general the 12 abundant sequences

represented in Fig. 4 are either quite abun-

dant throughout development or start from

a low level in the egg and cleavage stage
and proceed to increase substantially. in
later embryogenesis. This general pattern
has already been apparent from the data in
-Tables 2 and 3 which showed that there are

many more abundant RNA species in stage
41 tadpoles than in the egg and in stage 10
gastrulae.

Intracellular distribution of two species
of highly abundant RNA. The clones de ‘

scribed in Figs. 4A and B are of particular
interest because they contain sequences
present at such high levels in stage 10

poly(A)+RNA that they are represented by '
several clones in the stage 10 library (see
Table 2 _in the preceding paper). The se

quence of Fig. 4A is present in the group of .
homologous clones A11, C18, E19, and
clones D22 and E22" which cross-hybridize
with the former three clones but show lower

hybridization levels with CDNA probes,
(preceding paper). RNA homologous to this
group of clones (Fig. 5A) is very abundant ’

in the egg, in all cell fractions of stage’10, .
and in total stage 41 RNA, as can be seen

in Figs. 1-3. The RNA of this sequence is
also present in stage 41 polysomes, but is

less abundant there. It is the most promi-
nent sequence in 41pel,RNA, which is a«

 
EGG STAGE 10 STAGE 41

P Rpel PTpe|

FIG. 5. Hybridization profiles of two ‘very abundant sequences. The levels of hybridization of clones
containing cross-hybridizing sequences and represented five times (A) or two times (B) among the 240 stage 10
clones tested (Table 2, preceding paper) are shownfor [”P]cDNA probes prepared from egg, 1OP, 10R, 10pel,
41P, 411‘, and 41pel. (A) All, C18, E19; (B) C5, E20, H13.
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sample enriched for nuclei. This RNA class

therefore appears to be highly abundant in

different cell fractions and at various stages
of development.

The RNA represented ‘in 4B also
shows high abundance in the egg (Fig. 5B).

. It is highly abundant in the nonpolysomal

cytoplasmic fraction of stage 10 embryos
and occurs at moderate abundance in the

other fractions at this stage and in stage 41.

These data, together with the wide repre-

sentation of this sequence at different

stages (Fig. 4B), show that the RNA of Fig.

5B is a widely distributed abundant species.

Analysis of groups of clones containing

polysomal and nonpolysomal sequences.
Clones were organized into groups depend-

ing on their preferential or exclusive hy-

bridization with polysomal or nonpoly-
somal RNA sequences at different stages.‘
Six such groups are defined in Table 4, and

the ‘number of clones in each group is listed.

The groups are defined to include either

clones responding more strongly to the '
RNA from one cell fraction than another

(A, B, C, and E), or clones which are de-

tectable with one RNA sample but unde-

tectable with another (D and F).

Groups A and B in Table 4 contain pre-
dominantly polysomal and nonpolysomal

' sequences, respectively, from stage 10. The
data show that the stage 10 polysomal se-

quences are highly represented in stage 24

and stage 41 polysomal RNA, while stage .

1_O nonpolysomal sequences are less repre-
sented in the late stage polysomes. A few of

the stage 10 polysomal sequences are pre-

dominantly polysomal at stage 41 (i.e., they
are in the 41P > 41T class), but none of the

stage 10 nonpolysomal sequences is.

At stage 41 we define polysomal se-

quences in two ways: either by their higher
response to polysomal RNA than to total

RNA, 41P > 41T, or- by their presence in

._LTABLE 4

COMPARISON or GROUPS or CLONED SEQUENCES Accoxnmc TO THEIR POLYSOMAL on NONPOLYSOMAL
' p DISTRIBUTION -

Group“ Nurr%ber Detected in (%)"'0

clones” Egg I 10P 10R

 Represented, in (%)" 

24P 41F 10F > 10R > 41P > 41T >
10R 10P 4lT 41P 

A 10P > 10R 16 38 (100) 6 93 69 (100) » (0) 13 _o

B 10R > 101° 24 75 21 (100) 58 42 (0) (100) 0 29

C 41P > 41T 16 6 ' . 12 6 100 (100) 13 0 (100)" (0)
D 41P(¢pel)- 10 20 30 30 100 (100) 20 0 _ 10 0

E 41T>41Pl 18 45 45 72 61 - 44 0 44 7 (0) (100)
F 41pel(¢P) 14 79 64 73 43 (0) 0 57 . (0) . 35

" Clones were catalogued in six groups based on the differential representation of their sequences in polysomal
and nonpolysomal RNAs. The symbol > indicates clones that respond more strongly to one RNA preparation
than the other. Thus, 10P > 10R includes all clones that show a stronger signal with 1OP than with 10R
including those undetectable with 10R. The symbol (1: indicates clones which showed no autoradiographic signal 7
with that particular" preparation. For instance, 41P(¢pel) includes all clones detected with 41P but not with

41pe1. Groups A, C, and D contain clones with sequences which are predominantly.polysomal. Groups B, E, and
F contain clones with sequences which are predominantly nonpolysomal.

