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Abstract. This review artMe describes new enzymatic methods developed for the efficient and irreversible synthesis 
of peptides based on native and modified proteases, and for the synthesis of polypeptides containing D- and/or 
unnatural amino acids. Potential opportunities for future developments in the field based on new enzymes, tailor- 
made catalytic antibodies, and on the technique of in vitro mutagenesis are also described. 
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Synthetic peptide chemistry has been well developed for 
the laboratory synthesis of various sizes of pep- 
tides 7,1~, 16. The synthesis of polypeptides greater than 
100 amino acids in length based on the solid phase 
method 26, or on the strategy of segment condensation ~ 8, 
however, often suffers from problems such as racemiza- 
tion, low yield, and poor solubility. The biological 
method based on recombinant DNA technology has 
been the choice for the synthesis of large protein 
molecules and modified analogs with altered characteris- 
tics for structure-function study. Enzymatic methods 
based on proteases 20 combined with chemical synthetic 
methods are attractive alternatives because enzymatic re- 
actions are catalytic, regio- and stereoselective, racemiza- 
tion-free, and require minimal side-chain protection. 
Such reactions capture the maximum benefits of the 
molecular recognition between substrate and enzyme. 
Further, the reactions can be carried out in a mixture of 
organic solvent and water to improve the solubility of 
peptide segments. With these advantages, however, come 
the disadvantages that the amidase activity of proteases 
causes secondary hydrolysis of the growing peptide chain 
and that the substrates of proteases are generally limited 
to natural L-amino acids, consistent with the normal 
recognition properties of proteases. This article reviews 
new enzymatic methods which have been developed for 
peptide synthesis and describes possible future develop- 
ment in this field. 

Strategies of protease-catalyzed peptide coupling 

Two strategies are often used in protease-catalyzed pep- 
tide synthesis ~ 6: one is the direct reversal of the catalytic 
hydrolysis of peptides (i.e. thermodynamic approach, 
Eq. 1) and the other is the aminolysis of N-protected 
amino acid or peptide esters (i.e kinetic approach, Eq. 2). 
The thermodynamic approach is an endergonic process, 
and manipulation of reaction conditions is required to 
increase the product yield. The addition of water-mis- 
cible organic solvents to increase the pK value of the 
carboxyl component (thus increasing the substrate con- 
centration13), the use of a biphasic system/4, reverse 
micelles 2~, anhydrous media containing a minimal 
amount of water 30, water mimics 19, or the selection of 
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appropriate N- or C-protecting groups to reduce the sol- 
ubility of products are often employed. The kinetic ap- 
proach is faster, and the product yield can be improved 
by manipulating the reaction conditions as used in the 
thermodynamic approach. Aminolysis, however, re- 
quires the use of esters as substrates and is limited to 
those enzymes (e.g. chymotrypsin, trypsin, papain, and 
subtilisin) which form an acyl intermediate 2. The synthe- 
sis of ester substrates for enzymatic peptide coupling can 
be accomplished by chemical (by solid phase or solution 
phase) or enzymatic methods as illustrated in a recent 
report on subtilisin-catalyzed peptide segment cou- 
pling 35. Examples of successful enzyme-catalyzed pep- 
tide syntheses are shown in equations 3-13. 

Control of amide cleavage activity in serine protease cata- 
lyzed aminolysis 

The hydrolyses of esters and amides catalyzed by serine 
or thiol proteases have similar mechanisms but different 
rate-determining steps. Formation of an acyl intermedi- 
ate in amide hydrolysis is rate-determining and pH inde- 
pendent, while deacylation of the acyl intermediate in 
ester hydrolysis is the rate-determining step of general 
base catalysis and thus is pH dependent. The significant 
enhancement of esterase versus amidase activity of such 
proteases at higher pH has been utilized in the stepwise 
synthesis and fragment coupling of peptides via aminoly- 
sis, where hydrolysis of the growing polypeptide chain 
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Cbz-Tyr-Gly-GIy-Phe-OCH2CN (0.1M) + Leu-NH 2 (0.2M) MeCT, 2 mg/mL ~ Cbz-Tyr-Gly-Gly-Phe-Leu-NH 2 (99%) 
50% DMF, pH 8.5, 1-2 h Enkephalinamide 

