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Postsynaptic activity may modulate presynaptic functions by transsynaptic retrograde 
signals. At developing neuromuscular synapses in Xenopus nerve-muscle cultures, a brief 
increase in the cytosolic calcium ion (Ca2+) concentration in postsynaptic myocytes 
induced persistent depression of presynaptic transmitter secretion. This depression 
spread to distant synapses formed by the same neuron. Clearance of extracellular fluid 
did not prevent the spread of depression, and depression could not be induced by 
increasing the Ca2+ concentration in a nearby myocyte not in contact with the presynaptic 
neuron. Thus, the spread of depression is mediated by signaling in the presynaptic 
cytoplasm, rather than by a retrograde factor in the extracellular space. 

Activity-dependent modulation of synaptic cle cell, a form of heterosynaptic depression 
connections is crucial to the normal devel- that may underlie activity-dependent syn- 
opment and functioning of the nervous sys- aptic competition (5, 6). Similar synaptic 
tem (1 ). Persistent changes in the efficacy of 
synaptic transmission, known as long-term 
potentiation (LTP) or long-term depression 
(LTD), can be induced by a brief period of 
synaptic activity at various central and pe- 
ripheral synapses (2). These forms of activi- 
ty-dependent synaptic modulation not only 
occur at the active synapses, but may also 
spread to other synapses (3, 4). Such spread 
of synaptic modulation affects the specificity 
of activity-induced changes and has impor- 
tant consequences for signal processing in 
the nervous system. In principle, the spread 
of synaptic modulation may be confined 
within the cytoplasm of the pre- or postsyn- 
aptic neuron, thereby affecting only synapses 
associated with that cell. On the other hand, 
membrane-~ermeant diffusible factors Dro- 
duced by the active synapse may spread 
through the extracellular space to affect a 
less restricted set of nearby synapses. For 
example, induction of LTP at one synapse in 
the CAI region of the hippocampus results 
in potentiation of nearby synapses, and 
membrane-permeant diffusible retrograde 
factors appear to be responsible (4). Here, 
however, we found that long-term depres- 
sion induced at one developing neuromuscu- 
lar synapse resulted in depression at distant 
synapses made by the same presynaptic neu- 
ron. This spread appeared to be mediated by 
membrane-impermeant signals within the 
presynaptic cytoplasm. 

Persistent depression of developing neu- 
romuscular synapses can be induced by re- 
petitive stimulation of an adjacent neuron 
co-innervating the same postsynaptic mus- 
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Fig. 1. Presynaptic spread of A 
synaptic depression. (A) Dif- 
ferential interference contrast 
(DIG) image of a 1 -day-old Xe- 
nopus culture in which a 
spherical myocyte (M,) was 
manipulated into contact with 
the neurite of a spinal neuron 
(N) at a distance of -40 p,m 
from a preexisting synapse 
between the neuron and a 

de~ression can also be induced bv direct 
postsynaptic activation of acetylcholine 
(ACh) receptors through iontophoretic ap- 
plication of pulses of ACh (7). Both het- 
erosynaptic and ACh-induced depression 
require influx of Ca2+ into the postsynaptic 
muscle cell (5-7). Moreover, with the use 
of photolabile caged Ca2+ chelators, we 
recently showed that an increase in the 
postsynaptic Ca2+ concentration in the re- 
gion of the synaptic contact is sufficient to 
induce persistent synaptic depression (8). 
We have now examined whether synaptic 
depression spreads from one synapse to an- 
other made by the same presynaptic neuron 
in Xenopus nerve-muscle cultures (9 ) ,  and, 
if so, whether this spread is mediated 
through extra- or intracillular pathways. 