" The number of clones (among the 860 scored) that belong to the group.
‘ The percentage of clones in each group that is detectable at any level of hybridization with the [”P]cDNA'

shown. For example, 93% of the clones in the (IOP > 10R) group are detected with‘ 24P. Percentages "in
parentheses are 100 or 0 by definition. _

" Thepercentage of clones in each group that also belongs to the group shown at the head of the column. For
example, 57% of the clones in the 41pel(4>P) group belong to the (10R > 1OP) group. Percentages in parentheses
are 100 or O'by definition.

 X165

e 10 ,)pel,
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polysomal RNA and absence (atthe detec-1

tion limit) from pellet RNA, 41P(<1>pe1).
Nonpolysomal sequences are defined in the

reciprocal way. The predominantly poly-
somal sequences show 100% inclusion in

_ 24P, while nonpolysomal sequences are

much less represented. Stage 41 polysomal
sequences are generally not abundant at

stage 10, both in IOP and 10R, while stage
41 nonpolysomal sequences are highly rep-
resented, especiallyin 10R. This phenom-
enon is particularly clear when we consider

_' inclusion in, the class of stage 10 nonpoly-
somal sequences (1OR > 10P). While about

half of the nonpolysomal stage 41 sequences -
are included in this class, none of the 4lP

sequences" is. Thus, clones which contain

sequences which are predominantly non-
polysomal at stage 41 are enriched for se-i

quences that are also nonpolysomal at stage
10. We have detected no sequences which

are predominantly polysomal in either

stage 10 or stage 41 poly(A)+RNA that are

predominantly nonpolysomal in the other.

stage; likewise, there are no predominantly
nonpolysomal sequences in either stage 10
or stage 41 which are predominantly poly-
somal in the other stage. We" stress that

these statements refer to. predominance of
an.RNA sequence in one or another cell

fraction. Many of these RNAs actually oc-
cur in both compartments but their concen-.
tration in one compartment is much higher
than in the other.

 
FIG. 6. Distribution of 41pel(¢P) clones in stage 10 poly(A)*RNA. The distribution in stage 10 of a class of

nonpolysomal stage 41 clones detected in 41pel but. undetectable in 4lP [41pel(4>P), Table 4] is shown. The ‘left
bar (hatched pattern) shows the level of hybridization of each clone with 1OP probe; the right bar (solid) shows
the level of hybridization with 10R probe. Half-levels of response are estimated on the basis of multiple screens.
Clone designation as in Figs. 1-3 is shown below each set of bars.
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The extent to which sequences in th

homologous to polysomal and nonpoly
somal RNA from stage 10. is further illus
trated in Fig. 6, where individual clones a.r

identified. The figure shows all of the clones "f
in the 41pel(qbP) class. All but one of the

clones in this class hybridize more strongly
with 10R probe than with 1OP probe, or are
undetectable at stage 10. ’ ‘

Six stage 10 clones which represent very
abundant RNAs and show very different

 

 

 

sequence which is also predominantly pol-

ysomal at stage 41 and gives a strong signal

with 24P probe as well. The other five‘
clones contain predominantly nonpoly-
somal sequences at stage 10 and all show

stronger hybridization with 41T probe than

with 4lP probe. Only one of these five

cloned sequences (panel D) shows a level 2

hybridization with 24P, the others are »

lower. The high titer of a nonpolysomal

stage 10 sequence that is predominantly in».
4lpe1 is shown in panel A. Five of the cloned
sequences shown in Fig. 7 are also present »

at a high abundance in egg. One sequence

(E), however, cannot be detected in eggand

therefore may be synthesized or polyade-
nylated during the first 10 hr of develop-
ment. This sequence is predominantly’po-
lysomal at stage 10. ’

De
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Z/1
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§ 
Egg _ 10P 10R 10 pel 24P 41P 41T 41 pel

FIG. 7. Hybridization profiles of six stage 10 clones. Six (independent) stage 10 clones showed a level 3 -

hybridization with either 10P probe (one clone) or 10R probe (five clones) and a lower level of hybridization
with the other. The levels of hybridization of these six clones are shown for eight different [32P]cDNA probes

prepared from egg, 1OP, 10R, 10pel, 24P, 41P, 41T, and 41pel. (A) D19; (B) F15; (C) H21; (D) C14; (E) D6, G17;
(F) D15.