N ~ O  subtilisin, 5 I.tmol 
Boc-Tyr-D-Ala-Phe-Gly-O + Tyr.Pro.Ser(OBzl)_NH 2 ~, Boc-Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser(OBzl)-NH 2 (82%) 

1 mmol 3 mmol 50% DMF, pH 9, 10 mL, lh Dermorphin 

Cbz-Tyr-OMe + D-Arg-OMe chymotrypsin (0.2 raM) �9 Cbz-Tyr-D-Arg-OMe (70%) 
0.5 M 1.5 M 50% CH3CN, pH 9, 1-2 h 

crude papain (0.8 g) 
Cbz-Phe-Gly-OEt + D-Leu-OMe l, Cbz-Phe-Gly-D-Leu-OMe(87%) 

0.2 M 0.4M 40% dioxane, 10 mL, pH9, 2.5 h 

Cbz-Asp(OBzl)-OBzl + D-AIa-OPr / 
0.3 M 1M 

Moz-Asp + Phe-OMe 
25 mM 25 mM 

Cbz-Asp + Phe-OMe 
2 mmol 4 mmol 

papain (200 mg)-XAD-8 
Cbz-Asp(OBzl)-D-Ala-OPr i (86%) 

4-methylpentan-2-one, 3 mL, 2 days 

crude papain (2 g) 
Moz-Asp-Phe-OMe (70%) 

93% EtOAc, pH6.2, 800 mL, 3 days 

thermolysin, 10 mg 

10 mL H20, pH 6-8, 40~ 3-5 h ~ 
Cbz-Asp-Phe-OMe (96%) 

crude papain (150rag) 
Cbz-Ala-OMe (0.1 M) + Gly-OPr i (0.2 M) + D-Leu-OMe (0.2 M) 

60% MeOH, pH 9.5, 10 mL, 12 ~" 

subtilisin, 0.1 g 
Ac-D-Phe-OEt + Phe-NH 2 tert-Amylalcohol, 31 mL, 45~ 3 ~ays Ac'D'Phe-Phe-NH2 (67%) 

3.1 mmol 3.1 mmol 

Cbz-Ala-Gly-D-Leu-OMe (69%) 
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(3) 37 

(4) 35 

(5) 39 

(6) 2 

(7) 3 

(8) 9 

(9) 15 

(10) 4 

(11) ~" 

Cbz-Gly-Pro-Gly-Gly-Pro-Ala + Leu-Leu-Phe-NH 2 thermolysin (3 mg/mL) 
�9 - Cbz-Gly-Pro-Gly-Gly-Pm-Ala-Leu-Leu-Phe-NH 2 (67%) (12)35 

40 mM 40 mM tert-Amylalcohol with 1% water, 
9% formamide, 45~ 4 days 

Carboxypeptidase A � 9  Thr-OBu t (0.8 M), pH 7, <12~ �9 (13) 25 

B ' ' Arg-Lys-Ala Arg-Lys Trypsin (2-5 [aM), 50% Org. Solv. Arg-Lys-Thr-OBu t 

Porcine Insulin 10 mM 90% 

was inhibited 3. Alternatively, esterases without amidase 
activities (such as lipases) can be used as catalysts for 
aminolysis 23.37. The rate, however, is very slow. Serine 
and thiol proteases 2, 39 have been found to behave simi- 
larly as nonproteolytic esterases when water-miscible or- 
ganic solvents such as dimethylformamide (DMF), diox- 
ane, or acetonitrile are added to the aqueous enzyme 
solution. The different effect o f  water-miscible organic 
solvents on the esterase and amidase activities of  trypsin 
has been known for some time 11. The application of  such 
a solvent effect to the kinetically controlled peptide syn- 
thesis, however, has only recently been exploited 2"39. 
Further investigation of  this phenomenon by reducing 
the water content in a subtilisin-catalyzed aminolysis re- 
vealed that the enzymatic activity decreased with de- 
crease in water content and became catalytically inactive 
in anhydrous D M F  2. Although the enzyme is reasonably 
stable in anhydrous DMF, the aminolysis reaction is too 
slow to be useful for practical synthesis. In the presence 
of  50-70  % DMF, the enzyme is quite stable and active 
for aminolysis, while the amidase activity is insignifi- 
cant ~. 

