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Studies on the sites of protein formation have demonstrated synthesis of 
serum albumin, fibrinogen, and a- and fl-globulins in the rat liver (1), of ovalbu- 
min by chicken liver slices in vitro (2), and of gamma globulin and antibody by 
various rabbit organs containing reticuloendothelial tissue, such as spleen, 
lymph nodes, lung, and bone marrow (3, 4). Perhaps, it can be assumed that 
serum protein production proceeds at similar sites in the human, but there is 
little direct evidence bearing on this problem. Most of the evidence that does 
exist concerns serum proteins serologically related to gamma globulin, fl2J,- 
globulin, and fl2M-globulin (5-7). Fluorescein-labeled antibodies have proved 
useful in showing the presence of such proteins in normal and abnormal plasma 
cells (8-11). Transplantation of a lymph node from a normal donor to a patient 
with hypogammaglobulinemia was shown to be followed by a rise in gamma 
globulin in the patient's serum (12). Production of myeloma and Bence-Jones 
proteins has also been demonstrated in cultures of bone marrow tissue from pa- 
tients with multiple myeloma (13). Levene el al. (14) found that C14-1ysine was 
incorporated into 19 S gamma globulin by lymph nodes, in vitro, from patients 
with rheumatoid arthritis. This was not demonstrable in cultures of nodes from 
normal subjects. 

In the accompanying paper a method has been described (15) in which im- 
munoelectrophoresis and autoradiography are utilized to detect radioactively 
labeled serum proteins synthesized by tisues in vitro in the presence of C it- 
amino acids. Much more is known about the distribution and characterization, 
upon immunoelectrophoresis, of human than of animal serum proteins. It 
seemed appropriate, therefore, to apply this technique to the study of serum 
protein production by human tissues, in vitro. In addition, since many of the 
serum proteins of certain species of monkey are immunochemically closely re- 
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l a t ed  to  h u m a n  s e r u m  p ro te ins ,  a n d  give s imi la r  l ines u p o n  i m m u n o e l e c t r o -  

phores i s  (16), t i ssues  f rom a n  a p p r o p r i a t e  m o n k e y  were also used .  

Materials and Methods 

Tissues.--Thirteen lymph nodes were obtained from patients with various diseases, in the 
course of elective operative procedures performed at Bellevue Hospital, New York. Nodes 
from the cervical, mesenteric, and inguinal regions were included. Insufficient amounts of 
tissue were obtained for histologic study in most cases, but the nodes were grossly normal in 
appearance. 

Two specimens of grossly normal ileum were obtained from patients with carcinoma of the 
colon. The tissues were taken from resected portions of intestine, at points distant from the 
tumor sites. The only other specimen of intestinal tissue used for tissue culture was a portion 
of normal appendix. 

Three normal human bone marrows were obtained by aspiration from the sternum. An 
additional specimen of bone marrow from a rib resected during thoracotomy was also used. 

A squirrel monkey (Saimiri sciurea) was killed by exsanguination, and tissue cultures were 
made of spleen, bone marrow, liver, lung, ileum, colon, thymus, adrenal, lymph node, and 
kidney. 

Medium.--The culture medium consisted of Hanks' balanced salt solution, 0.5 per cent 
ovalbumin, mixtures of vitamins (17), antibiotics, and of amino acids (18) either without ly- 
sine or without isoleucine. Uniformly labeled C14-L-isoleucine (675 #c/rag, Insti tut  Pasteur, 
Paris) 2 #c/ml, was added to the medium without isoleucine, and uniformly labeled C14-L - 
lysine (605 /~c/mg, Institut Pasteur) 2 #c/ml, to the medium without lysine. 

Cultures.--The tissues were minced and cultured in roller tubes at 37°C for 24 hours. Ap- 
proximately 50 mg of tissue (wet weight) was incubated with 2 ml of medium. Only medium 
containing C14-isoleucine was used in the studies with human tissue. Duplicate cultures of the 
monkey tissues were made, one with the medium containing C14-isoleucine, the second with 
the medium containing CI4-1ysine. 