Myocytes loaded with nitr-5-AM (10) 
were manipulated into contact with the 
neurite of a preexisting nerve-muscle pair 

cocultured myocyte (M,). The .. 7 .. ... . .. ..... ..... . . . .. . . . . . 
manipulated myocyte (M,) B 
had been preloaded with 
nitr-5 by incubation for 1 hour 
in a separate culture dish with Ill1 i l l  I I I 
a solution containing nitr-5- 
AM (20 pM) and then exposed 
for 10 s to saline containing 20 
mM K+. R and S, whole-cell 1, 

T y- 
recording and extracellular 
stimulating pipettes, respec- c D 
tively. Bar, 50 pm. (B) An ex- 
ample of data collected for the $ Q 

synapse arrangement shown in 5 8 ,o (A). The continuous trace rep- 
resents recorded the from membrane the myocyte current 

2 - - 
m a  $: with preexisting innervation .!? w* 0.5 

(M,) under voltage-clamp con- ,* i ditions (holding potential, -70 - c 0.0 
mV, filtered at 1 kHz). EPCs . . 0 5 10 15 -10 -5 0 5 10 15 
were evoked at regular inter- Time (min) Time (min) 
vals at the times marked by the 
small dots. Photolysis of nitr-5 in myocyte M, was induced at the time indicated by the arrowhead with a 2-s 
pulse of a focused UV beam with a spot 20 p,m in diameter. EPC traces are shown below at a higher time 
resolution (filtered at 2.5 kHz) for the recording periods indicated by the brackets. Scales: slow traces, 1.5 nA, 
2 min; fast traces, 2 nA, 30 ms. (C) Synaptic depression induced in the innervated myocyte (M,) after UV 
exposure of the nitr-5-loaded myocyte (M,). Experiments similar to that shown in (B) are summarized. The 
mean amplitude of five or six EPCs recorded in the myocyte M, at 5-min intervals was normalized to the 
mean value for the same synapse during the 5-min control period before UV photolysis. Data are means 2 
SEM from 16 experiments in which myocyte M, was loaded with nitr-5 (a) and five experiments in which M, 
was not loaded with nitr-5 (A). *P < 0.05 versus corresponding control value [single-factor analysis of 
variance (ANOVA)]. (D) Synaptic depression induced at the manipulated synapse by photolysis. Experimental 
protocol and analysis were similar to those in (B) and (C), with the exception that the whole-cell recording was 
from the nitr-5-loaded myocyte (M,), according to the nystatin perforated patch technique to prevent 
washout of nitr-5 (79). The M, myocyte was either loaded (a) (n = 13) or not loaded (A) (n = 17) with nitr-5. 
The asterisk indicates P < 0.05 versus corresponding control value (single-factor ANOVA). 
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(Fig. 1A). When the contact was made, at shown by a reduction in the mean ampli- 
a distance of -50 pm (1 1) from the preex- tude of impulse-evoked excitatory postsyn- 
isting synaptic site, exposure of the nitr-5- aptic currents (EPCs) recorded in the in- 
loaded myocyte to ultraviolet (UV) light nervated myocyte (13) (Fig. 1). Five min- 
for 2 s (1 2) induced a marked synaptic utes after photolysis, the mean amplitude of 
depression of the preexisting synapse, as EPCs (including failures) was reduced to 48 

0.5 

0 
5 0.0 

0.0 0.2 0.4 0.6 0.8 1.0 
Amplitude of spontaneous events 

(normalized) 

Fig. 2. Effects of depression on the properties of synaptic currents. (A and 6) Various properties of EPCs 
(A) and MEPCs (B) after induction of synaptic depression at an adjacent synapse by UV photolysis of 
nitr-5 in a loaded postsynaptic myocyte, as described in Fig. 1, B and C. The mean value for synaptic 
currents at each individual synapse was normalized to that observed at the same synapse before UV 
photolysis, and the histograms represent the normalized values (means + SEM) for all synapses (n = 16). 
(C) Composite graphs of MEPC amplitude distribution from experiments described in Fig. 1C. The 
cumulative probability refers to the fraction of total events observed in the innervated myocyte with 
amplitudes smaller than a given amplitude, during a 5-min period before (0) and after (0) UV exposure of 
the nitr-5-loaded myocyte. Data are means + SEM (n = 6). There is no statistically significant difference 
between the two sets of data (Kolmogorov-Smimov test, P > 0.1). 