To further investigate the effect of  organic solvents on 
catalysis, the kinetic parameters (kea t and Kin) for chy- 
motrypsin 32 and subtilisin 3 catalyzed hydrolysis of  ester 
and amide substrates were determined. It was found 
that organic solvents affect both catalysis and binding. 
Both kca t and kcat/K m for the amide as well as the ester 
hydrolysis decrease as the content of  organic solvent in- 
creases. The rate of  decrease for the amide hydrolysis, 
however, is faster than that for the ester hydrolysis. 
Amides are generally more tightly bound to the enzyme 
as the organic solvent is added to the solution except in 
the case of  hydrophobic amides. The binding of  ester 
substrates, however, is affected less by organic solvents 
(tables 1 and 2). A typical free energy diagram for chy- 
motrypsin catalysis in an aqueous solution and in a 50 % 
DMF solution is shown in figure 1. The transition-state 
energy for both the ester and amide hydrolysis increases 
when the organic solvent is added to the solution. The 
acyl-intermediate, however, is less stable in the presence 
of  D M F  compared to that in the aqueous solution. The 
energy barrier for the formation of  an acyl-enzyme-nu- 
cleophile complex in the presence of  D M F  is lower, and 
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Table  1. Kinet ic  p a r a m e t e r s  for  nat ive,  5 0 %  D M F  modif ied  chymot ryps in ,  and  m e t h y l c h y m o t r y p s i n  ca ta lyzed  hydrolyses  o f  Suc -Ala -Ala -P ro -Phe -X  
(Where  X = p N A  and  SBzl) ~. 

kr K= k~,t/K = k 2 Ks 
(s- t) (gM) (M 1s - 1) ( S -  1) (M- 1) 

Nat ive  
S u c - A A P F - p N A  46 + 2 86 ___ 9 5.35 x 10 s 76.5 1.43 x 10 4 
in 5 0 %  D M F  8.5 + 2 270 +_ 34 3.15 x l04 9.3 2.96 x 10 4 
Suc-AAPF-SBzl  116 _ 1 30 _+ 2 3.92 x 106 - 
in 5 0 %  D M F  98.2 + 16 2280 _+ 400 4.31 x 104 - 
M e C T  
S u c - A A P F - p N A  0.020 + 0.005 270 ___ 15 75 0.0312 4.15 x 10 '* 
S U C - A A P F - S B z l  0.059 _+ 0.002 415 -+_ 75 142 

k 2 is the rate constant from ES complex to the acyl intermediate and K s is the dissociation constant of enzyme-substrate complex. 

Table 2. Free energy values for native, 50% DMF modified chymotrypsin and methylchymotrypsin action on Suc-Ala-Ala-Pro-Phe-X (Where 
X = pNA and SBzl). 

Enzyme Relative free energies, "kcal/mol 
AG ~ (ES) AG* (k2) AG* (k3) AG* (k~t/Km) b AG ~ (ES') 

Native 2.94 14.87 14.62 16.63 2.01 
in 50% DMF 3.36 16.12 14.72 19.30 4.58 

MeCT 3.56 19.49 19.11 22.68 3.57 

~Alt free energies calculated are relative to the energy of the free enzyme assigned 0 kcal/mol, bFor the ester hydrolysis. 

