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The 420A S~em is the first multi­
functional, full'y automated mi­
croanalyzer to eliminate sample 
contamination, degradation and 
loss associated with manual 
techniques. Thus, it delivers the 
highest sample-to-sample re­
producibility, sensitivity and ac­
curacy for the analysis of PTC 
amino acids and other deriva­
tized biological compounds. 

The System has thr~e inte­
grated components: the Model 
420A Derivatizer, the Model120A 
Analyzer and the Model 900A 
Data Moc;fule. Together they exe­
cute every step of a protocol to 
provide unattended operation 
from sample preparation and 
derivatization; through chro­
matographic analysis, data inte­
gration and reporting. The result 
is a system with the flexibility to 
implement differing chemistry 
and separation protocols for op­
timized microanalyses. 

Analysis of PTC amino acids 
from hydrolyzed proteins or 
peptides is the first of a growing 
library of app,Uca.tior:LS-SJpeciiflcl ~IOilhe!CII~.I 
packages. l......:.:.;~~~l_lj~ 
performs amino acid analysis 
with the precision and accuracy 
of dedicated instruments and 
delivers sensitivities comparable 
to current microsequencing 
techniques. 

With the 420A System, sam­
ples are immobilized on a po­
rous, glass fiber support. Tem­
perature, chemical and other 
conditions are precisely con-

. trolled in an inert environment. 
The prepared sample is auto­
matically transferred to the on­
line analyzer; resulting data is 
integrated, reported and stored. 

For more information, contact 
your local Applied Biosysterns 
representative, one of the offices 
listed below, or indicate reader 
service number 13 6. 

A 

B 
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Ex press io n o f the Drosophila pa ir-rule ge ne paired in 
blas tode rm ( lowe r) a nd gastrul atio n (uppe r ) stage 
em bryos. As expla ined o n page 493 o f this issue. a l­
though paired has bee n cl assed as a pair-rule ge ne o n 
the basis of the two-segmen t pe riodici ty in the patt e rn­
e lements de leted in paired muta nts, in its fin a l form 
the striped p atte rn o f paired ge ne ex pressio n has twice 
th is pe riodicity. T his a nd re la ted work is reviewed in 
News a nd Views on page 472. 
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differed between NMDA and KA (Fig. 3c, d), and in individual 
spinal cord neurones KA-evoked increases in (Ca2+]; were 
always much smaller than those evoked by NMDA. These 
experiments suggest that Na + is a poor trigger for inducing an 
increase in (Ca2+];, since in several neurones the inward (Na+) 
current activated by KA produced no detectable arsenazo III 
signal. However, our results do not exclude the possibility that 
Ca2+ influx through ion channels activated by NMDA triggers 
release of Ca2+ from intracellular stores27

, contributing further 
to the NMDA-evoked arsenazo Ill signals reported here. 
Although the present results suggest a high Ca2+ permeability 
of NMDA-receptor-activated channels (Fig. 3), the net flux of 
monovalent cations (that is, conductance) decreases in the pres­
ence of Ca2+. This reflects interactions between permeant ions 
within the channel with Ca2+ acting as both a permeant ion and 
as a bl~cker of monovalent cation flux 25

•
26

•
28

. 

The experiments reported here provide evidence for an 
agonist-triggered increase in (Ca2+]; in mammalian spinal cord 
neurones. Previously, ion-sensitive microelectrodes were used 
to measure changes in intracellular ionic activity triggered by 
excitatory amino acids in frog motoneurones9

. The latter experi­
ments suggested an increase in both [Na+]; and [Ca2+]; during 
perfusion with L-glutamate but the results were difficult to 
interpret clearly as (1) neurones were not voltage-clamped and 
thus it is difficult to separate the relative contributions of Ca2+ 
influx via voltage-dependent calcium channels and agonist-acti­
vated channels, and (2) L-glutamate is a mixed agonist that acts 
at m·ultiple subtypes of excitatory amino-acid receptor2

•
6

•
7

. 