Fig. 3. Distance depen- A 
dence of the presynaptic 
spread of depression. (A) A 
DIC image of a 1-day-old 
Xenopus culture in which a 
nitr-5-loaded myocyte (M,) 
was manipulated into con- 
tact with the neurite at a site 
distant from the preexisting . . 
synapse on another myo- 
cyte (M,). Bar, 50 pm. (6) uv 
Experiment similar to that .. . . . 7 
shown in Fig. lB, with the 
exception that the nitr-5- 
loaded myocyte was posi- 
tioned 400 pm from the in- 
nervated myocyte. Scales 
as in Fig. IB. (c) summa, 
of the distance dependence 
of the spread of depression. I--.- 
The nitr-5-loaded myocytes C D 
(MI) were positioned at vari- 
ous distances (30 to 460 $ 
pm) from the innervated 2 - 
myocyte (M,). Each data E$ 1.0 - - - - 
point represents the mean m 3 
EPC amplitude recorded 4 5 0.5 from one M, myocyte 5 min - 5 0.4 
after a 2-s exposure of myo- " m 

cyte M, to UV light, normal- ' 0.0 ' 0.0 
ized to the control EPC am- 0 100 200 300 400 500 0 5 10 15 
plitude obtained from the Distance (pm) Time after UV (min) 
same synapse before nitr-5 
photolysis. The solid line represents the best linear fit of the data, with a correlation coefficient (r) of 0.42. 
(D) Delay in onset of depression at distant synaptic sites. Changes in the mean EPC amplitude in myocyte 
M, after photolysis at MI were averaged for experiments in which MI-M, distances were <50 pm (O), 
between 100 and 150 pm m, and >200 pm (4. Data were from the same set of experiments as that 
shown in (C). Data are means + SEM. The asterisk indicates P < 0.05 versus corresponding value for 
<50 pm group (single-factor ANOVA). 

+ 5% (mean + SEM. n = 16) of the 
pre-photblysis control vHlue (Fig. 1, B and 
C). This decrease in mean EPC amplitude 
was predominantly attributable to a reduced 
mean amplitude of successfully evoked syn- 
aptic currents (54 + 5% of the control 
value) and to a slight increase in the failure 
rate in eliciting evoked responses (from 
0.63% before to 8.75% after UV exposure). 
In control experiments, myocytes not load- 
ed with nitr-5 were similarly manipulated 
into contact with the presynaptic neuron. 
Exposure of these myocytes to UV did not 
induce significant depression (Fig. 1C). The 
difference between these control cells and 
nitr-5-loaded cells was still significant 25 to 
30 min after UV illumination (67 + 3% 
versus 33 + 7%; P < 0.05). Consistent with 
previous observations (14), functional syn- 
aptic transmission was established soon af- 
ter the nitr-5-loaded myocyte was manipu- 
lated into contact with the neurite. Al- 
though amplitude fluctuation of EPCs at 
the manipulated synapse was larger than 
that at preexisting synapses, a reduction in 
the mean EPC amplitude was also evident 
after UV illumination of the manipulated 
myocyte for 2 s (Fig. ID). Thus, the manip- 
ulated myocyte rapidly established a syn- 
apse with the neurite, and an increase in 
postsynaptic CaZ+ concentration could in- 
duce depression of this synapse and an ad- 
jacent synapse made by the same presynap- 
tic neuron. The decrease in the average 
evoked response was not accompanied by 
changes in the onset, rise, or decay times of 
the EPCs, or in the properties of the min- 
iature excitatory postsynaptic currents 
(MEPCs) (Fig. 2, A and B). The amplitude 
distribution of MEPCs also was not affected 
by the induction of depression (Fig. 2C). 
Thus, the depression was attributable to a 
decrease in presynaptic transmitter release 
triggered by each action potential, rather 
than to a change in postsynaptic transmit- 
ter sensitivitv or in the reliabilitv of the 
recording method. 