DISCUSSION

In this work we have sought to isolate by

cloning probes . for discrete abundant.

poly(A)+RNA species and to estimate the
relative concentration of these sequences in

various RNA populations. We have isolated

V over 200 such probes. Using colony hybrid-'

ization we have catalogued each cloned se-
quence by its level of hybridization with

[32P]cDNA prepared from 13 different

poly(A)+RNA preparations. Quantitation

by colony hybridization is not precise but

reconstruction experiments allowed us to

’ assign autoradiographic signals at three

levels which correspond to concentrations

between 0.06% and over 1% of the hybrid-

izing cDNA in the total cDNA population

(Dworkin and Dawid, 1980). From this cat-

aloguing we can determine trends among

the 200 clones we have studied, and can

isolate those clones with patterns of hybrid-

ization that are particularly interesting for

further study. A similar approach has been

used by Williams and Lloyd (1979) to study

RNA populations during the development

of the slime mold Dictyostelium discoi-
deum.
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Developmental Patterns of ‘Abundant

P0ly'(A)+RNA Species _ -- _

The hybridization patterns shown in
Figs. 2 and 3 reveal great dissimilarity be-

tween mature egg and total ovary. Our re-

sults show that the class ' of abundant -
poly(A)+RNA in ovary is quite complex
with few outstanding members. This is con-

sistent with hybridization kinetics of ovary

‘poly(A)+RNA (Perlman and Rosbash, -

1978). A large number of the cloned se-_

quences present at high abundance in egg
are not even detectable in total ovary (Ta-

ble 3, line A). The egg likely accumulates a

specific subset of ovarian sequences that

may be required for early development.

However, our ovary preparation includes
cells other than oocytes which maybe par-

tially responsible for the differences we find

between total ovary and mature egg. _

The high similarity between egg and 10T

poly(A)+RNA (Table 2, line D) implies that

little RNA synthesis is needed between fer-

tilization and the beginning of gastrulation

to account for the hybridization patterns

we find. That is, the approximate levels of

most abundant poly(A)+RNA species do

,_...,;....=.-_-_ ._.:_
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result is consistent with earlier experiments
in many species indicating that transcrip-

fltion is not necessary for the egg to reach '
gastrula (reviewed in Davidson (1976)). Re- V
cently, Brock and Reeves (1978) and Bravo
and Knowland (1979) using two-dimen-
sional gel electrophoresis observed consid-
erable changes in proteins synthesized in
vivo by Xenopus embryos during this time.
The proteins that they have detected are
expected to be synthesized to a large extent
on messages of the abundance class which
we have analyzed. The constancy we find
in abundant poly(A)+RNA species and the
changes they show in protein synthetic pat-
terns may reflect translational level control
of protein synthesis during the cleavage
stages. However, we do detect some differ-
ences in the abundant RNAs between egg
and stage 10; in particular, there is one
clone (Fig. 7E) that gives a very intense.
signal with stage 10 polysomal probe that
we cannot detect with egg probe. This se-
quence may be heavily transcribed during
the first 10 hr of development, or may be
present but lack poly(A) in the unfertilized
egg , ~

We find a dramatic change in hybridiza-
tion patterns between stages 10 and 24 (be-
tween 10 and 32 hr of development), and
then little change between stages 24 and 41.

4 For the most part abundant stage 10 se-
quences are a subset of abundant stage 41
sequences, but are present at much higher
concentration in stage 10. Thus, stage 10
probes react with fewer clones, but many of

clones containing the samesequences occur
in the stage 10 library (Dworkin and Da-wid,
1980). By stage 24 the abundant
poly(A)+RNA species are a more diverse
group containing a large number of se-
quences that are below our level of detec-
tion in stage 10 poly(A)+RNA. This dra-
matic change in abundant poly(A)"RNA‘
species between 10 and 22 hr of develop-
ment correlates well with studies by two-
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dimensional gel electrophoresis of newly
synthesized proteins during development in
X. laevis (Brock and Reeves, 1978). These
gel patterns. show changing arrays of pro- '
tein spots during early development with
the greatest degree of pattern change oc-
curring between the gastrula (stages 9-13) ‘
and neurula (stages 15-21), with little '

I change after neurula for at least 24 hr.