Mter the 24 hour culture period the culture tubes, containing both medium and tissue were 
frozen and thawed once. The tissue was then removed by centrifugation at 10000 g. The super- 
natant tluid was dialyzed against 0.15 ~t NaC1 for 24 hours, and subsequently concentrated 
10 to 20 times by vacuum dialysis. The concentrated fluids (0.1 to 0.2 ml) were stored at 
- 1 0 ° C .  

Antisera.--Horse anti-whole human serum, lot 128, was obtained from the Institut Pas- 
teur, Paris. 

Rabbit anti-whole huma, serum: Each of two rabbits was injected, subcutaneously and in 
the foot-pads, with a mixture of 5 ml human serum and 5 ml complete Freund's adjuvant. 
4 weeks later they received, at 3 day intervals, 3 intravenous injections of 1 ml human serum. 
The animals were bled on the 7th and 8th days after the last injection. 

Rabbit antihuman complement serum was obtained through the kindness of Dr. P. G. H. 
Gell, Department of Experimental Pathology, University of Birmingham, Birmingham, 
England. Its major fine of precipitation upon immunoelectrophoresis with normal human 
serum corresponded to the ~le-protein described by Miiller-Eberhard (19). 1 

Immunodectrophoresis.--Immunoelectrophoresis and subsequent autoradiography were 
carried out as previously described (15). The antigen reservoir was filled with "carrier" serum, 
selected to give fines of precipitation with the various antisera. Mter  the carrier serum had 
been absorbed into the agar, culture fluid was added to the same reservoir. When the immuno- 

1 The authors are grateful to Dr. H. J. Miiller-Eberhard for the gift of some rabbit anti- 
serum specific for/~e-globulin, which allowed final identification of this fine. 
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e!ectrophoretic patterns were developed labeled proteins were precipitated by the various 
antisera together with the homologous proteins in the carrier serum. Normal human serum, 
and serum from a patient with macroglobulinemia were used as carriers in the studies with 
human tissues. These sera, and isologous monkey serum were used as carriers in the studies 
with monkey tissues. Slides in which normal human serum or isologous monkey serum were 
used were developed with horse anti-whole human serum, with rabbit anti-whole human 
serum, or with rabbit antiserum against fllc-globulin. Slides in which macroglobulinemic 
serum was used were developed with the horse antihuman serum. 

Identification of Lines.--Albumin, gamma globulin, .~2n-globulin, and /32M-globulin were 
identified by their characteristic bands of precipitation (20). The a,A-globulin (21), owing to 
its strong antigenicity and relatively constant level in serum, also gave a precipitation arc of 
characteristic shape and position with most antisera (20). 

Transferrin: 1 ml of human serum was incubated for 1 hour at 37°C with 0.5 ml of Fe 59 
citrate 2 containing 1 /zc/ml, 9.93 mc/mg Fe ag. Immunoelectrophoresis and autoradiography 
performed in the usual manner showed a single radioactive arc, of characteristic position in 
the .SFregion. This result was obtained with both antihuman sera. 

FIO. 1. The immunoelectrophoretic pattern of macroglobulinemic serum, developed with 
horse anti-whole human serum. 

Haptoglobin: A few slides were stained for peroxidase activity (22). Immunoelectrophoretic 
patterns developed with rabbit anti-whole human serum showed a single blue arc in the a2- 
region. Slides developed with horse anti-whole human serum showed, in addition to this arc, 
a 2nd arc in the/3,-region with less peroxidase activity. 

Ceruloplasmin: Staining for ceruloplasmin oxidase activity (22) revealed a single brown arc 
in the a2-region. 

RESULTS 

Immunoelectrophoresis.--The commerc ia l ly  ob ta ined  a n t i - h u m a n  se rum gave  

15 arcs of p rec ip i t a t ion  wi th  normal  h u m a n  serum (Fig. 1). Albumin ,  seromu-  

coid, 3 aa-proteins,  1 of which appears  to be the  a lA-glycoprote in  of Schul tze  

(21), 4 a2-proteins,  inc luding a~-macroglobul in ,  a2-1ipoprotein, haptoglobin ,  and 

ceruloplasmin,  3 /31-proteins inc lud ing /3m-  and/31e-globulins,  and t ransferr in ,  

2 prote ins  in the  fl~-region in the  charac ter i s t ic  posi t ion of ~2A- and/32M-glob- 

ulins, and g a m m a  globul in  were identified. T h e  ~2M-arc was qu i te  faint .  W h e n  

macrog lobu l inemic  serum was used as carrier,  a s t rong  p rec ip i t a t ion  line was 
observed  for the  ~2M-globulin. 

