
The parent compound, cyanamide itself, 
which is probably atypical of the series, is 
listed as "irritating and caustic" (4). 

Our original investigation concerned the 
metabolism of morpholine (1) in human 
saliva. Whole saliva was collected without 
stimulation over a period of less than 30 
minutes and then incubated with 500 mg of 
added morpholine per liter for 4 hours at 
37?C (5). Under these conditions the nitrite 
naturally present in human saliva (1) react- 
ed with morpholine to yield concentrations 
on the order of a few micrograms of N-ni- 
trosomorpholine (NNM) (2) per liter of 
saliva. Analysis of the saliva was carried 
out by extraction with CH2Cl2 followed by 
gas chromatography and mass spectros- 
copy (6). In addition to the expected NNM 
(with m/e = 116), a peak with a longer re- 
tention time was detected with m/e =1 12 
for its molecular ion (M+). In many cases 
the concentration of this compound was on 
the order of several milligrams per liter. 
Since its mass spectrum also contained a 
conspicuous ion at M-30 (a frequent char- 
acteristic of N-nitrosamines), we initially 
believed that this compound might be 
N-nitrosooxazine, the 2,3,5,6-dehydro- 
genation product of NNM. T-his assump- 
tion was shown to be incorrect, how- 
ever, when the compound failed to produce 
any response from a sensitive, nitros- 
amine-specific detector (7) and, later, 
when high-resolution mass spectrometry 
(8) indicated that this molecular ion at m/ 
e= 112.0631 had a molecular formula of 
C5H8N20 rather than C 4H 4N 20 Forma- 
tion of analogous products from secondary 
amines (such as diphenylamine) with no re- 
active sites other than the amine hydrogen 
suggested that the unknown compound 
was formed by the substitution of a [CN] 
moiety at this position. 

An authentic sample of compound 2 was 
prepared by established procedures (9) and 
was found to have chromatographic reten- 
tion times (6) and mass spectrum in- 
distinguishable from that of the unknown 
morpholine metabolite. Consequently, we 
believe that this metabolite was the cy- 
anamide shown in Eq. 1. 

I-Cyanomorpholine did not form in sa- 
liva that was centrifuged to remove bac- 
teria and other cellular material. It was not 
detected in any suspensions of several pure 
strains of nitrate-reducing bacteria when 
morpholine was present during the course 
of growth or nitrate reduction (or both). 
Moreover, the addition of '5N02- or 
'5N03- caused no incorporation of '5N into 
the 1-cyanomorpholine formed in whole 
saliva. Hence, this reaction seems to repre- 
sent a novel method of secondary metabo- 
lism by salivary microorganisms and is ap- 
parently unrelated to concurrent nitrifica- 
tion. 

Although cyanamides appear to be un- 
known as biological products, the occur- 
rence of the cyano group attached to car- 
bon or sulfur--is well known. Organic cy- 
anides are common constituents of plant 
materials (10) and include f-cyanoalanine, 
f-aminopropionitrile, and several cy- 
anoglucosides. In microorganisms and ani- 
mals, these compounds are known to be 
metabolized, in turn, to thiocyanate (11), a 
common constituent of human saliva. 

Several possibilities can therefore be 
suggested to explain the biotransformation 
of amines to cyanamides in saliva. For ex- 
ample, it may be caused (i) by the enzy- 
matic transfer of a cyano group from thio- 
cyanate or an organic cyanide to a second- 
ary amine, or (ii) by a nonenzymatic reac- 
tion, such as a direct reaction of the 
secondary amine with thiocyanate. The po- 
tential biological activity of these materi- 
als and the mechanism of their synthesis 
remain to be determined. 
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Specificity of Naturally Occurring Antibody in 

Normal Gibbon Serum 

Abstract. Gibbon natural antibody examined by immunoelectron microscopy reacted 
with the entire envelope of type C virus and with areas on the cell surface equivalent to or 
smaller than the diameter of a virion in gibbon and human culture cells infected with or 
releasing type C viruses. The antibody activity was absorbed completely by two cell cul- 
tures infected with gibbon ape leukemia virus and by the virus itself, and partially by nor- 
mal gibbon spleen cells and dog thymus-derived cells infected with baboon endogenous 
type C virus, and fresh white blood cells obtained from a patient with chronic myeloge- 
nous leukemia in acute blastic crisis. 

