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today 

Receptors, antibodies and disease 
from john Newsom-Davis and Angela Vincent 

Biochemi sts, endocrinologists immu- have been reported worldwide, to 
nologi.sts a d I · . h' d () I I d G ' . · n neuro ogists s are an <tte. n t 1e ot 1er ha n raves 
In terest · 11 111 ce surface recep to rs, a s di sease (TSI-1-R ant ibody ) and myas-
was ·d . . evi ent a t a recent symposium thenia gravis (1\Ch-R antibody) are 
held by the C iba Foundation* When moderate ly prevalent whi le as thma 
these receptors arc targets for auto- a nd other atopic disorders (132-adren-
ant ibod ies 1 · 1 · . , enc ocnne or neuro ogica l e rgic- R ant ibody) a re very common. 
d isease · 1 . . ca n resu t. Attention focussed Direct implica tion of the releva nt a nti-
part icu lar ly o n receptors (R ) for bodies in the disease process seem s 
thyroid stimulating hormone (TS H ), we ll estab li shed for most of the disor-
Insuhn, ace tylcholine (1\C h), pro lac- ders discussed, a lthough some uncer-
tin and 132-adrenergic agon ists . ta in ty ex ists abo ut the role of the 

The cli ni ca l importance of auto- recent ly identifi ed 132-adrenergic-R 
~nt ibod i es to receptors, judged pure- a ntibody. 
Y 111 numerica l te rms, varies con- In asthma a reduction in lung ti ss ue 

Siderab ly 1 1· · · d C · nsu 111 -resista nt diabetes 13, ad renergic receptors, as measure 
Insu lin-R a ntibody ), for examp le, is by agonist binding or 13 2 responses, 

ex tremely rare - less than SO cases ha s been estab li shed for some time 

• Rece!Jt A ·b , ors nt1 odies a nd Disease (Ciba 
Symposium no. 90) was organized by Dr 
David Evered and cha ired by Professor 
N. /\. Mnchi son. The proceed ings wi ll be 
published by Pitman Medica l Ltd . 

1. AChR 

a nd a ntibodies spec ifi c for the 13 2 

receptor can be identifled e ither by 
inhibition of agonist binding, by 
immunoprecipita tion of so lu bi li zed 

(fllliilllll!li fill jJ. 150 

2. Insulin -A 

4. 82-adrenergic·R 5.TSH·R 

Fig, 1. Diagrammatic representation (roughly to sca le) of proposed subunit 
structures f th · · · d · d' · 1 · d b f hi . . o e prmctpal receptors dtscusse , m tcatmg t te stze an num er o 

ndtng Stte( s) for the natural ligand (hatched). Receptors are ranked ( 1-5) acco rdmg 
to the information ava il ab le. Numbers denote the mol. wt. 

Transplantation 

Applied wisdom 
from Elizabeth Simpson 

The tradition of an annual 'Round Table 
Symposium on Applied Immunology ' was 
ca rried into its 13th year in 1\xa ms, 
Austria , on 25-27 J a nuary . 

On these occas ions sma ll numbers 
of clinic ia ns and sc ientists meet to 
discuss new developments in resea rch 
that have mutua l interest. 

In the opening sess ion on ce ll
surface ant igens H. Bainer (Rijsvijk) 
di scussed the ln -/!iuo effect of mono
clona l ant ibodies (M/\bs) directed 
against T-ce ll sub se ts in Rhes us 
monkeys grafted with a ll ogeneic skin. 
The M/\bs defined human lympho
cyte subsets that c ross react with the 
equiva lent rhesus monkey ce lls . Anti
bodies aga inst the helper/inducer 
subse t (O KT4 eq uivalent) prolonged 
skin allograft surviva l whereas those 
d irected aga inst the cy totoxic/sup
pressor subset (0KT8 equiva lent) not 
only failed to prolong surviva l but may 
have shortened it. These results a re in 
line with recent reports that in mice 
and rats the T ce ll s involved in initi
ating graft rejection are of the helper 
(Ly I+ ) phenotype and not the cy to
toxic/suppressor (Ly ]+ 2+ ) pheno
type. D . Arndt-Jovin (Gott ingen) pre
sen ted her use of sophisti cated physi
ca l met hod s (Auoresce nce e nergy 
transfer, rotat iona l diffusion and 
translational diffusion) to assess the 
density, proximity and mobility of 
mou se H-2 (Kk) a ntigens detected 
.with monoclonal a ntibodies. The basic 
info rmat ion obtained from these 
st udies shou ld a ll ow direct examin
at ion of how H-2 a ntigens ' assoc ia te' 
with such extrinsic a ntigens as viruses 
a nd thus the necessa ry const ra ints for 
considering the a lte red se lf versus dual 
receptor hypothes is of T -cel l recep
tors. P. Peterson (Uppsa la) presented 

