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Introduction 

Recombinant antibodies, which are the 
products of immunoglobulin (Ig) genes con- 
structed in vitro and expressed in transfected 
cells, represent the 'next generation' of anti- 
bodies compared to those produced by hy- 
bridomas. The technology used to produce 
hybridomas was introduced in 1975 [1] and 
made possible the immortalization of cells 
that produce antibodies directed against spe- 
cific antigens. More recently, by combining 
genetic engineering techniques with gene 
transfer methods it has been possible to con- 
struct Ig genes of predetermined specificity 
and express these genes in myeloma cells [2- 
181. 

In this review I present some of the results 
obtained with recombinant antibodies and 
discuss their significance in our understand- 
ing of  Ig regulation of expression and struc- 
ture-function relationships. The methods 
used to produce recombinant antibodies will 
be presented briefly since detailed reviews 
of the techniques involved have appeared 
elsewhere [19-21]. Finally, some of the 
applications and potential uses of recombi- 

nant antibodies in diagnostics, immuno- 
therapy, and protein purification will be 
discussed. 

Antibodies are tetrameric molecules that 
consist of two heavy (H) chains joined to two 
light (L) chains by disulfide bonds, and held 
together by inter-heavy chain disulfide link- 
ages. Both H and L chains consist of a vari- 
able (V) and a constant (C) region. Anti- 
bodies have two functional elements: the 
Fab fragment, which includes VH and VL 
and the earboxy-terminal portion of CH1, 
and the Fc fragment, which consists of the 
remaining CH domains. Fab is responsible 
for idiotype and antigen binding while Fc 
determines isotype and effector functions. 
These protein domains are determined by 
the genetic elements that make u p  the Ig 
genes (fig. 1). Three genes, V, D, and J (for 
variable, diversity and joining) combine to 
form the rearranged VH gene while only a V 
and J gene combination produces the rear- 
ranged VL gene. The juxtaposition of these 
genetic elements during B cell differentiation 
contributes to the diversity of the V regions 
in creating the antigen binding site [for re- 
yields see refs. 22-24]. 
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Fig. 1. A Schematic diagram of an lgE molecule with V regions cross-hatched and C regions open: intra- and 
interchain disulfide bonds are shown. The Fab and Fc portions are indicated by brackets below the antibody. 
B Organization of rearranged lg genes. The upper diagram is for a switched ~ gene and the lower for L chain 
genes. Exons are shown as boxes: V = cross-hatclaed; DH = solid black: .1 a*~d C = open. The major introns 
between the V and C regions are 2.1-2.3 kb for ~ genes, 1.2-1.3 kb tbr k genes, and 6.5 kb for CH genes. 

Experimental Design 

Expression of recombinant antibodies involves 
construction of rearranged V genes proximal to C 
genes in a shuttle vector and transfection of these 
genes usually into myeloma cells to obtain measur- 
able levels of secreted antibodies. 

Types of Recombinant lg Genes. Recombinant an- 
tibodies can be produced from VH genes, from myelo- 
mas or bybridomas, combined with different lsotype 
CH genes to achieve intraspecies isotype switching 
[ 14, 15, 17, 18]. Imerspecies V-C combinations result 
in chimeric antibodies [25-29]. Usually a murine V 

region is joined with a human C region to generate a 
"nearly human" antibody of known specificity. Novel 
chimeric antibodies or hybrid molecules can be pro- 
duced by joining VH genes with CL genes [30], by syn- 
thetically constructing a novel murine-human hybrid 
V gene [31], and by replacing CH exons with different 
exons coding for nonantibody functions [32]. In addi- 
tion m novel rearrangements, sfle-directed mutagene- 
sis can be used to modify novel or existing Ig genes 
[33]. 