2 The Fe 59 citrate was supplied by E. R. Squibb and Son, Long Island City, New York. 
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The rabbit  antiserum showed albumin, seromucoid, 2 lines in the c~t-region 
including a~A-glycoprotein, at least 3 lines in the a2-region, only 1 of which 
could be identified (haptoglobin), 4 lines in the St-region, 1 of which torte- 
responded to transferrin and another to ~c ,  leaving 2 unidentified, 2 lines in 
the ~2-region, 1 corresponding to fi~A-globulin, and gamma globulin; a total of 
14 lines (Fig. 2). 

Both of these antisera developed albumin, C~tA-glycoprotein, haptoglobin, 
transferrin, and gamma globulin lines with monkey serum, and the horse anti- 
serum also showed a clear fi2M-line. Several other lines were visible with monkey 
serum, but could not be clearly distinguished because of antigen excess. 

Fro. 2. The immunoelectrophoretic pattern of normal human serum, developed with rabbit 
anti-whole human serum. 

FIG. 3. The immunoelectrophoretic pattern of normal human serum, developed with anti- 
complement serum. 

Rabbi t  ant i -human complement serum gave a line of precipitation corre- 
sponding to the file-globulin described by Mtiller-Eberhard (19), with each 
carrier serum. A strong contaminant  line, corresponding to the ~2M-globulin was 
also observed. In  addition, there was a weak line in the c~,2-region (Fig. 3). 

Distribution of Radioactivity in Immunoelectrophorelic Patterns of Various 
Culture Fluids. The results with human tissues are summarized in Table I. A 
total of 6 lines, corresponding to gamma globulin,/32~-, ~2M-, and ~ic-globulins, 
haptoglobin, and an unidentified a2-protein, showed radioactivity on analysis of 
the various culture fluids. Sensitivity for each precipitation arc depended on the 
relative amounts of both ant ibody and antigen. For example, the most sensi- 
tive combination of antigen and antiserum for detecting labeled gamma globu- 
lin proved to be human serum carrier and the rabbit  ant ihuman serum (Fig. 4). 
With this combination, radioactivity was observed in the gamma globulin line 



R. ASOFSKY ANTI) G. .]'. THORBECKE 475 

in analysis of a few tissue culture fluids in which no radioactive gamma globulin 
was detected with other combinations. Similarly, macroglobulinemic serum 
carrier with horse antihuman serum as the antiserum was most sensitive in 
showing radioactivity in the line corresponding to f~-globulin (Fig. 5). Even 
with this combination, the labeling of the latter protein was always quite weak. 
The most sensitive method for the detection of radioactive flxc-globulin proved 
to be the autoradiography of immunoelectrophoretic patterns of human serum 
developed with anticomplement serum (Fig. 6). In the culture fluid of one 
lymph node, which showed stronger radioactivity in the f~m-line than any other 
culture fluid, the labeling of this protein could be readily detected in the pat- 
terns developed with anti-whole human serum. 

Labeled ~A- and/~M-gtobulins were found only in tissue culture fluids which 
also contained labeled gamma globulin. One fluid contained radioactive ~A-, 

TABLE I 
I.abding* of Serum Proteins by Various Human Tissues In Vitro 

Tissue 

Lymph node.. 
Bone marrow.. 
Ileum.. 
~.ppendix. 

GalnlllR 
globulin 

10/13 
4/4 
2/2 
1/1 

1/13 
4/4 
2/2 
0/1 

6/13 
4/4 
1/2 
0/1 

~c~b- 

4/13 
1/4 
1/2 
0/1 

Hapto- 
globin 

0/13 
4/4 
0/2 
0/1 

Unl- 
dentilied 
~-protein 

2/13 
2/4 
~2  

* Expressed as the fraction of tissue culture studies showing formation of the specific 
protein. 

but not/32M-globulin; in a few others the reverse was true. Labeled ~lo-globulin 
was found in five culture fluids, one of which showed no other labeled ~- or 
gamma globulins. Table II  summarizes the results of analyses of six representa- 
tive culture fluids, and illustrates the apparent independence of labeling of the 
various proteins. 