cmztinu!'d rm fJ./51 
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160 frmnmwlrJ!',)' Today, vol . .3, Nu. (), !fJ82 

The three-dimensional structure of antibodies 

l\!Iarkus Marquart and Johann Deisenhofer 
Max-Planck Institut fi.ir Biochemic, Abtcilung Strukturforsclnmg II, D-8033 Maninsriccl, F.R.C. 

Antibody molecules arc glycoproteins which occur in 
vertebrate species. They recognize and bind an enor
mous variety of foreign substances (antigens) and sub
sequently trigger further defense mechanisms at the 
molecular or cellular level. Specific recognition 
requires surface structures complementary to the 
antigen and hence a huge variety of antibody 
molecules. In contrast the- effector functions need 
identical interaction sites in all antibody molecules. 

The determination of the primary structure of 
immunoglobulins 1-1 and the X-ray crystallographic 
studies of several antibody molecules and frag
ments1·'.7·111·12-1' led to an advanced understanding of 
the way in which antibodies meet these oppoiing 
requirements. 

Fig. 1 Schematic representation of an lgG 1 immunoglobulin 
molecule. 
The arms of the Y-shapecl molecule arc formed by the Fab parts, 
the stern is macle up by the Fe 'part. The light chains arc linked to 
the heavy chains IJy a clisulphiclc bridge close to the C-terrninus. 
The two heavy chains are connectecl via two disulphide linkages in 
the hinge region. 

Fig. I is a schematic drawing of an antibody 
molecule of class I gG I. It is composed of' two idcnt ical 
heavy chains and two identical light chains with mol. 
wts of 50,000 and 25,000, respectively. Both types of 
polypeptide chain arc folded into domains: the four 
domains of the heavy chain arc VH, CII I, Cll2, and 
CH3; the light chain consists of' the two domains VL 
and CL. All domains except CH2 arc arranged in 
pairs which arc held together by non-covalent f'orccs. 
Inter-chain disulfide bridges provide further stability. 

Among antibody molecules of a given class and 
species, the V-domains differ considerably in amino 
acid sequence, whereas the C-domains have identical 
sequences. The V-domains are composed of about 110 
amino acid residues at the N-terrninal end of heavy 
and light chains. The VII-VL pair together forms the 
antigen binding site; different antibody specificities 
arc the result of different amino acid sequences of the 
V-domains. The sequence variability in V-dornains is 
most pronounced in a few hypcrvariable rc!j"ions. On 
the other hand the framework residues arc well con
served. The constant domains CH2 and CI 13 arc 
involved in effector functions such as cornplcrncnt 
activation and binding to receptors on certain cell 
types. There is significant homolo!j"y between the 
amino acid sequences of all C-domains, and of the 
framework residues of V -domains. 

Proteolytic cleavage at the hin!j"e re!j"ion yields stable 
and functional fragments: the antigen-binding frag
ment Fab, and the Fe fragment (Fe was 1 he first anti
body fragment obtained in crystalline forrn) 1'. 

A 8 F E 

H G c D X 
ARRANGEI1EIH OF STflANDS IN IMI1UNOGLOBULII< DOI·IAII<S 

X N-TERMINUS UP •• C-TEfU11NU3 UP 

Fig. 2 Schematic drawing of the strand topology in a V
domain viewed parallel to the strands. 
(x) and (e) indicate N-and C-tenninal ends of the strands point
in~ towards the ob'iervcr. 