Vectors. Recombinant Ig genes are usually cloned 
into shuttle vectors that allow one to do the molecular 
genetic manipulations in vitro and then analyze and 
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amplify the genes in Escherichia cull prior to intro- 
ducing the genes into the eukaryotic cells. The shuttle 
vector usuatly includes marker genes that can be 
selected for expression in E. coil and in mammalian 
cells. The most commonly used vectors are the pSV2 
vectors [34, 35] and their derivatives [21]. A polyoma 
virus shuttle vector has also been used [11] with the 
advantages that ( 1 ) it replicates in most celts to gener- 
ate more copies of the transferred genes and (2) tran- 
scription can initiate from polyoma regulatory se- 
quences, obviating the need to clone the lg control 
sequences along with the V and C genes. Retroviral 
vectors that transfer genes at high efficiency into a 
wide variety of mammalian cells [27, 36-38] may be 
useful in investigating Ig gene expression in different 
developmental stages of lymphoid cells and nonlym- 
phoid cells. 

Transfection. A variety of methods have been used 
successfully to introduce cloned Ig genes into mam- 
malian cells. These include DNA transfer mediated 
by calcium phosphate precipitation and DEAE-dex- 
tran [for details see ref. 20], protoplast fusion [for 
details see ref. 2t] and electroporation [8]. Transfec- 
lion frequencies (10-3-10 -5) depend on the vector, 
the recipient cell and the transfection method used. 

Expression in Myeloma Ceils. Myelomas are 
plasma cell tumors and therefore efficiently express lg 
genes and secrete assembled antibodies. Expression in 
myelomas (or hybridomas) is efficient because (t) the 
Ig regulatory signals for transcription, mRNA splicing 
and translation are properly recognized, (2) the poly- 
peptides are posttranslationaJly modified (glycosyla- 
lion), which is important for effector functions [39], 
(3) the H and L chains are properly assembled into 
tetrameric molecules that are (4) efficiently secreted, 
thus simplifying antibody purification. In addition. 
IgM contains a covalentty linked J chain which a 
hybridoma can provide [4]. Even novel Fab-like di- 
mers [30, 32] have been assembled and secreted from 
transfected myeloma cells. 

Although lg molecules and Fc fragments can be 
produced in E. coil and yeast, posttranslational modi- 
fication of the polypeptides, assembly and secretion 
are inefficient or absent in these systems [40-46]. 
Therefore, lg molecules produced in this way require 
more difficult purification procedures and/or in vitro 
reconstitution and modification to produce func- 
tional antibody molecules. 

Analysis of Transfectants Jbr lg Gene Expression. 
Cells can be assayed 48-72 h after transfeetion for the 

presence of mRNA specified by the transfected DNA 
(transient expression). Alternatively, the transformed 
cells can be grown in selective media (usually for 2 
weeks) to obtain stable transformants that express the 
transfected marker gene(s). Cloned stable transfor- 
mants can be grown in the absence of selective media. 
Transcription of transfected genes can be rapidly 
assayed using the cytoplasmic RNA dot blot method 
(fig. 2). Technically more difficult but qualitatively 
more sensitive approaches are Northern blot analysis 
and S1 nuclease mapping of transcription products to 
analyze the types of mRNAs produced by the trans- 
fected genes. 

Analysis of the protein products from transfec- 
tants can be done using standard biochemical and 
immunochemieal techniques including immunopre- 
cipitation and SDS-polyaerylamide gel electrophore- 
sis (PAGE), Western blotting (fig. 2), two-dimen- 
sional PAGE, radioimmunoassay, enzyme-linked im- 
munosorbent assay (ELISA). In addition, biological 
assays of effector functions can be used [17, 18, 26, 
28]. The antibody produced can often be purified and 
concentrated using standard immunoprotein purifi- 
cation methods. 

Regulation of Ig Expression 

O ur  unde r s t and ing  of  the regulat ion of  Ig 

gene expression has increased subs tant ia l ly  

by exper iments  using r e c o m b i n a n t  Ig genes. 