Lymph Node.---Of the thirteen culture fluids, three contained radioactive 
gamma globulin, ~2M-globulin, and fire-globulin; three, labeled gamma globulin 
and ~2~-; one, labeled gamma globulin, /3~A-globulin, and/3~,~-globulin; four, 
only labeled gamma globulin; and one, labeled/31c-globulin. Two of these culture 
fluids contained an as yet unidentified labeled a~-protein. This protein was 
absent from the immunoelectrophoretic patterns developed with the horse 
antihuman serum. 

Bone Marrow.--Analysis of the four culture fluids showed labeled gamma 
globulin,/3~x-globulin,/3,M-globulin, and haptoglobin in each. In addition, one 
contained labeled/3it-globulin. An unidentified vt2-protein, in the same position 
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as the  one found  in the  l y m p h  node cul tures ,  was found  in two  of t he  cu l ture  

fluids, inc luding  the  one conta in ing  radioact ive /~lo-globul in .  

TABLE II  

Examples of the Patterns of Distribution of Radioactiri~y in Various Serum Proteins Observed 
in Individual Culture Fluids of Various Human Tissues 

Tissue 

P2 lymph node . . . . . . . . . . . . . . . .  
P3 ileum . . . . . . . . . . . . . . . . . . . . .  
P4 lymph node . . . . . . . . . . . . . . . .  
P13 lymph node . . . . . . . . . . . . . . .  
P21 bone marrow . . . . . . . . . . . . . .  
P25 bone marrow . . . . . . . . . . . . . .  

Ga111rfla 
globulin 

+++ 
+++ 

++ 
+++ 
+++ 

globulin 

++ 

+++ 
++ 

globulin 

+ 

++ 
++ 

globulin 

+ 

++ 

Hapto- 
globin 

+++ 
+++ 

Uniden- 
tiffed a~ 
protein 

+ 

+ 

Autoradiographic image: the intensity of the autoradiographic image is graded from 
+ + +  (very dark) to -t- (just visible). 

TABLE LII 

Labeling of Serum Proteins by Various Monkey Tissues 

Tissue 

Spleen . . . . . . . . . . . . . . . .  
Bone marrow . . . . . . . . . .  
Lymph node . . . . . . . . . . .  
Lung . . . . . . . . . . . . . . . . .  
Ileum . . . . . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . . . . . .  
Colon . . . . . . . . . . . . . . . . .  
Thymus . . . . . . . . . . . . . .  
Kidney . . . . . . . . . . . . . . .  
Adrenal . . . . . . . . . . . . . . .  
Heart . . . . . . . . . . . . . . . . .  

Albu in 

+ .  

alA-gly- 
coprotein 

+ +  

Hapto- 
globin 

+ +  

+ +  

globulin 

+ +  
+ +  

;+ 

Tl~US- 
ferrin 

+ 

+ +  
+ +  
+ +  

+ +  

Gamma 
globulin 

+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ 
+ 
+ 
+ 

Autoradiographic image: the intensity of the autoradiographic image is graded from + + + 
(very dark) to + (just visible). 

I leum.--Labeled g a m m a  globul in  and/~2A-globulin were found in bo th  cul ture  

fluids. R a d i o a c t i v e  ~2M- and /~ lc -g lobu l ins  were  found  in one of the  two. No  

o the r  labeled pro te ins  were  detec ted .  