~ El'il'\'i<"r Bionwdi~.t! P1~'i'i J!JH_? 
II I r, 7-1 '!I 'ljH2jlllll>ll-lllllllljS2. 7.1 This materia I was copied 

at the NLM and may be 

~ubject US Copyright Laws 
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Besides IgG1, several other classes (IgM, IgA, IgD, 
IgE) and subclasses of immunoglobulins have been 
identified; the diflcrcnccs between these arc located in 
the constant region of the heavy chain. The two types 
of light chain (kappa, lambda) can combine with 
heavy chains of any class. 

Domain folding 
The general folding pattern in all immunoglobulin 

domains is very similar. It is shown schematically in 
Fig. 2 for a V -domain. The folding is characterized 
by two pleated sheets connected by an internal eli
sulphide bridge linking strands B and C. The two 
sheets cover a large number of hydrophobic amino 
acid side chains. 

Despite that gross similarity there exist substantial 
differences when one compares V- and C-domains: 
C-domains lack strand X, strand D is very short (2-3 
amino acids) and connected to strand E. In addition 
the length of the loop regions inC-domains is different 
from V -domains, thus changing the overall shape con
siderably. 

VI-I and VL, on the other hand, show only minor 
differences when comparee! with each other (except in 
the hypcrvariablc regions) as do CL, CHI and CII3. 

CH2 represents yet a third type of domain, 
differentiated from the other C-domains mainly by the 
branched carbohydrate chain linked to it. It will be 
discussed in more detail below. 

Domain-domain interaction 
Two kinds of domain interactions occur in irnmuno

globulins: lateral (or trans) interactions and longi
tudinal (or cis) interactions. 

In lateral interactions immunoglobulin domains 
other than CI-12 strongly associate to form modules 
VL-VI-I, CL-CHI, CH3-Cl-13. In V modules VII 
may be replaced by VL to form light chain V dimers 
as seen in the Bcncc-Joncs protein fragments Rei or 
Au 7

-'
1

. In Hence-Jones proteins, which arc light chain 
dimers, one of the light chains simulates the Fab parts 
of the heavy chain, as described for Mcg 111 • 

V modules associate in a different way than C 
modules do. In V modules HGCD faces (sec Fig. 2) of 
the domains get into contact, in C modules the ABFE 
faces arc involved. 

A considerable loss of accessible surface area 11 is 
connected with contact formation of the immuno
globulin domains. It amounts to 1760 A2, 1923 A2 and 
2180 A2 for VL-VH, CL-CH I modules of IgG Kol 12 ·13 

and the CH3-CH3 module of an human Fe 
fragmcnt 11 ·1" respectively. In VL-VH association both 
framework residues and amino acids from hyper
variable segments arc involved. A comparison of V
domain amino acid sequences of different animal 
species shows that the contacting framework residues 
arc highly conserved. Also the constant domain 
residues participating in lateral contact arc either 
invariant or rcplacccl by homologous residues in 

161 

different immunoglobulin chains. This low degree of 
sequence variability for the residues important for 
lateral contact formation provides an explanation for 
the fact that different L-chains can associate with 
different H-chains to give intact immunoglobulins. 

In addition to the extensive Van dcr Waals contacts, 
there exist a few trans hydrogen bonds, in which 
mainly polar side chain groups arc involved. There are 
two salt linkages in Kol CL-CI-11 contact: Glu 125 
light chain- Lys 214 heavy chain, Glu 126 light chain 
- Lys 148 heavy chain, which have their analgon in 
CI-13- Cl-13 pairing: Glu 356- Lys 439, Glu 357- Lys 
370. 