~2 

o9 

a ,  

AAG= 3.05 kcal/mol ! i  f '  
~,, 

i/,~t~ ! ] bAG = 2,67 kcal/mot 

o ~ ', 

k~ 

E + S 0.2 kcal/mo[ AAG = 2.57 kcal/mol E + P2 (acid) r 
(Pepfide) 

AAG = 5.24 kcal/rno~ -' 
o i, 

j l  

~t~ ~ AAG = 6.05kcal/mol 
~ : '. 

~. ~.' 

E + S 0.62 kcal/mol AAG = 1.51 kcal/mol 
(Peptide) 

E+ P2 (acid) 

Reaction progress 

Figure 1. Free energy diagrams for the chymotrypsin reactions in 
aqueous (solid line) and 50% DMF solution (dashed line). 

Reaction progress 

Figure 2. Free energy diagrams for the native (solid line) and methylated 
(dashed line) chymotrypsin reactions. 

aminolys is  is thereby more  favorable  t h a n  hydrolysis.  In  
the direct ion of  amide  cleavage, the ra te -de te rmin ing  en- 
ergy barr ier  for the fo rma t ion  of  an  a w l  in te rmedia te  is 
subs tant ia l ly  high, accoun t ing  for the irreversible na tu re  
of  the aminolysis  process. 
I n t roduc t i on  of  a methyl  g roup  to the e-2 N of  the active- 
site His of  chymot ryps in  resulted in  a s ignif icant  change 
in the enzymat ic  catalysis 36. The methyla ted  enzyme 
(MeCT)  favors  aminolysis  over  hydrolysis  (Eq. 3). The  
effects o f  me thy la t ion  on  the enzyme kinetics (tables 1 
and  2) are very similar  to that  o f  organic  solvents as 
indicated in the free-energy d iag ram (fig. 2) 35 . Previous  
studies on  the acyla t ion an d  deacyla t ion  react ions cata-  
lyzed by M e C T  indicated that  a func t iona l  g roup  with 

p K  a = 7 was involved as a general  base ~2. Our  recent  
13C -NM R  study indicated the presence of  an  O-acyl in- 
te rmedia te  36 in the MeCT-ca ta lyzed  ester hydrolysis.  All  
these results suggest that  the u n m e t h y l a t e d  N (6-1) of  the 
active site His  acts as a general  base for aminolys is  
(fig. 3). This  process m ay  require r ing-f l ipping of  the 
methyla ted  imidazole,  a process first suggested by Hen-  
derson  11 and  later suppor ted  by  studies on  solvent  iso- 
tope effects 8, p r o t o n  inventor ies  34, a n d  model  sys- 
tems 33. The slight change in the o r i en ta t ion  of  the 
active-site groups  Asp,  His, Ser after me thy la t ion  and  
r ing-f l ipping m ay  account  for the favorable  aminolysis  
versus hydrolysis  for MeCT. Other  serine proteases m a y  
be modif ied  similarly to have new enzymat ic  activities 
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His 57 
~ er195 His 57 

Aspl02. CO2_ ~ N _ F  " H O ~er195 
rrN.,~ XCH3- 

His 57 

.o; Asp 102- CO2- H3CI ~,,,NH 

His 57 
/ ~  Ser195 

IL Asp 102" C02- H3c,N~N~....r H-Off 
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Asp lo2 . CO 2- 

O 

His 57 

/ - ~  H O  ~er'9, 
Asp 1~ 2- N ,~N~I - 

H3C/g2"~ ' 

AspI~ CO 2" 

His 57 / 

N ,,uN9 ~'~_ 
H3C" ~ H2N I R" "O 

R' 
i i 

Ser195 

H3C R~OR'  

i 

Ser 195 

R'NH 2 

~ 5 7  j C T  195 

Asp 102 . CO 2- H3c/N~ N R~'O 

/ ~  R'OH 

Figure 3. Mechanisms for the active-site methylation of chymotrypsin 
(top) and aminolysis catalyzed by the methylated enzyme (bottom). 