Fur the rmore ,  by in t roduc ing  Ig genes into a 

var ie ty  of  cell lines, the role o f  these ele- 

men t s  in the cell-specific a n d  tissue-specific 

expression of  Ig genes has been elucidated.  

M a n y  of  the early inves t iga t ions  of  re- 

c o m b i n a n t  Ig gene expression were done  

with ~c light chain  genes. Ochi  et al. [3] 

showed that  a t ransfected ~c cha in  clone is 

expressed in a l ight-chain defect ive m u t a n t  

h y b r i d o m a  a nd  funct ional  an t i body  produc-  

t ion  is restored to the t ransfected h y b r i d o m a  

cells. They  extended this work [4] by show- 

ing that  a comple te  IgM could be produced  

in cells t ransfected with both c loned  gt heavy 

cha in  and  ~c light chain genes. Rice and  Bal- 
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Fig. 2. A RNA dot blot for transient expression in: 
1 = myeloma J558L cells transformed with the vector 
pSV2gpt and 2 = J558L cells transformed with a 
pSV2gpt vector containing a recombinant VH-C~ gene. 
Four dilutions (1:4, 1:16, 1:64 and 1:256 from top to 
bottom) were probed with DNA for the Ca gene (upper 
half) and the vector's gpt gene (lower half). B RNA dot 
blot for: 1 = untransfected J558L cells; 2 = J558L stably 
transformed with pSV2gpt: 3 = J558L stably trans- 

formed with a pSV2gpt-VH-C~ clone, and 4 = an IgE- 
producing hybridoma. C Western blots of affinity-puri- 
fied IgE from: I = an IgE-producing hybridoma; 2 = 
J558L cells stably transformed with a pSV2gpt-V~-C~ 
clone; 3 = J 558L cells stably transformed with pSV2gpt- 
VH-Ca and pSV2neoV~-C~, clones. Arrows mark heavy 
(H) and light (L) chains" positions. The other two bands 
seen in lanes 2 and 3 may be proteolytic cleavage prod- 
ucts of the H chain. [For details see ref. 18.] 

t imore  [2] showed  tha t  a t ransfec ted  ~c cha in  

c lone is expressed  in Abe l son  m u r i n e  leuke-  

mia  v i r u s - t r a n s f o r m e d  l y m p h o i d  cells where  

it a s s emb led  wi th  y2b heavy, cha ins  to fo rm a 

comple t e  IgG2b .  They  fur ther  showed  tha t  

mi togen  s t i m u l a t i o n  o f  the t rans fec ted  cells 

inc reased  express ion  o f  bo th  ~ m R N A  a n d  

pro te in ,  t hus  d e m o n s t r a t i n g  regula ted  ex- 

p ress ion  o f  the  i n t roduced  gene. Oi  et al. [5] 

also showed  synthes i s  o f  a mouse  m y e l o m a  ~: 

