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Genetic engineering can be defined as the transfer of DNA between hosts
(or species) by in vitro enzymatic manipulations. This implies that the DNA
to be transferred will be duplicated in the new host. Since most DNA
fragments are incapable of self-replication in E. coli or any other host cell,
an additional segment of DNA, capable of autonomous replicatisn, must
be linked to the fragment to be cloned. This autonomously replicating
fragment is the molecular cloning vector and, by definition, plays a central
role in recombinant DNA technology. Most cloning vectors were originally
derived from naturally occurring extrachromosomal elements such as bac-
teriophage and plasmids. Bacteriophage vectors like M13 and lambda have
proven to be very useful as cloning vectors and will be discussed in greater
detail in later chapters (see Chapters 2--5).

Wild-type plasmids such as pSC101 (Cohen and Chang 1973, 1977;
Cohen et al. 1973) and ColE1 (Clewell 1972; Helinski and Clewell 1972)
served as two of the first cloning vectors. Although both plasmids possessed
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6  The Plasmid, pBR322

certain features that made them useful as vectors (unique restriction sites,
autonomous replication, and selectable markers), there were no vectors
available at the time that possessed all of these features in one plasmid.

Although some of these features may not have been anticipated in the
early days of plasmid construction, most researchers have adhered to the
following criteria as a guide to the design of cloning vectors.

1.1 CRITERIA FOR PLASMID VECTOR DESIGN

1. A plasmid vector should be small, with little or no extraneous genetic
information. Because the efficiency of transformation of many host cells
decreases as the size of the plasmid approaches 15 kilobases (kb) and
above, the vector should contribute as little as possible to the overall
size of the recombinant molecule.

2. Vectors should be well characterized with respect to gene number and
location, restriction enzyme cleavage sites, and nucleotide sequence.

3. The vector should be easily propagated in the desired host so that large
quantities of vector and recombinant DNA molecules can be obtained.

4. The vector should have a selectable marker (gene) to allow cells har-
boring the vector to be distinguished from nontransformed cells.

5. An ideal vector should have an additional genetic marker that can be
activated or inactivated by the insertion of foreign DNA fragments. The
marker gene will allow cells harboring recombinant molecules to be
distinguished from nonrecombinant molecules on the basis of altered
phenotype.

6. Finally, the vector should possess the maximum number of unique
restriction enzyme cleavage sites located in one or the other genetic
marker. This provides maximum flexibility for cloning different kinds
of restriction fragments.

1.2 CONSTRUCTION AND STRUCTURE

A good example of how plasmid vectors are constructed is shown in Figure
1-1, which illustrates the various steps involved in the construction of the
plasmid pBR322 and its derivatives (Bolivar et al. 1977a,b; Bolivar 1978;
Covarrubias et al. 1981; Covarrubias and Bolivar 1982). The salient points
in the construction pathway involve the acquisition of a “relaxed mode” of
plasmid DNA replication and the ampicillin and tetracycline resistance genes
to serve interchangeably as genetic markers for selection and insertional
inactivation.

Starting with a clinical isolate harboring the colicin-producing plasmid
pMBI1, the relaxed origin of DNA replication was isolated in the form of
plasmid pMB8 (Betlach et al. 1976). The tetracycline resistance (Tc®) gene
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FIGURE 1-1 A. Schemati ion showing steps in construction of pBR322
from pMB1, pSC101, and pRSF2124 Restriction enzyme cleavage sites are repre-
sented as follows; A, Aval; B, Ball; Bml, BamHI; E, EcoRI; HIII, HindIII; Hell,
Hincll; Hpl, Hpall; P, PstI; Pvl, Pvul; PvII, Pvull; S, Sall; Sm, Smal. B. Schematic
representation showing steps in the construction of pBR329 from pBR322, pBR325,
and pBR328. Solid bars = Tc®; stippled bars = Ap®; hatched bars = Cm®. (Re-
produced from Rodnguez R L and Tait, R. C. [1983] Recombinant DNA Tech-
nigues: An Introd B G ings, Menlo Park, Calif.)

