
The Structure of Antibodies

Author(s): R. R. Porter

Source: Scientific American , Vol. 217, No. 4 (October 1967), pp. 81-93

Published by: Scientific American, a division of Nature America, Inc.

Stable URL: https://www.jstor.org/stable/10.2307/24926148

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide 
range of content in a trusted digital archive. We use information technology and tools to increase productivity and 
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 
 
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at 
https://about.jstor.org/terms

Scientific American, a division of Nature America, Inc.  is collaborating with JSTOR to digitize, 
preserve and extend access to Scientific American

This content downloaded from 
��������������65.88.89.49 on Wed, 31 Dec 2025 14:32:33 UTC�������������� 

All use subject to https://about.jstor.org/terms

IPR2025-00604
Patent Owner’s Exhibit 2018

Page 000001



The Structure of Antibodies 

The basic pattern of the principal class of Inolecules that neutralize 

antigens (foreign substances in the body) is four cross-linked chains. 

This pattern is lTIodified so that antibodies can fit different antigens 

I
t has been known for millenniums 

that a person who survives a disease 
such as plague or smallpox is usually 

able to resist a second infection. In­
deed, such immune people were often 
the only ones available to nurse the sick 
during severe epidemics. A general un­
derstanding of immunity had to await 
the discovery that microorganisms are 
the causative agents of infectious disease. 
Then progress was rapid. A key step was 
taken in 1890 by Emil Von Behring and 
Shibasaburo Kitasato, working in the 
Institute of Robert Koch in Berlin. They 
showed that an animal could be made 
immune to tetanus by an injection of the 
blood serum obtained from an animal 
that had survived the disease and had 

by R. H. Porter 

developed immunity to it. Serum is the 
clear fluid that is left behind when a 
blood clot forms; it contains most of the 
blood proteins. Thus im'munity to teta­
nus is a function of a substance or sub­
stances in the blood. These substances 
were named antibodies. 

Antibodies are produced by all verte­
brates as a defense against invasion by 
certain foreign substances, known col­
lectively as antigens. The most effective 
antigens are large molecules such as pro­
teins or polysaccharides (and of course 
the microorganisms that contain these 
molecules). The demonstration of the 
appearance of antibodies in the blood is 
most dramatic if the antigen is a lethal 
toxin or a pathogenic microorganism: 

the immune animals live and the non­
immune die when injected with the an­
tigen. Innocuous substances such as 
egg-white protein or the polysaccharide 
coat of bacteria, however, are equally 
effective as antigens. The antibodies 
formed against them can be detected 
by their ability to combine with antigen, 
This can be shown in many ways. Per­
haps the simplest demonstration is pro­
vided by the precipitate that appears in 
a test tube when a soluble antigen com­
bines with antibody contained in a sam­
ple of serum. The most remarkable 
aspect of this phenomenon is the speci­
ficity of the antibody for the antigen in­
jected. That is, the antibody formed will 
combine only with the antigen injected 

ANTIBODIES BOUND TO ANTIGENS are depicted in this elec· 

tron micrograph made hy Michael Green and Rohin Valentine of 

the National Institute for Medical Research in London. The antigen 

itself is too small to be visible, but it evidently acts as the coupling 

agent that binds antibody molecules together to form the various 

multisided structures, The magnification is about 275,000 diameters. 
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with antigen, rings are formed as before, 
but the lumps at the corners are now 
gone, confirming the idea that they were 
indeed the Fe part of the molecule. 

Since most interest centers on the an­
tibody combining site, the next problem 
to solve is whether the site is to be 
found in the light chain, which is entire­
ly in the Fab fragment, or in the half of 
the heavy chain that is also present, or 
whether the site is formed by both chains 
together. It has not been possible to get 
a clear answer to this problem because 
the chains cannot be separated except 
in acid or urea solutions; this causes a 
partial loss of the affinity for antigen, 
which is not recovered even after the 
acid or urea is removed. Present evi­
dence suggests that the heavy chain is 
the most important but that the light 
chain plays a role. This may be because 
it actually forms a part of the site or be­
cause it helps to stabilize the shape that 
the heavy chain assumes and hence 
plays a secondary role that may be only 
partially specific. 

In any case, the field is clear for a di­
rect attempt at comparative studies of 
the chemical structure of the light chain 
as well as of the half of the heavy chain 
that lies in the Fab part of the molecule. 
The shape and hence the specificity of 
the combining site must depend on the 
configuration of the peptide chains of 
the' Fab fragment; this is believed to 
be determined only by the sequence of 
the different amino acids in the chain. 
Therefore it is reasonable to expect that 
if the amino acid sequence is worked 
out for the Fab half of the heavy chain 
and perhaps also for the light chain, 
then in some sections sequences will be 
found that determine the configuration 
of the combining site and that will be 
characteristic for each antibody speci­
ficity. Attempts to carry out such se­
quence studies, however, seemed unat­
tractive because of convincing evidence 
that all preparations of immunoglobulin 
gamma-even samples of purified anti­
bodies obtained by precipitation with a 
specific antigen-were actually mixtures 
of many slightly different molecules 
with presumably different amino acid 
sequences .  