The spread of synaptic depression along 
the presynaptic neuron was examined by 
positioning the nitr-5-loaded myocyte at 
various distances from the preexisting syn- 
apse (Fig. 3A). Significant depression was 
apparent even when the myocyte was posi- 
tioned at a remote location. An example of 
depression at a synapse 400 pm from the 
contact site is shown in Fig. 3B. Although 
the extent of synaptic depression was simi- 
lar to that observed in nearby synapses 15 
min after photolysis, the onset of depression 
showed a delay, with no apparent depres- 
sion during the first 5 min after photolysis. 
The extent of de~ression at 5 min after 
photolysis showed an apparent dependence 
on the distance between the myocytes, 
which ranged from 30 to 460 pm in 41 
separate experiments (15) (Fig. 3C). The 
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data collected from these experiments were 
also grouped for three different ranges of 
distances. Statistically significant differenc- 
es were detected between values of the close 
(<50 pm) and far (>ZOO pm) groups dur- 
ing the first 5 min, but not 10 min after 
photolysis (Fig. 3D). These results suggest 
that there is an increased delay of onset of 
depression for synapses at greater distances, 
although similar depression may later be 
attained. 

Upon photolysis, it is possible that the 
myocyte secretes a membrane-permeant 
substance that diffuses extracellularly to ad- 
jacent and distant synapses and induces pre- 
synaptic depression. We therefore exposed 
to UV light a nitr-5-loaded myocyte posi- 
tioned at a distance of 50 to 70 pm from the 
preexisting synapse as above, but this time 
the myocyte was not placed in contact with 
the neurite (Fig. 4A). No significant synap- 
tic depression was observed, as compared 
with controls (Fig. 4C). Thus, either the 
production or the delivery of the retrograde 
signal, or both, depends on physical contact 
with or extremely close proximity to the 
presynaptic neuron. In addition, we were 
able to position a nitr-5-loaded myocyte on 
the neurite of an adjacent, noninnervating 
neuron, and found that no depression was 
induced in the preexisting synapse after UV 
photolysis, consistent with the idea that 
retrograde signaling from the UV-exposed 

myocyte to the presynaptic neurite requires 
physical contact and is not mediated by 
diffusible factors. 

To examine further whether lone-ranee - - 
extracellular signaling contributes to the 
spread of depression to distant synaptic 
sites, we introduced a suction pipette to 
remove the extracellular fluid surrounding 
the nitr-5-loaded mvocvte (16). The effi- , ,  . ,  
ciency of clearance of extracellular fluid by 
suction was confirmed by local injection of 
dye solution (Fig. 4B). Under this condition 
of clearance flow, we observed essentiallv 
the same presynapiic spread of depression a$ 
that observed in the absence of the flow 
(Fig. 4C). Thus, the observed spread of 
depression must be mediated by a signaling 
process in the presynaptic cytoplasm that is 
unaffected by extracellular clearance. The 
rate of s~ read  of de~ression can be account- 
ed for by passive diffusion of a cytoplasmic 
signaling molecule, although a role for ac- 
tive processes cannot be excluded (17). 

Previous studies on heterosynaptic and 
ACh-induced synaptic depression have 
shown that suprathreshold stimulation of 
the presynaptic neuron in synchrony with 

Fig. 4. Spread of synaptic depression under various ex- 
perimental conditions. (A) A DIC image of the synapse 
arrangement in a control experiment, in which the nitr-5- 
loaded myocyte (M,) was positioned at a site 50 pm from 
the preexisting synapse but not in contact with the presyn- 
aptic neuron or postsynaptic myocyte (M,). (B) A DIC im- 
age of a culture illustrating the arrangement for extracellu- 
lar clearance flow. A rapid suction flow was introduced 
across the nitr-5-loaded myocyte (M,) in order to wash 
away potential extracellular factors secreted by the UV- 
illuminated myocyte. Ringer's solution containing trypan 