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/
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from pSC101 and the ampicillin resistance (Ap®) gene from the transposon
Tn3 (carried on the plasmid pRSF2124) were incorporated into the plasmid
pBR312 (Rodriguez et al. 1976; Bolivar et al. 1977a). This maneuver placed
the Tc® and Ap® genes onto a relaxed replicon capable of amplification with
inhibitors of protein synthesis (see section 1.4). All subsequent manipulations
were designed to maximize the number of unique restriction enzyme cleavage
sites and to minimize plasmid size. For example, the extra BamHI site near
the Ap® gene in pBR312 was removed by EcoRI* digestion (Gardner et al.
1982). Likewise, the two additional PsiI cleavage sites in pBR313 were
removed by a more complicated maneuver to give rise to pBR322. As can
be seen in Figure 1-2, pBR322 contains twenty-one unique restriction en-
zyme cleavage sites, eleven of which reside in the Tc® or Ap® genes. Since
the enzyme Hincll also cleaves the Sall site, it is not included among the
unigue cleavage sites.

With the exception of pBR327 (Figure 1-1B), which lacks 1,089 bp of
nonessential DNA present in pBR322, subsequent plasmid constructions
were designed to introduce a unique EcoRI cleavage site within a plasmid
gene. As shown in Figure 1-1B, both the colicin production gene in pBR324
(Bolivar 1978) and the chloramphenicol resistance gene in pBR329 (Cov-
arrubias and Bolivar 1982) possess unique EcoRI cleavage sites. With these
plasmids, EcoRI restriction fragments can be cloned and identified by the
insertional inactivation of a plasmid encoded gene.

One feature of pBR322 that has contributed to its wide use as a cloning
vector and research tool is the availability of a complete nucleotide sequence.
The original sequence of pBR322 was reported by Sutcliffe (1979) to consist
of 4,362 bp. This sequence was subsequently revised to 4,363 bp by incor-
porating the following two corrections (Figure 1-2). First, Heusterspreute
and Davison (1983) raised the possibility of a mistake in the Tc® gene
sequence. This would explain the absence of an open reading frame consis-
tent with earlier studies of the Tc® protein. Minicell (Meagher et al. 1977)
and maxicell (Sancar et al. 1979) studies revealed the Tc® protein to be
approximately 40 kDal, whereas the original nucleotide sequence predicted
a polypeptide of about 20 kDal. This error was later confirmed by Peden
(1983) and Backman and Boyer (1983), who showed that a GC base pair at
position 526 in the coding region of the Tc¢® gene had been omitted. The
revised sequence now shows the Tc® gene consisting of an open reading
frame of 396 amino acids or 1,188 bp (position 86-1273) specifying a 41,500
kDal (M, 37,000) protein. This protein has been shown to actively exclude
Tc from the cell (Tait and Boyer 1978) while simultaneously mediating the
uptake of potassium (Dosch et al. 1984). There is no evidence to suggest,
however, that these two functions for the Tc® protein are related.

As shown in Figure 1-1A, the Tc® gene of pBR322 was derived as an
EcoRI* fragment from the naturally occurring R-factor, pSC101 (Cohen and
Chang 1977). The Tc® mechanism of pSC101 belongs to the class C resistance

group and is closely related to the class A (RP1/Tn1721) and class B (Tnl0)
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TTCTCATE tT'laTCATLGﬂTFiREGTnBTIIRT CACASTTARATTGC TAACGCAGTCAGECAC

AAGAGTACARA TGTEGM"IRBTHGCTQTTCGBMTT.RC&CC RET GﬁkTT}MCGﬂTTGCGTCMTCCETI‘?
= e o

100
COTGTATGAAATCTAACAATGEGCTCATCBTCATCCTCGGEACCGTCACCCTEGATECTETAGBCATAGGCTTGETTATG
METLysSerAsnAsnAlalew! levalllelouGlyThrVal ThrieudsphlavalGlylleGlyleuvalneT

GCACATACTTTAGATTGETT ;CGCG“G TﬂﬁcﬂﬁTﬂGGﬂGC:G'GQL‘QGTGG’B&CCTMME ATCCGTATCCGAACCAATAC
Rsa I EcoRV Nhel
L 200
CCWT‘\C TECCGHOCCTCTTGLGGEATATCGTCCATTCCGACABCATCBLCABTCACTATGECGTGCTGCTAGCGLTATA
ProVallLeuProGlyleuleuArgaspl levalHisSerAspSerlleal aSerdisTyrSlyValleuleudlaleuTy

GGCCQTG&CWCCCGG&G&;CGCCCTHT AGCAGGTAAGET TGTCGTﬂGCGETCQGTGBT;\CCGC-‘NGHCG&T CGCG&T&;’