The response to NMDA-receptor activation thus provides a 
second source of calcium flux, distinct from that resulting from 
conventional voltage-dependent calcium channels, which may 
have important long-term effects on excitability. Our finding 
that the ion channels linked to the NMDA receptor subtype are 
more permeable to Ca2+ than those linked to KA receptors, has 
implications for the role of excitatory amino-acid receptors in 
CNS function. It is possible that Ca2+ influx activated by NMDA 
receptors underlies the synaptic plasticity generating long-term 
potentiation, as the latter is prevented by intracellular injection 
of EGTA to chelate Ca2+ (ref. 29) , or by blocking NMDA 
receptors with selective antagonists30

• For example, Ca2+ influx 
localized at transmitter-operated ion channels could have a role 
in organizing and regulating postsynaptic structures in an 
appropriate spatial relation to transmitter-releasing presynaptic 
terminal boutons, and it is important to consider that Ca2+ influx 
occurring at NMDA receptors located on dendritic spines might 
produce an especially large but localized elevation in · intracel­
lular Ca2+ concentration, due to restriction of Ca2+ diffusion 
along the narrow shaft of the spine. In addition, our results 
have some bearing on the mechanisms of desensitization of 
NMDA receptors, as the link that has been demonstrated 
between [ Ca2+]; and desensitization of nicotinic receptors at the 
neuromuscular junction3 1

•
3 2 may occur also for other receptor­

ionophore complexes. Thus our results may help to explain the 
· similar desensitization evoked by either large doses of NMDA 

or depolarizing voltage jumps 7 , which trigger Ca2+ entry through 
NMDA channels and voltage-dependent calcium channels, 
respectively. 

Received 3 January; accepted I April 1986. 

1. K.rogsgaard-Larsen, P., Honore, T .• Hansen, J. J., Cunis, D. R. & Lodge~ D. Nature 284, 
64-66 ( 1980). 

2. Watkins, J. C. & Evans, R. H. A. Rev. Pharmac. Tox. 21 , 165-205 ( 1981) . 
3. Mclennan, H . Ptog. Neurobiol. 20, 251 - 271 (1983). 
4. Nowak, L., Bregestovski, P., Ascher, P., Herbet, A. & Prochiantz, A. Nature 307, 462-465 

( 1984). 
5. Mayer, M. L., Westbrook, G . L. & Guthrie, P. B. Nature 309,261-263 (1984). 
6. Mayer, M. L. & Westbrook, G. L. J. Physiol., Lond. 354,29-53 (1984). 
7. Mayer, M. L. & Westbrook, G. L. J. Physiol., Lond. 361, 65-90 (1985). 
8. Dingledine, R. J. Physiol., Lond. 343, 385-405 (1983 ). 1 
9. Biihrle, C. P. & Sonnhof, U. Pjliigers Arch. ges. Physiol. 396, 154- 162 (1983). 

10. Zanotto, L. & Heinemann, U. Neurosci. Lett. 3!:, 79-84 (1983). 
II. Pumain, R. & Heinemann, U. J. Neurophysiol. 53, l - 16 (1985). 
12. Lansman, J. B., Hess, P. & Tsien, R. W. J. gen. Physiol. (in the press). 

13 . Ault. B., Evans, R. H., Francis, A. S., Oakes, D. J. & Watkins, J. C. J. Pllysiol., Lond. 307, 
413- 428 (1980). 

14. Crunelli , V. & Mayer, M. L. Brain Res. 311, 392-396 ( 1984). 
15. Hami ll , 0. P., Many, A., Neher, E., Sakmann, B. & Sigwonh, F. Pj/iigers Arch. ges. Physiol. 