postsynaptic activation fully prevents the 
induction of synaptic depression (5-8). 
We examined whether presynaptic spread 
of depression can also be prevented by pre- 
synaptic activation coincident with UV ex- 
posure. A nitr-5-loaded myocyte was posi- 

blue was injected from a second, smaller pipette to reveal 
the flow pattern. 0, suction pipette. D, dye inlet pipette. C 
Bar, 50 pm. (C) Mean EPC amplitudes recorded from the I .o 
postsynaptic myocyte of a preexisting synapse (normal- ? 
ized to the control value) 5 min after UV illumination of a g f  o13 manipulated myocyte. (No nitr-5 control) The manipulated 5 o,s 
myocytes exposed to UV light were not loaded with nitr- E 
5-AM. (<50 pm) Standard experiments with the nitr-5- UJ 5 0.4 

loaded myocyte positioned within 50 pm of the recorded 2 - 
0.2 myocyte and on the neurite of the presynaptic neuron. 

(Off-neurite control) Nitr-5-loaded myocytes were posi- 0.0 
tioned at a distance of -70 pm from the preexisting syn- 
apse and not in contact with the neurite, as shown in (A). 
(1 00 to 200 pm) The distance between the nitr-5-loaded 
myocyte (positioned on the neurite) and the recorded myo- 
cyte was between 100 and 200 pm. (1 00 to 200 pm with 
clearance) The same as (1 00 to 200 pm), with the excep- 
tion that a suction flow of culture medium was applied 
across the nitr-54oaded myocyte, as shown in (B). (<50 pm with concurrent stimulation) The same as 
(<50 pm), with the exception that the presynaptic neuron was stimulated to fire action potentials at a 
frequency of 2 Hz for 2 s during the period of UV exposure of M, . Data are means 5 SEM for the number 
of experiments indicated in parentheses. Asterisk indicates P < 0.05 versus no nitr-5 control (single- 
factor ANOVA). 

tioned in contact with the presynaptic neu- 
ron at a distance of 5 5 0  pm from the pre- 
existing synapse. Presynaptic firing of action 
potentials at a frequency of 2 Hz concurrent 
with the 2-s UV exposure of the myocyte 
prevented the synaptic depression (Fig. 4C). 
This result confirms that synaptic depression 
monitored in the present study was similar to 
the Hebbian modulation previously demon- 
strated at these synapses (5-8). 

In conclusion. we have demonstrated a 
rapid and long-range cytoplasmic spread of 
presynaptic modulation induced by a local- 
ized retrograde signal from a postsynaptic 
cell (18). The existence of such a Dresvn- . . . , 
aptic spread has direct consequences for the 
spatial specificity of synaptic modulation. 
The activity-dependent retrograde effect 
may be synapse specific only for a limited 
time. because distant svnaDses are soon af- , . 
fected. The resulting interaction between 
distant synapses may play an important role 
in signal processing and plasticity in the 
nervous system. 
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Gcul:i) slid 'or a~ialyss by cc , - lp~ter  ':!t i t i e  SCAN 
.:log am (,, let:-~ps-e~ U ilwers'ty 3t Strat icljcie, 
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15 T i e  s te c'i inelvat or? o i  spnercs iiyoc)res IS ce i -  
rl ally locared on r i e  s~.bstrate-'ac i g  su~ isce ar83 l o t  
at the a::liaret:t pe t:-~etel of the :-~yocyre I?; -1ie1e- 
f o~e ,  ::stances bet>;:eei tlie t?:3 iiyoc:~es ';:ere a!:- 
tslneci by iieasuririy r i e  :: srance !:et;;een tne ce i -  
ters ct tne t,;o ~:-~;oc\;-es aloig :he ieul-I-e. T;:o 
m:.oc)res msy !be loc8te:: on -he sa i ie  1ieu.te ';:I-11- 
cu- bat:ci-es c i t ? ! ~  d f f e m t  b.anclies of the sanie 
neu r e  cr on -$.":a ciifferenr Iieurlres, regs-::less of 
their elarie cl stances f ~ o i i  t i e  cell ::a::;' 