cha in  f rom a t r ans fec ted  gene. Th is  ~ cha in  

a s sembled  wi th  a y l  heavy  chain  p r o v i d e d  

by the h y b r i d o m a  rec ip ien t  cells which was 

then  secre ted  as IgG 1. Light cha in  synthes is  

was not  de t ec t ed  in a t r a n s f o r m e d  t h y m o m a  

cell l ine, i nd ica t ing  t i ssue-speci f ic  regula t ion  

o f  the  i n t roduced  gene. Ra t  m y e l o m a  cells 

a lso  d id  not  synthes ize  the t r ans fec ted  

m o u s e  ~c light chain.  However ,  whe the r  th is  

is due  to d i f ferences  in in te r spec ies  regula-  

t ion  is unc lea r  s ince o thers  showed  t ranscr ip -  

t ion  o f  a h u m a n  ~c gene in mouse  pre-B cells 

[8]. These  early expe r imen t s  led to the no- 

t ion  tha t  the  t issue specif ic i ty  o f  Ig gene 

express ion  is regula ted,  at least  in par t ,  at the  

gene level. 
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The existence of regulatory DNA se- 
quences for both light and heavy chain 
genes has been documented using recombi- 
nant Ig genes. By using different Ig gene 
constructs and deletion mapping, the pro- 
moters, enhancers and an intragenic con- 
trol sequence have been located [2-14, 47, 
48]. The contributions of each of these ele- 
ments to expression in lymphoid cells of 
different stages of differentiation and in 
nonlymphoid cells has also been clarified 
[4-14, 47, 48]. Furthermore, sequences that 
regulate mRNA processing have been 
mapped [ 15, 16]. 

The promoters, DNA sequences responsi- 
ble for initiation of transcription, for both 
IgH and IgL chains are located proximal to 
the rearranged V genes. Transcriptional en- 
hancers, sequences first defined in viral sys- 
tems, strongly stimulate transcription from 
promoters and are required for accurate 
transcription. The Ig enhancers are located 
in the major introns between the most 3' J 
element and the switch recombination re- 
gion, upstream of the C genes. While pro- 
moters exert their effects on the transcribed 
genes in a directional manner, enhancers can 
act in either direction and at distances sev- 
eral hundred to several thousand base pairs 
from the promoter. 

To examine the DNA sequences involved 
in regulation of Ig gene expression various 
constructs of Ig genes are introduced into 
cells and the transfected cells are generally 
assayed for transient expression of mRNA 
using S1 nuclease mapping to determine the 
quality and quantity of Ig-specific mRNA 
present. Using this approach, both mouse 
and human ~ light chain enhancers were 
mapped by analyzing transcripts produced 
from complete and major-intron deleted 
gene clones [7-9]. 

A similar set of constructs were used to 
demonstrate and locate the H chain enhanc- 
er. Gillies et aI. [12] located the IgH en- 
hancer by deletion mapping and by demon- 
strating enhancer activity when the enhanc- 
er-containing fragment was placed in novel 
positions relative to a complete IgM gene. 
They also showed the IgH enhancer 
(1) stimulates transcription activity from a 
heterologous SV40 promoter, (2) acts in a B- 
cell-specific manner, and (3) shares homol- 
ogy with nucleotide sequences found in viral 
enhancers. Banerji et al. [47] used a different 
approach to demonstrate the presence of the 
IgH enhancer. They linked the IgH enhancer 
to the SV40 T antigen gene and detected 
transient expression of the T antigen in 
transfected cells by indirect immunofluores- 
cence. Using this technique, they demon- 
strated that the IgH enhancer behaves like 
the SV40 enhancer with the important ex- 
ception that its activity was restricted to 
lymphoid cells. Using similar constructs, but 
with the enhancer linked to the [3-globin 
gene, they showed by S1 mRNA mapping 
that transcripts produced using the IgH en- 
hancer were identical to those from the SV40 
enhancer. Their results show that the IgH 
enhancer activity is tissue-specific and dem- 
onstrate that the IgH enhancer acts indepen- 
dently of the structural gene that it affects. 

To investigate the contributions of the 
light chain promoter and enhancer to tissue- 
specific expression of ~ genes, Foster et al. 
[11] measured ~ transcription from three in- 
dependent constructs where the ~: gene was 
linked to enhancers from the ~ gene, a poly- 
oma virus, and Moloney murine sarcoma 
virus (MSV). Although transcription initiat- 
ing at the ~: promoter was observed in my- 
eloma cells for all three enhancers, little or 
no K transcription occurred when the con- 
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structs were transfected into mouse liver or 
fibroblast cells where the potyoma and MSV 
enhancers are known to function. They con- 
clude that the ~: promoter is intrinsically 
inactive in nonlymphoid cells. Interestingly, 
only low level expression of transfected 
gene was seen in T cells, despite their lym- 
phoid origin. Gopal et al. [48] also con- 
cluded that the ~: promoter contributes to tis- 
sue-specific expression. They constructed a 
series of plasmids that linked the ~ promoter 
to either the gene for chloramphenicol acetyl 
transferase or the n e o  gene that confers neo- 
mycin resistance to transformed cellsl When 
these constructs, which included a 'neutral' 
enhancer from Harvey murine sarcoma vi- 
rus, were transfected into myeloma, fibro- 
blast and mouse L cells efficient expression 
of the cbloramphenicol acetyl transferase or 
n e o  genes was only seen in myeloma cells. 