391 ,85- 100 (198 1). 
16. Cull -Candy, S. G. & Ogden, D. C. Ptoc. R. Soc. B224, 367 - 373 ( 1985). 
17. Hagiwara, S. & Bylerl y, L. A Rev. Neurosci. 4, 69- 125 (1981). 
18. Smith, S. J., MacDermott, A. B. & Weight , F. F. Nature 304,350-352 ( 1983) . 
19. Gorman, A. L. F. & Thomas, M. V. J Physiol., Lond. 308,259-285 ( 1980). 
20. Berridge, M. J. & Irv ine, R. F. Nature 312,315-321 (1984). 
21. Sladeczek, F., Pin, J. P., Recasens, M., Bockaen, J. & Weiss, S. Nature 317,7 17-7 19 (198>). 
22. Schoffelmeer, A.M. N. & Mulder, A. H. J. Neurochem. 40, 615-621 (1983). 
23. Evans, R. H. & Watkins, J. C. J Physiol., Lond. 277, 57P (1977) . 
24. Nowak, L. M. & Ascher, P. Soc. Neurosci. Abstr. 10, 23 ( 1984). 
25. Mayer, M. L. & Westbrook, G. L. Soc. Neurosci. Abstr. ll , 785 (1985). 
26. Ascher, P. & Nowak, L. J. Physiol., Lond. Proc. (i n the press) . 
27. Fabiato, A. & Fabiato, F. Ann. N.Y. Acad. Sci.,307, 491 - 522 ( 1978.) . 
28. Nowak, L. M. & Ascher, P. Soc. Neurosci. Abstr. ll , 953 (1985). 
29. Lynch, G ., Larson, J., Kelso, S., Barrinuevo, G. & Schottler, F. Na ture 305, 719-721 ( 1983 I. 
30. Collingridge, G. L. , Kehl , S. J. & McLennan, H. J. Physiol., Lond. 334, 33-46 ( 1983). 
31. Parsons, R. L. in Calcium in Drug Action (ed. Weiss, G. B.) 289- 3 14 (Plenum, New York, 

1978) . 
32. Miledi, R. Ptoc. R. Soc. B209, 447-452 ( 1980). 
33. Adams, D. J., Dwyer, T. M. & Hille, B. J. gen. Physiol. 75,493-510 (1980). 
34. Ed wards , C. Neuroscience 7, 1335-1366 (1982 ). 

Replacing the complementarity­
determining regions in a human 
antibody with those from a mouse 

Peter T. Jones, Paul H. Dear, Jefferson Foote, 
MichaelS. Neuberger & Greg Winter 

Laboratory of Molecular Biology, Medical Research Council, 
Hills Road, Cambridge CB2 2QH, UK 

The variable domains of an antibody consist of a Jl-sheet 
framework with hypervariable regions (or complementarity-deter­
mining regions-CDRs) which fashion the antigen-binding site. 
Here we attempted to determine whether the antigen-binding site 
could be transplanted from one framework to another by grafting 
the CDRs. We substituted the CDRs from the heavy-chain variable 
region of mouse antibody 81-8, which binds the hapten NP-cap 
(4-hydroxy-3-nitrophenacetyl caproic acid; KNP-cap = 1.2 ._..M), for 
the corresponding CDRs of a human myeloma protein. We report 
that in combination with the 81-8 mouse light chain, the new 
antibody has acquired the hapten affinity of tile 81-8 antibody 
(KNP-cap = 1.9 ._..M). Such 'CDR replacement' may offer a means 
of constructing human monoclonal antibodies from the correspond­
ing mouse monoclonal antibodies. 

The three-dimensional structures of several immunoglobu lins 
show that the variable domains consist of two {:!-sheets pinned 
together by a disulphide bridge, with their hydrophobic faces 
packed together' -3

. The individual {:! -strands are linked by loops 
which at one tip of the {:!-sheet may fashion a binding pocket 
for small haptens 1

•
2

• Sequence comparisons among heavy- and 
light-chain variable domains (VH and VL respectively) reveal 
that each domain has three CDRs flanked by four rel atively 
conserved regions (framework regions-FRs)4

• As seen in the 
structure of the human myeloma protein NEWM (Fig. I ), the 
CDRs include each of the three main loops. Often the CDRs 
also include the ends of the {:!-strands, suggesting that side 
chains at the ends of the {:!-strands may help to fix the conforma­
tion or orientation of the loops. The framework regions form 

· the bulk of the {:!-sheet, although for example in the VH domain 
of NEWM, FRI includes part of the loop between the two 
{:!-sheets and CDR2 not only forms a loop but a comple~e 
{:!-strand (Fig. 1). The structure of the {:!-sheet framewor~ IS 

similar in different antibodies, as the packing of different s1de 
chains is accommodated by slight shifts between the two f3-
strands5. Furthermore, the packing together of VL and VH FRs 
is conserved6, therefore the orientation of VL with respect to VJ-1 
is fixed . We wondered whether the FRs represent a simple 
{:!-sheet scaffold on which new binding sites may be buil t, and 
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