It has become evident that natural anti- 
bodies against RNA type C virus-asso- 
ciated cell surface antigens (CSA) and vi- 
ral envelope antigens (VEA) are present in 
the serum of healthy animals. The occur- 
rence of humoral antibodies against CSA 
and VEA as well as the induction of cell- 
mediated immunity was reported in mice 
(1, 2), and natural antibodies against type 
C viruses of gibbon lymphosarcoma and 
granulocytic leukemia were found in 15 
out of 133 serums from healthy gibbon 
apes by immunofluorescence microscopy 
and neutralization tests (3). In earlier stud- 
ies of gibbon type C VEA by neutral- 
ization tests and immunoelectron micros- 

copy xenogeneic antiserum was used (4), so 
that the interpretation of specificity was 
complicated by the possibility of inter- 
fering xenogeneic antibodies other than 
specific antibodies. 

The determination of antigen or anti- 
body specificity of nonhuman primates 
presents special problems because of their 
relatedness to humans; RNA-directed 
DNA polymerase (reverse transcriptase) in 
cells from human patients with acute 
myelogenous leukemia (AML) was shown 
to be antigenically related to the reverse 
transcriptase of two oncogenic type C vi- 
ruses from nonhuman primates the 
woolly monkey simian sarcoma virus 
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(SSV) and gibbon ape leukemia virus 
(GALV) (5). By means of immunoelectron 
microscopy (IEM), we have studied the re- 
lation between the specificities of non- 
human primate and human surface anti- 
gens through an examination of the reac- 
tions of naturally occurring gibbon anti- 
body with the CSA or VEA (or both) of 
various human and animal cell lines. In- 
direct IEM makes antigen-antibody reac- 
tions visible with the aid of an electron- 
opaque marker (such as ferritin) chem- 
ically conjugated to a second antibody di- 
rected against -y-globulin from the species 
of origin. Therefore, IEM has the great ad- 
vantage of making it possible to distin- 
guish VEA frym CSA at high resolution 
on an electron microscope (6). 

Cells used as target cells or for absorp- 
tion of the test serum are described in the 
footnote of Table 1. Gibbon ape leukemia 
virus was harvested from the tissue culture 
of gibbon lymphosarcoma cells. The cul- 
ture supernatant was centrifuged for 20 
minutes at 16,300g. The virus pellet was re- 
suspended in TNE (tris-HCI + NaCI + 
EDTA) buffer solution, and the resus- 
pended pellet was centrifuged on a discon- 
tinuous sucrose gradient (I ml of 45 per- 
cent sucrose and 5 ml of 25 percent sucrose 
solutions) for 75 minutes at 272,000g. Fi-, 
nally, the purified GALV was isolated 
from the opalescent band at the 25 to 45 
percent interface. 

IEM was performed with 3 x 106 target 
cells as described, with the use of ferritin- 

conjugated goat antibody (IgG) to human 
immunoglobulins G and M (IgG and IgM) 
(6, 7); the goat antibodies to human IgG 
and IgM were used since the -y-globulin of 
primates carries antigenic determinants 
common to those of human -y-globulin (8). 
The serum containing natural antibodies, 
which was used in the direct test with dif- 
ferent target cells, was obtained from gib- 
bon apes (3); it was pooled and stored at 
-700C. Before use, the test serum was neu- 
tralized with fetal calf serum at a 3: I ratio 
by incubation at 00 to 40C (ice-bath) for 45 
minutes to remove antibody against fetal 
calf serum. The above conditions were also 
used in the absorption tests, except that the 
undiluted test serum was mixed with an 
equal volume of packed cells and in- 
cubated at 40C for 45 minutes with period- 
ic agitation; the absorption was repeated 
with fresh cells (9). In the absorption with 
virus, 0.05 ml of test serum was mixed with 
1011 GALV particles, incubated for 45 
minutes at 40C, and recovered by ultra- 
centrifugation for 150 minutes at 53,000g. 
All procedures were carried out at 00 to 
40C to avoid the synthesis of new cell sur- 
faces, budding of viruses, pinocytosis, and 
phagocytosis. The incubation at 40C also 
caused adsorption of many virions onto the 
cell surface, a phenomenon utilized for 
"synchronization" of virus infection (10). 
At least 50 cells and associated type C vi- 
ruses were screened by thin section on a 
Philips 300 electron microscope. Since gib- 
bon ape cell histocompatibility antigens 

seem to be similar to those of human cells, 
VEA and VEA-related CSA were the only 
antigens we analyzed. 