Although a complete ~ gene is efficiently 
expressed in B cells, it is not sufficient by 
itself to allow expression in nonlymphoid 
cells (e.g., fibroblasts, liver cells, monkey 
kidney cells) [5-8, 11]. Similar results have 
been obtained with complete Ig heavy chain 
genes expressed in transfected cells [4, 10, 
12-14]. Thus, there must be factors present 
only in lymphoid cells that are required for 
transcription of Ig genes [49, 50]. Proteins 
required for Ig regulation can act on inter- 
species transfected genes (e.g., mouse pro- 
teins with human genes) and are present in 
pre-B cells, a stage of immunocyte develop- 
ment that precedes ~ gene rearrangement 
[81. 

Control signals important in Ig mRNA 
processing have also been identified using 
transfected recombinant Ig genes [15, 16]. 
The switch from membrane-bound to se- 
creted antibody molecules is accomplished 
by producing alternate forms ofmRNA from 

a single lg gene. In myeloma cells, secretion- 
specific lg mRNA is primarily produced. 
DNA sequences near the RNA cleavage/ 
polyadenylation site of the secretion-specific 
mRNA for IgM [15] and lgG2b [16] have 
been implicated in the regulation of these 
two mRNA species. Regulatory sequences 
were located by deletion mapping: when the 
DNA in the region near the 3' terminus of 
the secretion-specific mRNA was deleted the 
membrane-bound mRNA was primarily pro- 
duced. DNA sequence analysis revealed a 
conserved sequence located 3' of the polyad- 
enylation site of the secreted mRNA. This 
sequence may form a stem-loop structure in 
the RNA in which the cleavage site is located 
in the exposed single-stranded loop. How- 
ever, this is not the only mechanism for pro- 
ducing secreted Ig, since the sequence is ab- 
sent in the a gene which produces a secreted 
IgA. 

Chimeric Antibodies and 
Structure-Function Relationships 

Most chimeric Ig genes constructed and 
expressed to date are of two types: (1) inter- 
species combinations of rearranged V and C 
genes to produce antibodies with predeter- 
mined functional Ig domains [25-29, 31], 
and (2) completely novel combinations of 
an antibody domain with a non-antibody 
domain [32]. In addition, an intraspecies 
chimeric molecule combining a heavy chain 
V domain with a ~ light chain domain has 
been expressed in transfected myeloma cells 
[30]. This VHC~ chimeric could assemble in 
vivo with a V~C~ chain to form a secreted 
molecule with a functional hapten binding 
site; these dimers are analogous to a Fab 
fragment except that they have two CL do- 
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mains. Secretion of another dimer Fab-like 
molecule, constructed with a VH gene, the 
/2b Cat domain and the 3" secretion-spe- 
cific polyadenylation signal sequence, has 
also been achieved [32]. 