16. LocA lietfc~s~on of CLI-LIE tnecl '~~ ii ?.!as acile'!e:: ?.:I-h 
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j~,tn; coinectecl by  tiiesns o' tlu ::-fle:: t ~ l b  ng tc s 
f l ~  cl reserwor. The suct on or ou-to':! pressu e 5:)~s 
ao:~~stecl !by c iang l ig  the le\#el of t i e  f l ~ c l  reses\:c I 
teIa-~,e to : l i ~ t  e' - i e  c ~ l t ~ ~ r e  clsli. Tile flo\.: pa-te i 
,ib,as teste:l oe'cre the exper rnet:t 5:) t:i r nec l~~m ccn- 
tan ny t~,list: b11.e (F g 4Bl 21:: ?!as moi~torecl clul- 
ny :he exlierliient by o b s e ~ v ~ i g  -he mov,emen- cf 
s l n a  cell ::e!:rs n :lie cu-ure 
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e3 by r i e  e::uaron s' = 25: >;:here s s :he a\!erage 
::stance ot d t f ~ ~ s o t i  o\>er -1tiie i , atici 5 s :lie CIVLI- 
son coeffce~ir  FOI a glcl:~~lar proton of 45 kD, such 
as c\'alt:~~mn. -lie c l t f ~ s  on coetfc ent I: tlieseXc~:o- 
p ~ , s  ~ i e u ~ t e s  ';:as 15 8 = 2.1 Ipm2 s [S 'cl:c\' an:: 
i.,l -ni  ?oo, J :,!euloscf 12, 77 ,1332'1 T l i ~ ~ s  r i e  
a\!eraye t 1:-1e 1e::cltre:: for cl f f ~ ~ s o n  3: a C:TOSC e ::ro- 
ten of 45 .13 o\#el- a dstar,ce of 153 to 233 lltn s 
- 1  2 to 20 17n S n.:e ci fills c ~ i a  s glial ng bei;:een 
tile syna::ses C~LIICI - ~ L I S  accoLltir fa1 t i e  c l e q  11 :he 
onset of s::nal:t c dep~esscn c!:se-ve:: at cl stall: 
slres Acthe ~et~onrade :I-alispo~i ccucl aclie\>e a 
rate 3'53 tc 193 ilm. m n [P D Al en. J l / le t~~zas.  I. 
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of ?.:I1 ell rel:-~alns obscure It: prlnc ::le, tlie 1at:er 
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may be medateel tby membrane-!:o~~nc sunace ~no l -  
ecues -1iat ac- across rile s:t:apt c c efl E\!dence 
suggesrs tlia- n t rc  oxde N 3 '  niay ~iieclate a ::re- 
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Structures of an MHG Class II Molecule with 
Covalently Bound Single Peptides 

Daved H. Fremont,* Wayne A. Hendrickson, Philippa Marrack, 
John Kappler 

The high-resolution x-ray crystal structures of the murine major histocompatibility com- 
plex (MHC) class II molecule, I-Ek, occupied by either of two antigenic peptides were 
determined. They reveal the structural basis for the I-Ek peptide binding motif and suggest 
general principles for additional alleles. A buried cluster of acidic amino acids in the 
binding groove predicted to be conserved among all murine I-E and human DR MHC class 
I I  molecules suggests how pH may influence MHC binding or exchange of peptides. These 
structures also complement mutational studies on the importance of individual peptide 
residues to T cell receptor rpcognition. 