TGCGTTGATGCAATTTCTAT TTCTCGGAGEACTGTCCEGACCECTTTEECCGCCGCCCAGTCCTECTCGETT
rAlaleuMETG I nPheleuCysAl aProValleuGlyalaleuSerAspAraPhel] yArgArgProval Leuleualas

ACBCAACTACGTTARAGATACGT iCAAGAGCCTCGT T GGGET

BamHI(
l 400
CBCTACTTGGAGCCACTATCGACTACGCGATCA TCCTGTGGATCCTCT. TCGTE
erLeuleuGlyAlaThrIleaspTyrAlalleMETAaThe ThrProValleuTrplleLeuTyrAlatlyAral leVal

GCGATGAACCT CGGTG&TM‘SC TGATGCGCTAGTACCEE 'éﬁTGTGOﬂChGGM&CCTMmT GCGGCCTELG !mcné
»

Banll

GCCGGCATCACCEBCGCCACAGGTBCEGT TGCTBGCGCCTATATCGCCEACATCACCGATEGEEAAGATCEEGCTCGCCA
AlagiylleThrGlyAlaThrGlyAlavalalaGlyAlaTyrIleAlafdspl 1eThrAspGlyGluAspAranl afrgHi

COGCCGTAGTEBCCGCEET G'CC&CGCC”CGN:CGCGG:&IRTWDGOC TGTAGTGGCTACCCCTTC TRGCCCG#GCGE'}

FIGURE 1-2 Nucleotide sequence of pBR322. The symbols and letters appearing
throughout sequence are used according to the following convention: (a) Restriction
enzyme cleavage sites that are present no more than three times on pBR322 are
indicated by vertical arrows at the site of cleavage. (b) Structural genes are indicated
by corresponding amino acid sequence written above or below the coding strand.
(c) Promoters are indicated by the designation Py, where N refers to the identity of
the promoter according to numbering system of Stiiber and Bujard 1981 and Brosius .
et al. 1982. Boxed sequences indicate the location of the —10 and —35 conserved
sequences commonly found in most prokaryotic promoters (Rosenberg and Court
1979). Horizontal arrows indicate start point and direction of transcription for each
promoter. Location of transcription terminators can be found in Figure 1-3. (d)
Origin of replication is indicated by end-on-end arrows, starting at the first base of
nacent DNA attached to the RNA primer. Horizontal lines are used to highlight
regions of dyad symmetry thought to be biologically relevant, In the region around
position 3000, the symmetrical sequences involved in the regulation of DNA repli-
cation are identified with Roman numerals according to standard nomenclature
{Tomizawa and Itoch 1981). (From Balbas et al. 1987.)
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CTTCGBECTICQTERBCGCITGT'I TATGGTGGCAGGCCCCET TGTTEEECEGCCATCTCCT
sPhellyLeuMETSerAlaCysPheBlyValGlyMETValAlaGlyProvalAlaGlyGlyleubeuGl yAlalleSerl

GAAGCCCGAGT ACTCOCGAACAAAGCEGCACCTATACCACCRTE COBEECACCEECCCCCTGACARCCCOCEETAGABGA

Sphl
&00
TGCATGCACCATTCCTTGCGECGGCGETEGCTCAACGGCCTCAACCTACTACTGGECTGCTTCCTAATOGCABBAGTCGCAT
euHisAlaProPheleudladlanlaVallevAsnGlyLouhanleuleubouGlyCyaPhelouNETBInGluSerHin

ACGTACG IBBTRﬁGGﬂm:5éCGCCGCChCSnGTTGCCGGMTTGBﬁTGnTMCMO;IMM? TACGTLC !CnGcG‘U‘\

AcclfHinch
Sall
j_ 700
TGCCCT CAGCTCCTTCCGET ATGACTATOGT
Lyaﬁlylslunrg.nrgPr-nH.E‘J’ProLeuhrgAlaPneaenPrnValSerS@rPhenqurphlinrgﬁlthIThrlleva

TICCCYC'ICGCNH:YGGCTMGGGM!CTC TEEGTCAGTC CACCCOCGOCOOE uw\.TEnTm

|00

CGCCOCACTTATGACTBTCTTCTTTATCATBCAACTCAT, TCTGEGTCATTT
lAlaAlaLeulETThrValPhePhel leMETGInLeuvalSiyGlnval ProAlaAlaleuTrpVal IlePheGl yGlul