Interspecies chimeric antibodies gener- 
ally combine the V domain from a mouse 
myeloma or hybridoma with a human C do- 
main to produce 'nearly human' antibody 
molecules of predetermined binding speci- 
ficity [25-28]. Using chimeric Ig gene con- 
structs, chimeric IgGl heavy chains [27], 
chimeric antibodies for the isotypes IgG1 
(71, ~:), and IgG2, (72, ~:) [25], IgM (g, •) 
[26], and IgE (e, M) [28] were produced. 
Physiological effector functions (e.g., com- 
plement activation for IgM, and triggering 
histamine release from human basophils for 
IgE) have been demonstrated for some of the 
chimeric molecules [26, 28]. A novel chi- 
meric IgE was recently constructed in which 
the mouse complementarity-determining re- 
gions (functional domains within the V re- 
gion) were used to replace the human com- 
plementarity-determining regions in a hu- 
man Vrt gene [31]. This hybrid heavy chain, 
in combination with the corresponding 
mouse light chain, acquired the hapten affin- 
ity of the mouse antibody. This approach 
will be useful in defining functional domains 
of antibody molecules in a highly refined 
way. Indeed, site-directed mutagenesis to 
change a single invariant amino acid residue 
in a mouse V• chain has been used to alter 
the hapten binding site while retaining idio- 
type [33]. 

A chimeric Ig gene combining a human 
Va with a mouse Cr has been constructed 
and expressed in mouse myeloma cells [29]. 
This latter chimera is primarily of interest in 
demonstrating that the human IgH promoter 
can function in mouse cells, opening up the 

possibility of efficient expression of human 
antibody genes in mouse cells. 

Novel recombinant Ig genes have been 
constructed in which VH-CHI genes (coding 
for an Fab) have been fused to a prokaryotic 
nuclease gene or the mouse c-myc gene [32]. 
In the first case, functional properties of both 
domains were retained on the secreted anti- 
body-like molecule: the Fab portion bound to 
hapten and the nuclease domain digested 
DNA. In the second case, the l ab  bound to 
hapten and the c-myc portion displayed anti- 
genic determinants. One requirement of the 
gene replacing Fc exons in these novel chi- 
meras is that the gene product be active as a 
monomer, contain no thiol residues that 
would interfere with assembly, and be able to 
fold properly as a protein domain. 

Potential Uses and Prospects for 
Recombinant Antibodies 

Monoclonal antibodies have been used in 
diagnostics and therapeutics almost since 
their production was first described [1, 51- 
53]. Although human monoclonals are pre- 
ferred for therapeutic use, they are techni- 
cally difficult to produce, to say nothing of 
the ethical considerations involved in ac- 
quiring human cells specific Ibr a given anti- 
gen. Mouse monoclonal antibodies are often 
ineffective in immunotherapy because the 
patient develops antibodies against them af- 
ter repeated injections [51, 53]. However, by 
combining mouse V region genes with hu- 
man C region genes and producing chimeric 
'nearly human' monoclonal antibodies these 
difficulties may be overcome. Because the C 
region is of human origin it is expected to be 
nonimmunogenic; the mouse V region 
should be no more immunogenic than its 
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human counterpart. However, the latter as- 
sumption may not prove to be true [53]. 

Cancer lmmunotherapy. Monoctonal an- 
tibodies that recognize unique cell surface 
markers could be used to selectively destroy 
cells in vivo. An obvious candidate for this 
approach is cancer treatment [51, 52]. How- 
ever, cancer immunotherapy may be limited 
to myelomas and leukemias due to the clonal 
nature of the diseases. Furthermore, anti- 
body therapy may be effective only when the 
target cells are accessible; deep tissue tumors 
may not respond to treatment. 

Organ Transplant [mmunotherapy. Chi- 
meric antibodies could be used to specifi- 
cally neutralize alloreactive T cells and thus 
suppress transplanted organ rejections. This 
would be an improvement on conventional 
steroid treatment which causes overall im- 
munosuppression. Chimeric antibody im- 
munosuppression could presumably be used 
longer and safer since the patient would be 
able to respond immunologically to patho- 
gens even while receiving treatment. 