Appendix . - -The  g a m m a  globul in  l ine was weak ly  labeled in h u m a n  se rum 

pa t t e rns  deve loped  wi th  t he  r abb i t  a n t i h u m a n  serum.  N o  o the r  labeled  l ines 

were  found.  
T h e  resul ts  w i th  monkey tissues are  summar i zed  in Tab l e  I I I .  T h r e e  sets of 
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slides were made with each culture fluid. I n  one set, isologous monkey serum was 
used as carrier; in another, normal human serum; and in a third, macroglobu- 
linemic serum. Because some precipitation bands, such as those of albumin and 
transferrin, were in antigen excess with the antisera used, human serum diluted 
1:4 was used as carrier in additional analyses of most of the culture fluids. 
Human serum carrier was more effective than monkey serum in revealing labeled 
proteins precipitating in the immunoelectrophoretic patterns. As was the case 
with the analyses of the human material, macroglobulinemic serum carrier 
proved best for showing radioactive macroglobulin. 

Fro. 4. Photograph of an autoradiograph of the immunoelectrophoretic pattern of bone 
marrow tissue culture fluid with normal human serum carrier, developed with rabbit anti- 
human serum. The trailing of radioactive material was seen only with bone marrow cultures. 

. . . . . . .  

7 globulin ~2t4 haptoglobln 
Fro. 5. Tracing prepared from an autoradiograph of the immunoelectrophoretic pat tern of 

bone marrow tissue culture fluid, with macroglobulinemic serum carrier, developed with horse 
antihuman serum. 

A total of 7 lines, representing albumin, cnA-glycoprotein, haptoglobin, trans- 
ferrin, ~lc-globulin, ~2M-globulin, and gamma globulin, contained radioactivity 
upon analysis of the various culture fluids. No significant difference was de- 
tected between tissues cultured in the presence of C14-1ysine and those cultured 
in the presence of C14-isoleucine. 

Spleen.--The gamma globulin line was the only line labeled when monkey 
serum was used as carrier. Three lines were labeled in patterns of human serum. 
In  slides developed with the rabbit ant ihuman serum, the gamma globulin line 
was strongly labeled. In  patterns developed with anticomplement serum, the 
~lc-line and the line corresponding to the /~2M-globulin showed radioactivity. 
Moreover, the ~2M- and gamma globulin lines were labeled when the pat tern 
of macroglobulinemic serum was developed with the horse ant ihuman serum. 

Bone Marrow.--The lines corresponding to gamma globulin and to haptoglobin 
were the only ones labeled in monkey serum patterns. These lines were also 
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strongly labeled in pa t te rns  made with human serum carrier. As in the spleen, 
/31c-globulin and fl2M-globulin were labeled in the slides using human serum 
carrier and the ant icomptement  serum, and the fl2M- and gamma globulin lines 
were labeled in the slides made with marcoglobulinemic serum carrier and the 
horse ant ihuman serum. 

Liver.--The liver showed much less metabolism than the other tissues. 
Labeled lines were seen only in pa t te rns  developed with ant ihuman sera. The 

c _ - _ ~ _  -- _ . . . . . .  , - - - _ - - ~ - -  _ _ _ -- . . . . . . . . . . . . .  ,, "~- 

~2M ~IC 

Fla. 6. Tracing prepared from an autoradiograph of the immunoelectrophoretic patterns of 
normal human serum carrier with lymph node tissue culture fluid (above) and with bone mar 
row tissue culture fluid (below), developed with an anticomplement serum. 

I 
t r a n s  £ e r r  l h  h a p  t o g  i o ~  i n  a l J ~  a I b u ~ I n  

Fro. 7. Tracing prepared from an autoradiograph of the immunoelectrophoretic pattern of 
monkey liver tissue culture fluid with normal human serum as carrier, developed with rabbit 
antihuman serum. 

slides developed with the horse ant ihuman serum showed more radioact ive lines 
than those developed with the rabbi t  an t ihuman serum, although the more 
prominent  lines showed radioac t iv i ty  with both antisera.  There were four 
culture fluids: two with C14-isoleucine, and two with C14-1ysine. The resulls wilh 
each were slightly different. The only culture fluid of the four showing radio- 
ac t iv i ty  in precipi tat ion lines when monkey serum was used as lhe carrier 
antigen was one of the C14-isoleucine cultures. I t  showed radioact ive o~L,-glyco- 
protein, haptoglobin, and transferrin. When human serum was used as the carrier 
antigen, three of the four culture fluids showed radioact iv i ty  in the o~A-glyco- 
protein, haptoglobin,  and transferrin. One of these cultures also showed radio- 
ac t iv i ty  in albumin (Fig. 7). Moreover,  weak labeling was found in the gamma 
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globulin line with two of the four culture fluids (Fig. 8). One of the C14-1ysine 
cultures did not show radioactivity in any of the lines. 