�though the complexity o f  immuno-
globulin gamma (and of the other 

classes of immunoglobulins) has pre­
sented investigators with a most difficult 
puzzle, considerable progress has now 
been made in solving much of it [see 
illustration on this page J. First, there 
are two kinds of light chain, named kap­
pa and lambda, but in any one molecule 
both light chains are of the same type. 

TWO TYPES DEPENDING ON 
STRUCTURE OF LIGHT CHAIN 

THREE MAJOR CLASSES DEPENDING 
ON STRUCTURAL DIFFERENCES 
IN HEAVY CHAIN 

FOUR SUBCLASSES DEPENDING ON 
CHANGES IN STRUCTURE OF HEAVY 
CHAIN 

INHERITED ALLELIC VARIANTS OF 

/ 
IgG 

\ Y2 

IMMUNOGLOBULINS 

1\ 
K L 

IgM IgA 

EACH HEAVY OR LIGHT CHAIN Gm a-f+ 

UNKNOWN NUMBER OF IDIOTYPIC 
FORMS 

SUBDIVISIONS OF HUMAN IMMUNOGLOBULIN presented investigators with a diffi. 

cult problem to unravel. For simplicity, subdivisions are shown for only one branch at each 

level. The abbreviation "]gG" stands for immunoglobulin gamma, the antibody found in 

largest amounts and the one most easily isolated. Idiotypic forms are apparently unique 

to individual animals and may involve alterations in both the light and the heavy chains. 

The molecules containing kappa chains 
are known as K type and those with 
lambda chains as L type. Then in some 
species (probably in all) the immuno­
globulin gamma class contains several 
subclasses; four have been identified in 
human gamma globulin. The subclasses 
differ in their heavy chains,  which carry 
not only the characteristic features of the 
class but also small differences that dis­
tinguish the subclasses. In any one in­
dividual, molecules will be found of both 
K and L type, and they belong to all the 
subclasses. In addition each of the kinds 
of chain shows differences, known as al­
lelic forms,  that are inherited according 
to Mendelian principles. In an individual 
homozygous for this property only one 
allelic form of, say, the kappa chain will 
be present, but in a heterozygous indi­
vidual there will be two forms of the 
kappa chain. It scarcely need be stressed 
that all these phenomena lead to a very 
complex mixture of molecules of immu­
noglobulin gamma in the serum of any 

individual. Yet there is still another kind 
of complexity termed idiotypic. In cer­
tain circumstances it is possible for an 
animal to synthesize antibody molecules 
that are unique to itself, distinct from 
other antibody molecules of the same 
specificity in other individuals of the 
same species-and distinct from all other 
immunoglobulins in its own blood. 

Perhaps the most remarkable aspect 
of all of this is that the complexity 
seems to bear no relation to the struc­
ture of the antibody combining site. As 
far as we know at present, any antibody 
specificity may be found on any of these 
many different kinds of molecule. 

All such variations are likely to be 
based on differences in amino acid se­
quence, and already some differences 
relating to subclass and allelic changes 
have been identified. The structural 
differences are so small, however, that 
it is not possible to separate out single 
kinds of molecule by the methods avail­
able for the fractionation of proteins. 
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KLH launches an inquiry into rrSubjective Value. " 

SURVEY 
Question #1 

How much would you pay to keep 
your wife one more year? 

DO YOU REMEMBER the game kids used 
to play in school where you were asked how 
much money it would take to get you to sell 
your country's secrets? (Assuming no tor­
ture.) Or your dog? 

I t was a way of thinking about the value 
you really placed on a thing. 

One of the first things you learned was that 
"features" had very little to do with it. (For 
example, if your country had had 20 more 
rivers, or your dog's tail wagged at 86 Per 
Minute-six less than an "average" dog's­
the answer would hardly have changed.) 

When KLH began making stereo equip­
ment ten years ago, our founders (K., L., and 
H.) noticed that grownup manufacturers 
talked as though features had everything to 
do with value. We hated that. We still do. 

"Feature:" Injecting 380 horsepower into 
cars that have no plausible market save those 
who commute back and forth over the Bonne­
ville Salt Flats. 

Or Again: Advertising 300 watts of power 
in a high priced stereo console unit to give it 
the appearance of value. (Neglecting to men­
tion that large numbers of watts have nothing 
to do with hearing the music accurately, or 
even loudly, both of which depend on what 
kind of equipment you've squeezed the watts 

into. 35 watts in good equipment will do far 
better.) 