When gibbon natural antibody reacted 
with surface antigens of gibbon lympho- 
sarcoma cells (Table 1), all virions 
(GALV) were labeled quite densely on the 
entire envelope, and approximately 65 per- 
cent of the cells showed a positive reaction 
in small areas on the cell surface equiva- 
lent to or smaller than the diameter of a vi- 
rion (Fig. IA). The reactivity of gibbon se- 
rum was completely absorbed with puri- 
fied GALV, gibbon lymphosarcoma cells, 
or G-204 cells (which are GALV-infected 
human rhabdosarcoma A-204 cells). The 
G-204 cells released at least two different 
type C virus populations. In one popu- 
lation, 50 percent of the virions were differ- 
ent in terms of VEA from the GALV in the 
gibbon lymphosarcoma cells (Fig. I B). The 
G-204 cells also expressed CSA common 
to VEA because the small amount of posi- 
tive CSA (5 percent) was absorbed with 
purified GALV. In addition, fresh periph- 
eral white blood cells from a patient with 
CML (HR-158A) and normal gibbon 
spleen monolayer GSpl significantly re- 
moved the activity from the gibbon serum. 
Since these cells did not release type C 
virus, the findings suggest that the cells 
carried CSA common to VEA. 

There are two explanations for the re- 
lease by the G-204 cells of two virus popu- 
lations carrying different VEA. (i) VEA it- 
self changed during budding from the hu- 

A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~A 

'a! M 

Fig. 1. (A) Type C virus (GALV) released from gibbon lymphosarcoma cells reacted with pooled natural antibody-positive serum from healthy gibbon 
apes. The entire envelope and areas on the cell surface equivalent to or smaller than the diameter of a virion were labeled. (B) GALV-infected human 
rhabdosarcoma cells G-204 released two different virus populations; 50 percent of virions reacted positively (upper) and the other 50 percent did not react 
(lower) with the same serum used in (A). (C) The entire viral envelope but not the cell surface in B-101 cells (human rhabdosarcoma cells A-204 infected 
with HL-23 virus from cells of a patient with acute myelogenous leukemia) reacted with the gibbon serum. 
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man cell plasma membrane, as has been re- 
ported in other classes of type C virus (11), 
or (ii) the genome of a putative endogenous 
or exogenous type C virus in human cells 
was activated by GALV infection. The 
same possibilities may apply to our other 
findings: (i) Although the reverse transcrip- 
tase of GALV has been shown to be anti- 

genically similar to that of SSV (5) and 
the xenogeneic antiserum against GALV 
reacted with the envelope of SSV released 
from the woolly monkey cells (4), the NC- 
37-SSV cells did not remove the activity 
from the gibbon test serum while this se- 
rum reacted weakly with VEA of type C 
viruses from the A-204-SSV cells. (ii) The 

Table 1. Specificity analysis of naturally occurring gibbon ape antibodies against cell surface anti- 
gens (CSA) and viral envelope antigens (VEA) of various cells by immunoelectron microscopy. The 
designations of cells and virus are as follows. GLS, gibbon lymphosarcoma cells (II); GALV, type C 
virus released by GLS which induces myelogenous leukemia in gibbon apes (15); GSpl, gibbon nor- 
mal spleen monolayer; A-204, human rhabdosarcoma cells (from G. Todaro); A204-SSV, woolly 
monkey sarcoma virus (SSV)-infected A-204 (from R. Ting); G-204, GALV-infected A-204 (from 
W. Parks); WHE, whole human embryo cells (from R. Ting); NC-37, normal human lymphoid 
cell culture line (from R. Ting); NC-37-SSV, SSV-infected NC-37 (from R. Ting); MOLT, human 
acute myelogenous leukemia (AML) culture line (from G. Cannon); HOS, human osteosarcoma cul- 
ture line (from G. Rhim) (17); A-i Ewing Sa, A-i Ewing sarcoma culture line (from G. Cannon); 
2089, fresh human rhabdosarcoma tissue; 3173, fresh human neurofibrosarcoma tissue; HR-158A, 
fresh human peripheral chronic myelogenous leukemia cells in acute blastic crisis; BAB-455K, ba- 
boon type C virus-infected dog thymus-derived cells (G. Todaro); B-101, A-204 infected with HL-23 
virus isolated from human AML (from R. Gallo) (18); A7573-ASV, dog thymus-derived cells infect- 
ed with HL-23 virus (from R. Ting); CIH(V-); human embryonic diploid cells at early passage, re- 
leasing no virus (from S. Panem) (12); CIH-32(V+), human embryonic diploid cells at late passage, 
releasing type C virus (from S. Panem) (12); KSL-6, transplanted AKR spontaneous leukemia; 
BALB-M-S, Moloney murine sarcoma virus-induced BALB/c primary sarcoma; A-204-FeLV, 
A-204 infected with feline leukemia virus. 