GAATAC YWGTMG‘TTG&GC&TCC’TGT- s CGC: GCI’CC

ACCBCTTTCGET GACGATGATCEGCCTGTCGCTTGCGETATTCEGAATC TTECACGCCCTCECTCAAGCETTE
sphrgPhebrgTroSerAlaThrMETIleGlyLeuSerLevAlaValPheGlylleloudighlaleyAlaGlnAl aPhe

CGACCTCGCGCTGCTACT, ARCGEE ATAAGCCTTAGAACGTGCGEGAGCGAGTTCOGAAG

Bgll Xmalll
200
GTCACTEGTC: ACGTT TTAT TGEGC TACGT
ValThrGlyProAlaThriysArgPheGlyGlulysGinAlalleilenl aGlyMETALaAlaAspAl aleuGlyTyrva

cagT TEETTT TCTTCOTCEGETAATAGCOECCETACCOECOGETECGCAACCCEATOCA

Nrul
“lc 1008
CTTGCTBGCETTCBCBACBCGABGCTEGATEECCTTCCCCATTATGATTCTTCTCGLTTCCGGCGGCATCGEEATGCLICG
lLeuleuAlaPhedlaThrArgGl yTrpHETALaPhe®rol leMETIleLeuleuAlaSerGlyGlyl1eGlyMETProA

GAACGACCGCAAGCECTECGCTCCGACCT, BTAATACT COCCETAGCCCTACGEEE

CBTT: TECTE TAGA AGCTTCAAGGATCGCTCBCGECTCT TACCAGT
laleuGinAlaMETL gBlnValAspAspAspHiSGInGlyGinLeuGinGlySerLevAl adlaleuThrSer

BCARCGTCCEETACGACABETCCETCCATE YMTGC106']'M!‘I‘CCCTe'lCWGTTCCTQGCE&GCMM{M&‘IBBTC&

1
1200

1]
CTAACTTCGATCACTGGACCGCTGATCETCACGGEGATT MWCCG(:jc GGCOAGCACATGGARCOEOTTGECATEEAT .

LeuThrSerlleThrGlyProleullevalThrAlalleTyrAladlaSerdlaSerThrTrpAanGlyLevAlaTrpll

TCOTGTACCTTGCCCARCTETACCTA

GATTGAAGCTAGTGACCTGECGAL TAAAT

TG CCTATACCTTGTCTGCC BAATEE
eValGiyaladlateuTyrLeuValCysLeuFroal iLiun rgAraGlyAl aTrﬂSerRrgn laThrSerThr

ACA RCCTCBGCC:GETGGRB\‘.‘NSGACTTMC
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AAGCCEGCEECACCTCEL TAACGGATTCACCACTCCARGAAT TCAATTCTT TGTGAATGC!
™ TTeCCT TCTTAACCTCGGTTAGT TAAGAACGCCTCTTBACACTTACOLE

Stil Aval
cic 1400
ARACCAACCTT ATCCATCBCE TC A GCATC TG66
cTC ."“li.l 1T & CeTCGGLGT GT
Ball
1500

TCCTEGCCACBEE GATCGTGCTCCTGTCOTT CEECTAGGE TTGCCTTACTGGTTAGCA
AGGACCEETECCCACGLGTACT TCET TECGACEEEEES TEACCAATCET

1400
GAATGAATCACCGATACECGAGCBAACETEAAGCEACTBCTECTECAARRCETCTGLOACCTOAGCAACAACATEARTEE

CTTACTTAGTGECTATGCGCTCECTTGCACT TCGCTEAL TTT GCMRCWT&M TCETTGTTGTACTTACC

TCTTCEGTTTCCATGTTTCETAARAGTCTOGAAACGCEOARGTCABCGCCCTEGCACCATTATETTCCOBBATCTGCATCECA

T TT rnceccrrcm?cccaomcs‘rse'mnuma::‘mmcmm;'

1700
GGATGCTGCTEOCTACCCTETOOAACACCTACATCTGTAT TAACGAABCGLTEECATTBACCCTGABTEATTTTTCTCTG

CCTAC T ¢ T GT HG&C“T;RYTGCT'I'{:Gl:GMCB‘ﬂﬂCTUﬁGﬁCTCMTN&MﬂMGRC
[
1800
GTCCCECCGCATOCA TGTTTACCCTCACAACGT TCCAGTAACCGGECATETTCATCATCAGTAACLCATA

t‘.ﬁGGGCM{:GTﬁGGTﬂTmGG1'CmJ\ﬂﬁTG55ﬂG"9T;GCﬁRGGTCﬂTTGDCCCBTﬂEhﬁETﬁGTﬂGTCﬂ‘ TGEGCAT