useful for peptide segment coupling. It is worth noting 
that subtilisin can also be converted to an acyl transferase 
via modification of the active-site serine to cysteine zs or 
selenocysteine 41. An alternative approach to avoid the 
problem associated with the endopeptidase activity of 
proteases is to use exopeptidases as catalysts for peptide 
coupling. Carboxypeptidase Y, for example, has been 
successfully used in the stepwise synthesis of peptides 
from the N to C terminus 40. Nonproteases involved in 
protein synthesis also hold potential. These enzymes re- 
quire ATP or GTP to activate the carboxyl group of an 
amino acid, and seem to accept various amino acid nucle- 
ophiles for amide bond formation 27. 

Introduction of D- and unnatural amino acids to polypep- 
tides 

In the protease-catalyzed pepfide coupling, the enzyme is 
very specific for L-amino acids as the P1 residue (the acyl 

donor group). The PI' residue (the nucleophile) is more 
flexible, and both L- and D-amino acids are acceptable. 
D-amino acids usually react about one tenth (1-5 ~tmol/ 
min/mg enzyme) as fast as the L-counterparts 31, 3s. Pro- 
line and other secondary amines are usually not accepted 
as donor or acceptor for serine proteases due to 
stereoelectronic effects 6. Peptide segments containing D- 
or unnatural amino acids at the position remote from the 
P1 or PI'  site, however, can be used as substrates for 
enzymatic peptide segment coupling 2'39 (Eqs 5-7). 
Nonproteolytic enzymes such as esterases and lipases 
accept both D- and L-amino acid derivatives as weak 
acyl donors or acceptors 37. The enantioselectivity of en- 
zyme catalysis can be altered by solvent engineering. The 
enantioselectivity of subtilisin, for example, changed dra- 
matically upon a transition from aqueous solution 
to anhydrous tert-amyl alcohol as measured by the 
rate ratio (VL/VD) of the enzyme catalyzed hydrolysis 
and aminolysis of N-acetyl-L- and D-phenylalanine 
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chymotrypsin (35 mg) 
50% DMF, pH9 
1-2 days 

H2  CO2Mo 
+ ~ N ~ 113k5 NO2 

H H 

t H2/PtO2 ~ ' N  I H2/PtO2 

H H 

Scheme 1. D-L L 

chloroethyl ester 22 (Eq. 11). This observation led to the 
incorporation of D-amino acids as the P1 residue into the 
N-terminal position of peptide bond. The reaction rate, 
however, is very slow (i.e. < 0.1 ~tmol/min/mg enzyme). 
The D-isomer selectivity of chymotrypsin in the hydroly- 
sis of cr carboxyl esters enabled us to de- 
velop a new strategy for the synthesis of  pseudodipep- 
tides containing D-cc-methyl-~-amino acids at the 
N-terminal position, cr enan- 
tioselective aminolysis of butyl 3-(3-indolyl)-2-methyl-2- 
nitropropionate with L-leucine amide, for example, gave 
a peptide which upon catalytic hydrogenation yielded 
~-methyl-D-tryptophanyl-L-leucine amide 35 (Scheme 1). 
The above methods provide satisfactory methods for the 
incorporation of unusual amino acids in small peptides 
because of the relaxed recognition requirements of sub- 
sites. However for protein synthesis, more subtle tech- 
niques are required. 
A new method recently developed for the site-specific 
incorporation of unnatural amino acids into proteins 
involves a chemically acylated suppressor tRNA that in- 
serts the amino acid into a position where the codon is 
substituted with a nonsense codon 29. 