Results 
Absorption Target (% positive reaction) Judgment 
cell or virus cell CSA VEA Direct Absorp- 

test* tiont 

Nonet GLS 65 100 (100)? +-+ 

GLS GLS 0 0 (100) Complete 
GALV GI S 0 0 (100) Complete 
None GSpl 34 No virus + 
GSpl GLS 8 10 (100) Partial 
None A-204 0 No virus 
A-204 GLS 60 85 (100) None 
None A-204-SSV 30 33 (6) + 
None G-204 5 50 (12) + 
G-204 GLS 0 0 (100) Complete 
GALV G-204 0 0 (10) Complete 
WHE GLS 62 84 (100) None 
NC-37 GLS 78 90 (100) None 
NC-37-SSV GLS 66 81 (100) None 
MOLT GLS 80 80 (100) None 
HOS GLS 62 100 (100) None 
A-I EwingSa GLS 80 90 (100) None 
2089 GLS 50 81 (100) None 
3173 GLS 90 90 (100) None 
HR- 158A GLS 20 50 (100) Partial 
None M7-520 10 0 (10) 
None BAB-455K 4 0 (7) 
BAB-455K GLS 44 65 (100) Partial 
None B-101 0 40 (5)11 + 
B-101 GLS 24 96 (100) None 
None A7573-ASV 20 91 (35) + + 
None CIH-I(V-) 0 No virus 
None CIH-32(V+) 43 66 (6) + + 
KSL-6 GLS 90 80 (100) None 
BALB-M-S GLS 50 85 (100) None 
None A-204-FeLV 0 0 (12) 

*, No reaction; i, weakly positive reaction with CSA only; +, 50 percent or fewer virions showed positive reac- 
tion; + +, more than 50 percent virions showed positive reaction. tComplete, the whole activity of test serum 
was absorbed; partial, > 20 percent direct positive reactivity was removed; none, < 20 percent reactivity was re- 
moved. ID -irect test. ?Parentheses indicate the number of virus particles scored. IlSince the B-10I cells 
released few type C virions, 350 cells were screened and only 5 accompanying virions were found. 

uninfected A-204 cells did not react with 
the gibbon serum; after infection with 
putative human AML virus (HL-23 virus), 
40 percent of the HL-23 viruses in the B- 
101 cells were labeled with ferritin on the 
entire envelope (Fig. IC), although not 
densely, whereas the cell surface was com- 
pletely negative. (iii) The gibbon serum did 
not react with the newly cultured CIH- 
I(V-) cells (human embryonic diploid 
cells), which do not release virus; but it did 
react with 66 percent of the virions in the 
late passage CIH-32 (V+) cells, which do 
release virus (12). Although we cannot 
conclude from these findings whether these 
"human" type C viruses are actually of hu- 
man origin, our results do indicate related- 
ness of putative human type C virus to vi- 
ruses isolated from nonhuman primates. It 
should be emphasized that, when type C 
virus isolated from given cells infected oth- 
er cells especially of different species, VEA 
was altered to a great extent, and CSA and 
VEA of virions released from these infect- 
ed cells often changed markedly during 
culture in vitro (13). Furthermore, BAB- 
455K cells (dog thymus-derived cells in- 
fected with baboon type C virus) showed a 
weakly positive reaction with CSA by the 
direct test while absorption with these cells 
significantly removed the activity of the 
test serum. In contrast, B-101 cells (A-204 
cells infected with HL-23 virus) released 
very small numbers of type C viruses that 
reacted with the test serm in the direct 
test (two positive out of five particles ob- 
served) and showed no reaction with CSA 
(350 cells were screened); these cells, how- 
ever, did not remove the activity from the 
test serum by the absorption test. These 
seemingly contradictory results indicate 
that the amount of CSA in the BAB-455K 
cells used for absorption was large enough 
to absorb the activity against CSA while 
the B-101 cells carried no CSA and too 
few type C viruses to absorb the serum ac- 
tivity against VEA. All other cells tested, 
including various human malignant cells, 
did not react with the gibbon serum. 