Other Organs.--Lung, ileum, lymph node, colon, thymus, and kidney showed 
labeling of the gamma globulin line with all carrier sera. Of these, only ileum, 
lymph node, and colon showed incorporation of C14-amino acid into/~2-macro- 
globulin, detectable with the combination of macroglobulinemic serum and 
horse antihuman serum. In addition, radioactivity was found in the/~lc-line 
with culture fluids from lung and lymph node, if a combination of normal human 
serum and anticomplement serum was used to develop the immunoelectro- 
phoretic patterns, and not with other culture fluids. Upon analysis of lymph 
node and ileum culture fluids, using human serum carrier and rabbit antihuman 
serum, the transferrin line was found to be weakly labeled. Heart and adrenal 

! I ! 
! I I I 

7 globdl/n tran~ferrln O~]~A alb/m1£n 
FIO. 8. Tracing prepared from an autoradiograph of the immunoelectrophoretic pattern of 

monkey liver tissue culture fluid with norms] human serum, diluted 1:4, as carrier, developed 
with horse antihuman serum. Enhanced intensity of the autoradiographlc image was obtained 
by keeping the distance of e]ectrophoretic migration short. 

. t  

culture fluids did not show radioactivity in any of the immunoelectrophoret!c 
patterns. 

DISCUSSION 

The results show clearly that gamma globulin,/~-macroglobulin, and/~2A- 
globulin were all formed in lymph nodes, bone marrow, and in tissue from the 
intestinal tract in humans, and that gamma globulin and/~,-macroglobulin were 
formed in these tissues and in spleen of the monkey. Lymphoid tissue seems to 
be the only tissue common to all of these organs. The serum of the squirrel 
monkey apparently has no /~2A-globulin which cross-reacts sufficiently with 
human/~2A-globulin to be demonstrable with an antihuman serum. Studies with 
an antiserum prepared against monkey serum should elucidate this. 

The method used here to demonstrate the synthesis of these proteins does not 
readily lend itself to a quantitative estimation of the amounts synthesized. How- 
ever, for comparable exposure times, the darkness of the autoradiographic image 
reflects the intensity of radioactivity in the precipitation lines. There was ap- 
parently more radioactivity in the/~2-macroglobulin of the bone marrow than 
of most of the lymph node cultures using this criterion. However, the bone 
marrow also formed more gamma globulin and/3~A-globulin. The weak labeling 
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of the/3~-macroglobulin in tissue cultures of normal human lymph nodes indi- 
cates that the autoradiographic technique used is quite sensitive. Levene et al. 
(14), using isolation of synthesized proteins with a specific antiserum, could 
demonstrate incorporation of labeled amino acid into /3~M-globulin in vitro 
by lymph node tissue only from patients with rheumatoid arthritis. 

The finding that gamma globulin, fl~-macroglobulin, and fl2A-globulin were 
formed by lymphoid tissue in vitro agrees well with the literature concerning 
the sites (9, 14) of formation of these proteins in disease states such as rheuma- 
toid arthritis (6, 14), macroglobulinemia (11), and multiple myeloma (10). The 
only protein about which no studies concerning formation in vitro have been re- 
ported is the/32A-globulin, but the fact that certain plasmacytomas occur simul- 
taneously with/~A-hyperglobulinemia strongly suggests a similar cellular source 
for gamma globulin and fl2A-globulin (23). 

These 3 proteins share antigenic determinants associated with the fragment of 
gamma globulin carrying the antibody-combining site (24). The fact that each 
of these proteins contains serum antibodies (25) suggested to some authors (26) 
the use of the expression "immune globulins" to refer to the 3. The fact that 
all are formed in similar tissues supports this concept, but it should be kept in 
mind that the results reported here in no way prove that these "immune globu- 
lins" are formed by the same cell or cell type. 