New enzymatic catalysts for peptide synthesis 

Although some proteases can be manipulated to accept 
D-amino acids as weak acyl donors, their utility for the 
synthesis of D-peptides is still quite limited. New en- 
zymes are required for this purpose. A new thiol protease 
specific for D-alanine amide was recently isolated 1. The 
enzyme possess both esterase and amidase activities for 
certain D-amino acids and has been used in the synthesis 
of  D-alanyl dipeptides via aminolysis. Other proteases 
specific for the D-configuration may exist in nature, but 
remain to be explored. The technique of site-directed 
mutagenesis has so far not been able to change an en- 
zyme specific for L-substrates to that for D-substrates. 
The recent development in catalytic antibodies, however, 

seems to be promising in this regard. Antibodies raised 
against a phosphonamidate hapten catalyze an aminoly- 
sis reaction to form a peptide bond 17. The reaction was 
believed to proceed through a tetrahedral transition state 
which resembled the hapten. Phosphonate haptens were 
also used to elicit antibodies for bimolecular amide for- 
mation 5 and D-ester hydrolysis 32. Major problems in 
the antibody catalysis that remain to be solved are to 
overcome product inhibition and to increase the catalytic 
efficiency for large-scale synthesis. It may be possible in 
the future to develop tailor-made catalytic antibodies for 
the synthesis of specific peptide bonds. 

Issues of stability 

As proteases and other enzymatic catalysts become use- 
ful for peptide synthesis, their stability becomes a major 
concern. One limitation to the usefulness of most en- 
zymes in synthesis is their intrinsic instability in many 
unnatural environments required for organic reactions. 
Many techniques such as immobilization have been de- 
veloped to improve the stability of enzymes for large- 
scale reactions. Another solution to this problem is to 
create a stable protein catalyst via amino acid substitu- 
tion. More stable enzymes can be obtained via selection 
from thermophilic species or via site-directed mutagene- 
sis. A subtilisin mutant derived from subtilisin BPN' via 
six site-specific mutations was 100 times more stable than 
the wild-type enzyme in aqueous solution and 50 times 
more stable than the wild-type in anhydrous DMF, and 
was applied to the synthesis of  peptides, chiral amino 
acids and sugar derivatives 39 (Eq. 4). 

Synthesis of raeemization-free peptides 

The high enantio- and diastereoselectivity in protease- 
catalyzed peptide coupling in various conditions enables 
us to synthesize peptide bond without racemization at 
the P1 position. Recently, the stereospecificity of 
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DCC subt i l i s in  
B o c - M e t  + L e u - O M e  ,~ B o c - L - M e t - L - L e u - O M e  (91 .3%)  

B o c - D - M e t - L - L e u - O M e  (8 .7%)  4 0 %  aceto~ae 
p H 8 . 2  

B o c - L - M e t - L - L e u - O H  (85%)  P h e - O M e  B o c - L - M e t - L - L e u - L - P h e - O M e  (90.4%) 
D C C  B o c - L - M e t - D - L e u - L - P h e - O M e  (9 .6%) 

subt i l is in  
B o c - L - M e t - L - L e u - L - P h e - O H  (80%) 

Refiews 

protease reactions has been further investigated at the P2 
and P3 positions, and it has been found that subtilisin 
reactions in water-organic cosolvents are highly specific 
for L-amino acids at the P1 and P2 positions 10, 39. It is 
flexible for both D- and L-amino acids at position P3 and 
beyond. A new strategy based on this finding has been 
developed for the synthesis of racemization-free peptides 
from the N to C terminus lo. The procedures involve the 
chemical coupling of peptide bonds and subtilisin-cata- 
lyzed deprotection of the carboxyl ester. The enzymatic 
deprotection reaction only hydrolyzes the ester group 
with an L-amino acid at the P1 site; the racemized 
product is not hydrolyzed and can be easily separated. 
Repeating this procedure will therefore extend the pep- 
tide chain with no contamination of racemized products. 
Scheme 2 illustrates the synthesis of a tripeptide based on 
this strategy. Similarly, stepwise synthesis of peptides 
from the N to C terminus using carboxypeptidase Y 40 or 
from the C to N terminus using papain 3 or other proteas- 
es will provide racemization-free peptides. Eqs 3-13 il- 
lustrate examples of enzymatic peptide coupling. 