Treatment of  Autoimmune Disorders with 
Recombinant Antibodies. For an autoim- 
mune response that is limited to one or a few 
idiotypes (Id), anti-Id antibody (or Fab) 
could be used to bind to the autoimmune 
antibodies and thus depress the destructive 
immune response. Similarly, internal image 
anti-Id antibody (or Fab) which mimics the 
antigen could be used to compete with the 
self-destructive antibody. Whether such 
treatment will trigger a polyclonal expansion 
of other idiotype-producing cells is un- 
known. Finally, if specific regulatory idio- 
types that suppress autoimmune responses 
could be identified, their genes could be 
cloned or synthesized and expressed to pro- 
duce regulatory antibodies for immunother- 
apy of autoimmune disorders. 

Vaccine Development. An anti-idiotype 
antibody that is an internal image of the 
pathogen's antigen could elicit an immune 
response to the pathogen without the dan- 
gers inherent in the use of pathogen-derived 
vaccines. 

Novel Recombinant Antibody-Like Mole- 
cules. In diagnostics, linkage of a specific 
Fab to a domain with a readily assayed func- 
tion could result in new ELISA reagents. For 
immunotherapeutics, the Fab recognizing 
specific cells could be linked to toxins to 
deliver chemotherapeutic agents exclusively 
to the target cells (the 'magic bullet' ap- 
proach). 

Treatment of  Allergies with Recombinant 
Antibodies or Fab-Like Molecules. Fcs frag- 
ments can compete with allergen-specific IgE 
for receptors on human basophils in vivo 
and in vitro and block allergen-mediated his- 
tamine release [44-46]. Creation of genes, 
with secretion-specific signals in the con- 
structs, coding for truncated Fcs-like anti- 
bodies, should make the secretion of such 
therapeutic dimers possible. Such molecules 
could be used in treatment without regard 
for an individual's specific allergen. For al- 
lergen-specific treatments, Fab-like mole- 
cules could be produced that would compete 
with the patients' IgE for allergen. 

Hybrid Recombinant Antibody Molecules 
for Protein Purification. Linking Fab-coding 
genes with genes for other non-antibody 
products could be used to produce hybrid 
proteins which could be separated later into 
their two protein components by proteolytic 
cleavage. This approach could be especially 
useful for producing proteins that are nor- 
mally available in small quantities (e.g., lym- 
phokines). By linking the structural gene to 
the Ig regulatory sequences, protein expres- 
sion would be under Ig control. Since up to 
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1% o f m y e l o m a  p ro t e in  m a y  be Ig, this  cou ld  

p roduce  s igni f icant  q u a n t i t i e s  o f  a h y b r i d  

prote in .  F u r t h e r m o r e ,  by l ink ing  the p ro t e in  4 
to F a b  the  h y b r i d  p ro t e in  cou ld  be sec re ted  

f rom the m y e l o m a  and  pur i f i ed  by a f f in i ty  

c h r o m a t o g r a p h y  using an ant igen  co lumn.  In 

add i t ion ,  l inkage  o f  l a b  genes to genes cod-  

ing for  u n k n o w n  p r o t e i n s  can be used to  p ro -  5 

duce an t i se ra  agains t  the gone p roduc t s  [32] 

which  m a y  he lp  to iden t i fy  the  na tu ra l ly  

occur r ing  pro te ins ,  a n d  def ine  the i r  funct ion  

and ce l lu la r  loca t ion .  6 

F ina l ly ,  r e c o m b i n a n t  lg gene express ion  

will c o n t i n u e  to c o n t r i b u t e  to  ou r  unde r -  7 

s t and ing  o f  Ig gene regula t ion ,  as well as elu- 

c ida t ing  the  r e l a t ionsh ip  be tween Ig s truc-  

ture and  funct ion.  Use  o f  this  deve lop ing  8 

technology  should  genera te  exci t ing resul ts  

and  novel  p roduc t s  in the next decade .  Imag-  

ina t ion  m a y  become  the l imi t ing  fac tor  in 

the use o f  these  t echn iques  to p roduce  a new 9 

a n t i b o d y  a n d  ch imer i c  molecules .  
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