Relationship among Polysomal and Non-
polysomal 'Pol_y(A)"RNA Populations
during Development

We have determined by [3H]poly(U) hy-
bridization that 25-30% of the stage 10 cy-I
toplasmic poly(A)"RNA is nonpolysomal
free RNP, whereas very little of the cyto-
plasmic stage 41 poly(A_)+RNA is. This
change in the cytoplasmic distribution of
nonribosomal RNA -during early develop-
ment is similar to changes reported in echi-
noderms (Dworkin and Infante, 1976),,and
agrees with the mobilization of stored ri-
bosomes into polysomes in" Xenopus
(Woodland, 1974). We have not, however,
clearly distinguished nonpolysomal cyto-
plasmic RNA from abundant nuclear RNA

- sequences. This is because only polysomal . ‘
preparations could be highly purified while

» the other cell fractions in our ‘experiments
are not well characterized. We have defined
and compared two groups of nonpolysomal
RNA preparations. In stage 10 embryos we
have prepared postribosomal free RNPS,
which may contain nuclear RNA derived
from lysed nuclei, but are unlikely to be
contaminated by polysomal RNA. For
stage 41 we have considered 15,000g pellet
sequences which cannot “be detected in

' polysomes as nonpolysomal RNA; these se-
quences are most likely nuclear. We have
also considered sequences that are more
prominent in total stage 41 ‘embryos than
in stage 41 polysomes as being‘nonpoly—
somal. Using the 41T probe we detected
sequences in addition to those found with
41P or.41pel probes. ‘ _

Many abundant sequences in stage 10 ‘
embryos were detected in both the poly-
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somal and free RNP popu_lations,'though
often at different concentrations. Of the
two most abundant stage 10 sequences, one

' is distributed rather equally between poly-

somes and free RNP while the other pre-

dominates in free RNP (Fig. 5). Several

other cloned sequences strongly predomi-

nate in one population or the other (Table

4, Fig. 7). We have asked whether predom-

inantly nonpolysomal sequences of stage 10

are recruited into polysomes at a later‘

stage. While many of the prominent non-

polysomal sequences from stage 10 are de-

tectable in stage 24 polysomes (Table 4),

they occur at a low concentration in that

stage. In addition, many new sequences, not

detected at all in stage 10 RNA, appear in
polysomal RNA at stage 24 (Table 2). Like-

‘wise, some nonpolysomal stage 10 se-

quences appear in stage 41 polysomes but

none predominates -in that population (Ta-
ble 4). What is more striking is the overlap

of clones containing nonpolysomal se-
quences from stages _10~ and 41. Predomi-

nantly nonpolysomal sequences from stages

10 and 41 show greater overlap with each

other than predominantly polysomal se-

quences from these two stages. This was
surprising. We thus suggest that while non-

polysomal sequences" in embryos may be

utilized by the translational apparatus later

in development, they are still likely to be

(but not necessarily) nonpolysomal at any

stage at which they are present.

It is clear, however, that after fertilization

there is a major shift of messenger RNA

from the postribosomal compartment to

the polysomes (reviewed in Davidson

(1976)). This general recruitment of non-'

polysomal sequences into polysomes may
be a particular feature of the first several

hours following fertilization and not a gen-

eral mechanism of regulation during later

development. Our data are consistent with

models for gene regulation in other systems-

where free RNP particlesare thought to be

enriched for messages intrinsically ineffi-

cient in initiation of translation (Lodish,

1974; Dworkin et al., 1977; Rudensey and
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Infante, 1979).'Alternatively, some of these

RNA species may not be messengers.

Isolation of Cloned Probes for Further

Study '

The data presented in this paper provide

the necessary background for the selection

of a smaller number of clones for more
detailed quantitative study of developmen-

tal behavior. Some clones may appear par-

ticularly interesting for further study, e.g.,

the clone that contains ausequence which is
undetectable in egg -RNA but abundant in

gastrula (Fig. 7E) or the very abundant

stage 10 sequence which is enriched in the

pellet fraction in stage 41 (Fig. 5A). How-

ever, without having to judge whatis “in-

teresting” the present data are a valuable

guide in that they illustrate the types of

developmental behavior that occur among

abundant RNAS and allow selection of rep-

resentative examples from the various

classes for further study. The advantages of ~

a screening of this type are limited, how-

ever, to the most abundant RNA molecules.

For any RNA below our detection limit,
' which includes over half of the mass of the

(RNA and the vast majority of the sequence

complexity, we have no information except

that a particular cloned sequence does.be-

long to that lower abundance class.
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