The slight labeling of gamma globulin in monkey lung, liver, thymus, and 
kidney cultures may have been due to the presence of some lymphoid tissue in 
these organs. It was previously shown (27) that only under conditions where 
lymphoid tissue with plasma cells are found in the periportal spaces of the 
rabbit liver, could antibody and gamma globulin formation in vitro be demon- 
strated in that organ, and that gamma globulin formation and lymphoid tissue 
could regularly be demonstrated in the rabbit lung (28). As histologic examina- 
tion of the various tissues was not intended in the present study, there is no 
further evidence for this possibility, as yet. Preliminary studies (29) indicate 
that cells from the thoracic duct lymph can form all three immune globulins in 
vitro. The capacity for gamma globulin synthesis in such highly vascular organs 
as kidney and liver might, therefore, reside in the peripheral mononuclear blood 
elements. 

A small percentage (30 per cent) of the human lymph nodes, one of the four 
bone marrows, and one of the ileums studied, as well as monkey spleen, bone 
marrow, lymph node, and lung, incorporated labeled amino acid into the Blc- 
globulin. This protein was shown by Miiller-Eberhard et al. (19) to represent one 
of the components of human C'3. The labeling of the fllc-line was always rather 
weak. Therefore, its rate of formation in vitro appeared to be lower than that of 
gamma globulin. The labeling of the/~m-protein apparently did not depend on 
the presence of any labeled other protein in the culture fluids. 

The fact that similar tissues seemed to synthesize both the immune globulins 
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and a component of the complement system may be of interest in the light of 
recent immunological theories (30). Again, it must be stressed that no evidence 
has been obtained ill the present studies concerning the cell type in lymphoid 
tissue capable of synthesizing these proteins. 

I t  is known that besides the lymphoid tissue, the liver is the major site of 
plasma protein formation in the animal. The present studies confirm the fact 
that the liver is the site of synthesis for albumin (1, 2), a-globulins (1), and 
transferrin (31). Moreover, the experiments demonstrate the identity of two 
of the synthesized globulins: haptoglobin and alA-glycoprotein of Schultze (21). 

The results of these experiments agree well with those previously reported 
for mouse tissues (15). Proteins analogous to the immune globulins and also a 
protein probably analogous to the fl,c-globulin were formed in the mouse spleen. 
Albumin, a few a-globulins, and transferrin were formed in the mouse liver. 
Haptoglobin became labeled in cultures of hemopoietic organs, such as mouse 
spleen, and monkey and human bone marrow. As suggested previously (15), 
the most likely explanation for the latter finding is that C14-1abeled hemoglobin, 
synthesized by these tissues, combines with haptoglobin in the culture fluids or 
carrier sera. The results, therefore, do not necessarily reflect haptoglobin forma- 
tion in these organs. On the contrary, the results obtained with both mouse and 
monkey liver indicate that this organ is the site of haptoglobin formation. 

Besides the liver from both species, lymph node and ileum in the monkey, 
and spleen in the mouse showed labeled transferrin in the culture fluids. I t  is 
possible that reticuloendothelial elements present both in liver and in lymphoid 
tissue are responsible for its formation. I t  seems more likely that the labeling 
of transferrin is due to an as yet unknown carrier function of this protein. Per- 
haps this phenomenon is related to the known antibacterial properties of 
transferrin (32). 

As was previously observed with mouse tissues, no differences were seen 
between tissue cultures prepared with C14-isoleucine and with C14-1ysine. 

Further experiments are planned, in which this approach will be used to 
study the sites of formation of other serum and plasma proteins, and in which 
an attempt will be made to elucidate further the cellular source of the immune 
globulins. 

S ~ R Y  

Human and monkey tissues were cultured in the presence of labeled amino 
acid. The culture fluids were then examined for labeled serum proteins by 
means of autoradiography of immunoelectrophoretic patterns prepared from 
mixtures of the fluids and carrier sera. Gamma globulin, ~A-globulin, B~M- 
globulin, and ~m-globulin were found to be formed in human lymph node, bone 
marrow, and ileum. Gamma globulin, ~2~t-globulin, and/~lc-globulin were found 
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to be formed in monkey spleen, lymph node, and bone marrow. Formation of 
several other serum proteins was observed in the monkey liver. 
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