42-22-36 
To define worth solely in terms of features 
is like determining the "market value" of a 
wife from her height, age, weight, width of 
smile, tendency to suntan evenly, and the 
number of pounds of food she is capable of 
cooking up in an evening. 

It's true enough we all like to have some­
thing explicit to help our thinking. Even 
Consumer Reports will sometimes find itself 
detailing competitive features and statistics; 
akin to Playboy's 42-22-36 ratings. 

But studying the centerfold and accom­
panying data simply doesn't give us all the 
information we really need. What does? Well, 
probably nothing short of a few years in the 
same house together. 

BASEBALL PLAYER 
Packard had it right, way back in the twen­
ties, when its advertising rested on the confi­
dent slogan "Ask The Man Who Owns One." 

(I t was a new kind of "testimonial" but it's 
been watered down since. How is a man today 
to depend on testimonials to choose, say, his 
cigarette brand when dozens of equally 
beloved baseball players can't get together 
about which is best?) 
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The 40-year-old isn't the lady . It's the glasses 
she's  wearing. They contain Polaroid linear po­
larizing filters which were invented in 1927.  

Each filter contains a molecular grid which ex­
cludes all light rays except those which vibrate 
perpendicularly to the bars m the grid. This char­
acteristic has given polarizing filters a wide range 
of uses in science and industry _ 

In the 1 950's the Polaroid filter found a new 
commercial application It made 3-D movies in 
color possible. Here 's how the process worked: 

Perception of depth starts from the fact that 
the right eye pOint of perspective is different from 
the left eye pOint of perspective . The brain trans­
lates this difference Into perception of a three­
dimensional world. 

To duplicate this phenomenon, the 3-D movies 
of the 1950's were made by filming a scene simul­
taneously with two cameras ( placed to corre­
spond to the right and left eyes of a viewer) .  

The resulting right and left images were then 
superimposed on the movie screen through a pair 
of movie proJectors. 

In order to code the right and left images for 
the respective nght and left eyes of the audience, 
the right image was projected through a .polar­
izing filter having Its polanzing axis at 45 degrees 
clockwise from the vertical, and the left image 
was projected through another filter with its po­
larizing aXIs 45 degret's counterclockwise. The 
screen had an alummized surface so that it did 

Old technique: left eye and right eye images 

on their respective filmstrips. 

not depolarize the light. 
Polarizing stereo glasses with lenses oriented 

right and left to correspond to the right and left 
projection filters were placed over the eyes of the 
viewer to decode the image on the screen. Thus , 
the right eye saw only what was " seen " by the 
right camera,  and the left eye saw only what was 
"seen" by the left camera. 

New technique: 

left eye and right eye 

images alternating on 

a single filmstrip. 

Under ideal condi­
tions, 3-D gave an ex­
citingly realistic illusion 
of depth to the screen . 

Unfortunately, con­
d i t i o n s  w e r e  s e l d o m  
ideal. I t  was almost im­
p o s s ib l e  to m a i n t a i n  
p erfe c t  s y n c h r o n iz a ­
tion and registration of 
images with two films 
running through two 
p r o j e c t o r s .  A n d  3 - D  
was more apt t o  give 
eyestrain than pleasure. 

But now there's a new 
3-D process , SPACE­
V I S I O N  (uti l ized In 
"The Bubble, "  a film by 
Arch Oboler) .The right 
and left images are pho­
tographed through two 
lenses as before. How­
ever , through the use of 
prisms , the images are 
recorded one above the 
other on a single strip of 
film. The film is then 
projected through an­
other set of prisms and 
lenses which superim­
pose the right and left 
images on the screen. 

With both images on 
o n e  fi l m ,  a n d  w i t h  
p r i s m s  a n d  l e n s e s  I n  
fi x e d  p o s it i o n s ,  s y n ­
chronization and regis­
tration can be perfect. 

In addition,  the pro­
portions of this image 

(as compared with the old 3-D image) provide 
the widest possible picture on the screen. This 
extends the picture to the area of the viewer' s  
peripheral vision and further enhances the il­
lusion of depth. 

Coding and decoding the right and left images 
is still accomplished with the kind of Polaroid 
polarizing filters that made the first 3-D movies 
possible. 

Our present viewers are slightly larger than 
their predecessors  (to encompass  the wider 
screen) .  And the original paper frames have 
been replaced with plastic (so they fit comfort­
ably, even over eyeglasses ) .  

Those are the only improvements they needed. 
(How many other 4O-year-olds in show business 
hold up that well?) 

POLAROID CORPORATION 
CAM B R I DGE. MASS. 

POLARO I D  ® 
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