TCGTEAGCATCCTCTCTOGT |"I'ClTCGG'I“TCQTT&CCCCCWIW\:JQGMRT T:CcccTrﬁCﬂCmGﬂCﬁ?:ﬂﬂm
METT

hGI:ﬁC'lCBTﬁGSMh@CﬁMW‘GG{;HTNG’TMTmTMT I‘GTCTTTWEGMYGTDCCTCCG’IRBTTCMT

2000

CCM\ﬂ:ﬂBGR&&&&GGCECCI:'I'H\ACATMWC?TT# AGAAGT TAACGCTTC
hrlysGinGlulysThralalsuAsnHETAL aArgPhelleArgSerGinThrLeuThrieuleuGlulySleuAsnElu

GB6T TTG'lCL‘TTTTTTGUc6&6ﬁRTYG'I'aC{.‘DDGCGi\ﬂi\'lAﬁ'I'CTTCQGTCTETﬂﬂTTGCGﬂmCCTCT TTGAGTTGCTC

FIGURE 1-2 Continued
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€T TCTGTGAATCELTTC TEATGAGCTTTACCGCAGCTGCCTCEBLELE
Leufsphl aaspe luBlnAlaf=plleCysGluSerLevHisAspHisAlaAspGl uLeu'lyrnrgsnrcyﬁLluA ladr

BﬂCCmECCTRCYTGTCCGTC'[G TT. GC’ TACT I.umlll f?‘ﬂ‘

2100
TTTCGGTGATGACGETGARAACC TCTOACACATECAGC TCCCOGAGACGETCACAGETT GTCYGT‘QGCGMTGCCDDM
gPhnslyaspnspslyﬁluninLeuENﬂ . -

TACTGCCACTTT TETGTACGTE TCTGCCAGT ATTCBCCT

2200
BCAGACAAGE TCAGCOEETATTGECEROTATCEGEECECAGCCATBACCCABTCACETABCGATAGE

COTCTETTC BGBC%ICmécﬁcﬁu T

't.GGTMTBGGTU&GTGC&TCGC'I.MC&

AccliSnal  mELaxaTiON Rsal Ndel

)

WQGTETETHL'TGGL‘F Tﬂ-lC"lﬂ'lGCGmTCMHGﬂTTGTMTGmE'ImOC*ﬁTGCGGTQIm!ﬁTMCGCﬂC

CCTEACATATGACCGARTTGATACGCCETAGTETCETCTARCATES

o 2400
AGATGCGTARGGABAARATACCECATCAGGCECTCTTCCOCTTCCTCGCTCACTGACTCBCTELOCTEOETLGTTCAALT

TCTACGCATTCCTCTTTTATGGCGTAG T GAGCC

At

GEGELGAGCEOTATCAGCTCACT CﬂnABGDBBH\n‘ra\:6_5TTﬂfﬁtﬂtﬂEMTCQmSﬂTﬂﬂWCﬁGGmGM&:nTGT

CECCECT TCGAGTGAGTT TATGCCAA TTAGTCCCCTATTGCGTCCTTTCTTETACA
2500
GAGCAA GT. GTTGCTGECATTTTTCCATAGGCTCCGCCCCCCTOAC
CTCETTTTCCEETCETTTTCCGGTCCTTEGECATTTTT TATCL TG
REPLICATION
QRGN
24600

GAGCATCACARAAATCGACGE TEECGAAACT TATAAAGA TTTCCCCCTOG

CTCGT&WETT'lTTﬂGCTBéGﬂGTTCNET{:TCCﬂL‘CGCT'}TGGG:TGTEC'IGNIHI T ll.;ulwl

2700
ARGCTCCCTCGTGCECTCTCCTET TGCCGCTTAL TACCTGTCCOCCTTTCTCCCTTCBEGAAGCETEO

T ACEC BECTEEEAC ATGGLC TATGBAC CCTTCHCACT

z800
CECTTTCTCATAGCTCACGCTETAGGTATCTCAGTTCEETGTAGGTCGTTCGLTCCAAGBCTEAGCTETETGCACGAACCE

8CEi\MGi\GT.RTCGRGIMD“TCC&T&S“GTCNML‘E;\CRTC CﬂGCﬂﬂmﬂGGTTO&RCGCG&Cﬁ:mTGCT IGG&
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CCCGTTCABCCCGACCGCTGCGCCTTATCCEETARCTATCGTCT TGAGTCCAACCCGBTARGATACGACTTATCGCTACT