A n t i 2 e n  present;itlon 1-y LIHC class I I  
mi>lecules ~nvolves the ~ n t r a c e l l ~ ~ l a r  gener- 
;itLon of antieen peptlde fraements, thelr 
binding to h I H C  molecules, and the  tranz- 
port of the ci>mplexes ti> the  cell surface for 
recoynition h\- the a@ T cell receptor 
( T C R )  o t  CD4..  T cells ( 1 .  3 ) .  Although 
h l H C  molecules hinil peptides promiscu- 
o ~ ~ z l y ,  there often is a characteristic peptide 
binding motit for each h I H C  allele con- 
trolled 1.y a few of the peptide alnlno acids 
( 3 ,  4 ) .  W e  have procluced a number of 
sol~lble lllLlrllle I-E" molecules, each of 
which is homogenei-iusly occupied by a Jif- 
ferent peptide tethered l-y means of a flex- 
ible protein linlter to the NH1-terminus of 
the p chain (5-7). Several o t  these proteins 
crystallire,i readily. Tn.0 yieliieii crystals 
suit;illle for x-ray i i i f i ac t~on  analysis (8): 

one was occ~ipied 117 a peptide &xi\-ed from 
murine h e m i ~ l o h l n  [Hh(64-76)] (9) and a 
seconLl \ n t h  a pep t~de  from murllle heat 
shock proten1 7? [Hsp(236-248)] ( I ? ) .  T h e  
.str~~ctures of these complexes (Fy.  1 )  were 
determinecl at 2.3 Ai and 2.7 '4 resi>lution, 
respectively ( 1  1-1 3). 

T h e  peptides, well resolved in hot11 
structures, are hoi111~1 in a eroi>\-e betn.een 
the  a helices i>t the  h l H C  a 1  and p l  do- 
mains, a.ith 110th the  KH,-  and C O O H -  
termini of the peptides protrilding frcm the 
ends of the groove. T h e  path of the flexible 
llnbers from the KHz-termini of the  pep- 
tides to the COOM-terminus of the p l  
domain avolds the upper surface of the  mol- 
cci~lcs, \vhlch accounts for their lack of 
interference in T C R  recognition (-5, 14) .  
T h e  tn'o I-EL structures are s111lllar to  each 
other and, ~ 1 t h  the excertioll of minor 

D H Freiiont. Ho,/;zIc~ Hughes i.<le::ical I r ,st ' t~~te, 3e- l,,cl,[,,,e ,.,,iatlons, to [hat of tn.i, humall 
psrtliient of Boc: ie i i  sir; ancl I \~ lc lec~~ls  Bo.:i-jscs Cc- 
lllnbla U,lv,erslty Ke,)! Yorl< NY 13332, usA a,d DR peptide structures, DR1 complexecl 
Ho,.>:ard Hug ies  I\~le::ca nst~rute C'\.ison cf Base Im- ni1t11 ,111 inf luen~a h e m a g g l u t ~ n ~ l ~  peptide 
nunolog:,, K a r o i a  Je';:si Center fa -  1 n:-~~uicogy at::: [HA(3?6-3 1 ~ 1 1  (15) and- 7 3 ~ 3  colllplexed 
Rest 1.3-or,. l/1ecIc i e  Cenl'er, CO 80236, USA 
\x. A. ~e i c l r c l t son  ~ ~ ' ; : ~ ~ ~ l  ~~~~~h~~ ,,.decl c a  lstrLlte \vitll the  i n ~ a r l a n t  chain CLIP peptide -, ( 1  6). 
1euartiien- 3: B O C  ielrst~-,: at::: l/ loecuar B o ~ l i ' , ' ~  CS. Despite the tact that the tn.o I-EK-pep- . A 

COLI n!:a U n w "  t\ Ne;: Yet-i, uv 10332 USA t d e  complexes crystal1i:ed 111 different lat- ' l/lsrrac~ ancl J. <sppe~ ,  Hc';:sr:i Hug ies  l/lecl~cal In- 
s-ltate of Bsslc nalclogy, Ka.131al tices, the as\-mmetr~c ~111it in l ~ o t h  cases was 
Centel f o ~  m m ~ ~ t : o c g ~  slid Respratot) I\leclcil:e, c e i -  the same dimer of a p  heterodimers. Ho\i.- 
\#el C 3  80236 USA ever, the geometr\- of this i i~mer  1s ;lifferent 
'TC 5:) i c m  co11es~o1i:ieice S ~ C L I I C I  ::e a::ciresseci from that o t  the  d1111er seell in the DR1 and 