CJ-12 is an exception, as it forms a single unit 
without lateral domain interactions (see Fig. 3) *. 
Instead it interacts with bound carbohydrate, which is 
attached to Asn 297. The CI-12 residues that are 
involved in carbohydrate contact arc, with a few 
exceptions, structurally in the same positions as the 
residues that form the CI-B-CI-13 contact (face ABFE 
in Fig. 2). This demonstrates that the carbohydrate 
in CI-12 provides a substitute for the C-C con
tact and presumably helps to stabilize the Cl-12-
domain. The branched carbohydrate forms a few 
hydrogen bonds with the CI-12-domain, but the dom
inant interactions are hydrophobic in nature. The 
carbohydrate covers a hydrophobic patch of the 
protein made up of, Phe 241, 243, Val 262, 264, Tyr 
296, Thr 260, Arg 30 I, which would otherwise be 
exposed to the solvent. The loss of accessible surface 
area of one CI-12 domain is 522 A2, which is only about 
half as much covered surface area as seen in 
CI-13-Cl-13 contact (I 080 A2). This observation could 
explain the apparent 'softness' of those parts of the 
CI-12-domain, as seen in the crystal structure 11 ·1 ", 

which are most remote from the CI-13-CI-12 interface. 
The functional relevance of carbohydrate in anti

bodies is unclear. It might be involved in intracellular 
movements of the glycoprotcins and in secretion 1 r. 1 H. It 
m'ay well be that the origin of the altered functional 
properties of carbohydrate-free antibody variants is 
structural destabilization. 

In contrast to the extensive lateral interactions, 
nonbonded longitudinal interactions along the heavy 
chain or light chain are much weaker or do not exist at 
all. However, they arc interesting because con
formational changes in antibodies affect those inter
actions. 

Fig. 3, which represents the Fe part of an IgG I 
molecule shows the CI-I2-CI-I3 interaction. With a 
loss in accessible surface area of 778 A2 this contact 
has roughly one 'third of the size of CI-13-CI-I 3 contact. 
The residues that participate in CI-12-CI-13 contact 
are highly conserved in all Ig classes, suggesting that 
this contact is likely to be found in IgG and IgA and as 
CI-I3-CI-I4 contact in IgE and IgM. 

*Most readers will need a stereo viewer (commercially available) 
to sec in three dimensions the structures shown in the paired 
diagrams on pages 162, 163 and I 66. 

This material wascoP"ied 
at the NLM and may bE 
~ubjed USCoP"yright Laws 
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Fig. 5 Amino acid compa rison of res idues 98- 119 (E u num 
bering) of M603, New, Kol and Eu h eavy cha ins. T he 
und erli ned res idues were left out in Fig. 6c. 

End ofVH 
98 

M603: Cys A la A rg Asn Tyr Tyr 
New Cys A la Arg Asn Leu lie 
Kol Cys A la Arg Asp Gly Gly 
Eu Cys Ala Gly Gly Tyr Gly 

Gly Ser Thr 
A la Gly Cys 
His Gly Phe 
lie Tyr Ser 

Fig. 3 Ste reo drawi ng of a s pace 
fillin~ model of human Fc- frag-
men!. 

Til· · m o k < uk 1 ~ buil t rnlln I' ' o 
ld t· n t it;il po l) Jl t'Jl! idc c h ; 1i 11~ (t h<lill I . 
1 h ;1ir1 2J . an d id!' nti ca l ta rho ll\'c l! ·at •· 
c; ro• r p ~. !lo th h;ii \T-; a r·c r·<·I;Jtccl ll\ 
.rpproxi lll<ll l' d iark . 
r• ·rl . I>I<H'k: ( :11 2-dom a in -; or c hain I 
<t iH i < h; , in 2, I'<" J> <T I ivt l). 
l>l<w . , , . <~ n c; • ·: ( :11 1-do lna il h a nd <<Jr
hoh \ dr;11•· o r chain I ;md chain 2 
r · · · ~ JHT I ivc ly. 

Fil{. · ~ II{G I mol ec u le Ko l. 
Tlw l·;d> J> <l rl ' a nd tht · hin t;< ' -; ct;llH'Ill <lr•· 
W I' II o rdnn l i 11 1 he Ko l t ry,uli-;, 1 he h p .11 1 

', .rJ · \ ' 1.- do m ;, i 11' 
i>Lar k : ( :1.- rlom; Jilh 
i>lt l< " \ ' 11 -d tlln <Jii h 
o r ; ,~~ ~ · · : ( :II 1-d tlll'l i! i Jl'i <J lld hi nc;c "'~ ll1 l' J ll 

D seg ment 

li e 
Cys Ser Ser Ala Ser Cys D l)(' 
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