GGECAAGTCGGECTGOCGACEEEOAATAGGCCATTRATAGCAGAAC TCAGET TBREECATTCTETGETGARTAGEEGTGA

2900
GBCAGCAGCCACTEGTARCAGEAT TAGCAGAGCGAGGTATETAGGCEGTGCTACAGAGTT EGTGGCC'IW'I

CcG":GTCDBTGFCC“TTG‘N:C'MTCBTCTCBCTCC.RTAL.H' TGTCT Aa ACTT!H TTGA
=
P 3000
ACGOCACACTAGAAGAACABTATT TGBTATETBCOSTCTGET TTACCTTE TGETAGLTCT
TOCCOATETEATETTECTATCATARACCATAGACGCBABACEACTTCEETCART BBARBECTTTTTCTCARCCATCGAGA
m = b4
4
3100

TEATCCBELARACAAACCACCGLTGETAGCORTGGTTTTTTTETT AGAT Tc

ncuumcmrmﬁrwésceaccnrcaccaccmmmcmmrcstccsc'mcw'r‘rnrcc{
ACTAGGCCOTTT67 TTGETEGECA ARACH

T 1 f . [ PR

3200
TCARGBAABATCCTTTGATCTTT TCTACGGGGTCTGACGE TCAGTGEAACGAARACTCACGT TAAGGEATTTTGETCATEA
ﬂGTi:TTL"[ ﬂGGﬂﬂRCTlG;MRTBE CCCﬂEﬁﬂTGCG;lGTCRCCTTGC it TTG&BTS(-:RA'I TCCCTARRRCCAGTACT

Drat Dral

GATTATCAAARAGBATCTTCACCTAGATCCTTT ‘Iiﬁhﬂ'lTﬁﬂMﬁTﬁﬁﬂGTT‘n' ARATCAATCTARAGTATATATGAGTAR

CTAATAGTTTTTC CTﬂGﬁﬁé'ﬂ]BﬂIC 'H\GGRMQTT‘“"FTT TTACTTCARAATTTAGT ;’ﬁﬂﬁ'l TTCATATATACTCATT
*

ACTTOGTCTGACAGTTACCAATBCTTAATCAGTGAGGCACCTATCTCAGCOATCTETCTATTTCGTTCATCCATAGTTGE

EMDTrpHislyslleleuSeraladlylleGluflalleGlnArgfasnArgGluAspHETThrAla
A A TGTCAATEAT TAGTCAC TAGAGTCGC TAGACAGATARAGCAAGTAGETATCARCE

CTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGEECTTACCATCTEECCCCAGTGCTECAAT GATACCGCGAGACC

GlnSerGlyThrThrTyrI |wnwau leArgSe rPruq.ysmyas pPr nGI;rI.wnMaMll lel lcﬁlyﬁrshrcl
GACTGAGGGGCAGCACATCTATTGATGL TATECET TACTATEECGETCTEE

Bgll
L 3500
CACGCT CCAGATT AARCCAGCCAGEC TGB'IccTGcMCTTTn

yargGluBlyAlaGl ysorl_ys-ﬂspn lallePheTrpdl yal aFroLeusl nsuri\rql_eul.eul’r‘uﬁ IyAlaval Ly!a
GTGCGAGTGGCCGAGETCTAAATAGTCGT TATTTGGTCEETCGGCCTTCCCGECTCALETCTTCACCAGEACGTTGARAAT

3600
TCCGCCTCCATCCAGTCTATTARTTGT TECCOEGAAGCTAGAGTAAGTAGTTCGLCAGT TAATAGTTTGCGCAACGTTGT

spAlaGiuMETTrpaspll eL euGinGlnArgSeral aLauThrLtul.euG 1uGl yThr-LsuL euLysArgleuThrT hr
AGGCGGAGGTAGGTCABATAAT TAACAACGGCCCTTCGATCTCATTCATCAAGEGETCAATTATCAAATETET TGCAACA

FIGURE 1-2 Continued
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