P r o s p e c t s  

It seems clear that many biological catalysts including 
those from nature and from rational design will continu- 
ously be explored for peptide synthesis. The technology 
of recombinant DNA and site-directed mutagenesis to- 
gether with the advanced instrumentation available for 
structure determination, molecular modeling, and design 
will play very important roles in the rational develop- 
ment of catalysts for organic reactions. The recent break- 
through in the field of catalytic antibody based on a 
phage vector system 14 has made possible the production 
of tailor-made Fab fragments without going through the 
hybridoma technology. As more and more new enzymat- 
ic catalysts and new biocatalytic reactions are developed, 
organic synthesis based on biocatalysis is expected to 
combine with various chemical methods to tackle the 
new generation of synthetic problems associated with 
peptides, particularly those containing unnatural amino 
acids and peptide mimetics and conjugates. 
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Abstract. The  s t ructure  and  func t ion  o f  immunog lobu l ins ,  and  the na tu re  o f  the an t ibody  - an t igen  in te rac t ion  are 

described.  Appl ica t ions  o f  the molecu la r  recogni t ion  proper t ies  o f  an t ibodies  are discussed in the areas  o f  im- 

m u n o t h e r a p y ,  immunoassay ,  i m m u n o t a r g e t i n g  and cata lyt ic  ant ibodies .  

Key words. I m m u n o g l o b u l i n ;  m o n o c l o n a l  an t ibody ;  an t igen;  i m m u n o t a r g e t i n g ;  cy to toxic  agent ;  i m m u n o t o x i n ;  

i m m u n o a s s a y ;  enzyme- l i nked - immunoso rben t - a s say  ( E L I S A ) ;  cata lyt ic  an t ibody ;  hap ten ;  conjugate .  

Introduction 

Ever  since Kohler  and Mils te in  39,41 deve loped  the cell 

hybr id i sa t ion  m e t h o d  for  p roduc ing  con t inuous  cell lines 

secret ing a h o m o g e n e o u s  (monoc lona l )  an t ibody  of  pre- 

def ined specificity, there has  been a rapid  g rowth  in the 

knowledge  and unde r s t and ing  o f  i m m u n o g l o b u l i n  and  

an t ibody  structure,  func t ion  and p roduc t ion  at the 
molecu la r  level. This  has  arisen ma in ly  t h rough  cont r ibu-  

t ions f rom X-ray  crys ta l lography,  N M R ,  genetic engi- 

neer ing  and i m m u n o c h e m i c a l  studies, and there is no 

d o u b t  tha t  the area  will con t inue  to deve lop  and expand  

dur ing  the 1990s. As a consequence ,  society will short ly  

begin  to reap the benefits  o f  newly deve loped  an t ibody  

technologies ,  par t icular ly  t h rough  the areas o f  immu-  

no therapy ,  catalyt ic  ant ibodies ,  an t ibody- t a rge t ing  and  

immunodiagnos t i c s .  

Immunoglobulin structure and function 

A n t i b o d y  p r o d u c t i o n  is induced  in v ivo  when  the hos ts '  

l ympho id  system comes  into  con tac t  wi th  a fore ign sub- 
stance, mic ro -o rgan i sm,  or  o ther  infect ious  agent.  Ant i -  

bodies  bind spec i f ca l ly  to the an t igen  tha t  induced  their  

synthesis whereas  the t e rm i m m u n o g l o b u l i n  is used to 

des ignate  molecu les  hav ing  the same physical  charac ter -  

istics as an t ibodies  bu t  where  their  an t igen  specificity is 
unknown .  

In  the early par t  o f  the 20th century it was widely  accept-  

ed that  the ant igen  mus t  ins t ruct  the specificity o f  the 

an t ibody  by p rov id ing  a templa te .  Howeve r ,  the discov-  
64 cry by Sanger  and T h o m p s o n  in 1953 tha t  pro te ins  had  

predef ined  sequences,  and the rea l i sa t ion  tha t  the p r ima-  

ry amino  acid sequence was sufficient  to specify all the 
biological  ac t iv i ty  o f  a pro te in  2 led to the demise  o f  this 