The finding that fresh white cells from 
myelogenous leukemia patients, HR- 
158A, and the GSpl cells carried CSA 
common to VEA of GALV is of interest 
since these cells did not produce type C 
virus. This suggests that the viral genome 
can still express CSA common to VEA in 
nonproducer cells. A similar phenomenon 
has been reported in both the murifI and 
the avian systems (14). This postulate is 
supported by the poor production of puta- 
tive human type C viruses (iS) and by the 
presence of intraviral components, reverse 
transcriptase and p30 (gs antigen), in at 
least some human and nonhuman primate 
cells (5, 16). Consequently, we may at least 
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conclude that the CSA of certain human 
cells is common to VEA of GALV, SSV, 
and baboon endogenous type C virus. 
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Phylogeny of DNA Polymerase-,3 

Abstract. Analyses of various organisms for DNA polymerase-f3 activity show that the 
enzyme is widely distributed in cells from multicellular animals but absent in bacteria, 
plants, and protozoa. These results suggest that DNA polymerase-0 may have evolved 
with the development of metazoan forms. Further evolutionary changes of the enzyme 
protein may account for some of the minor differences in properties of the enzyme in 
various organisms. 

DNA polymerase-f is a low molecular 
weight (< 50,000), N-ethylmaleimide-re- 
sistant species of DNA-dependent DNA 
polymerase (1). It is widely distributed in 
higher vertebrate species (2). Its presence 
appears not to be related to the prolifera- 
tive state of a cell or to any specific func- 
tion of tissues (2). To ascertain whether 
DNA polymerase-3 is some vestigial form 
of a primitive replicative enzyme or wheth- 
er it evolved with development of new 
functions, I have carried out a phylogenet- 
ic survey for this enzyme activity in orga- 
nisms covering a wide range of evolution- 
ary time. The results demonstrate the 
widespread occurrence of this type of en- 
zyme in multicellular animals. A com- 
parable enzyme was not found in uni- 
cellular eukaryotes or in plants. 

The operating conditions were estab- 
lished at the outset. Two essential proper- 
ties defined for DNA polymerase-3 are re- 
sistance to N-ethylmaleimide and low mo- 
lecular weight (< 50,000) (1). The N-ethyl- 
maleimide resistance of. the enzyme is 
tested by assaying enzyme activity remain- 
ing after treatment of the crude extracts 
(or sucrose gradient fractions) with 10 mM 
N-ethylmaleimide at 40C for 30 minutes. 
The molecular weight of the enzyme was 
estimated roughly by centrifugation of the 
extracts on linear (5 to 20 percent by 
weight) sucrose gradients in 0.5M NaCl, 
D.05M tris-HCI at pH 7.8, 1 mM EDTA, 
and 1 mM 2-mercaptoethanol. Centrifuga- 

tion was carried out for 16 hours at 40,000 
rev/min (SW 50.1 rotor; Spinco centri- 
fuge). Two other conditions, established as 
optimal for mammalian enzymes, were 
also used to distinguish DNA polym- 
erase-a and -d activities (2). The DNA po- 
lymerase-0 activity was assayed with 
0.05M Ammediol hydrochloride buffer 
(pH 8.6) and 80 mM NaCl; the DNA po- 
lymerase-a was assayed with 0.025M po- 
tassium phosphate (pH 7.2) and either no 
NaCl (for the crude extract) or 40 mM 
NaCl (for the sucrose gradient fraction). 
The other components in the DNA po- 
lymerase reactions were 8 mM MgCl2, 
0.1 mM deoxyadenosine triphosphate, 0.1 
mM deoxycytidine triphosphate, 0.1 mM 
deoxyguanosine triphosphate, 0.1 mM 
[methyl-3H]deoxythymidine triphosphate, 
2 mM adenosine triphosphate, and 200 
Hg of activated calf thymus DNA per 
milliliter. 

In interpreting the results of this survey 
(Table 1), the following conditions were 
applied. If an enzyme activity was of low 
molecular weight and N-ethylmaleimide- 
resistant, it was scored as DNA polym- 
erase-3, although it is obvious that not all 
such activity would be absolutely identical 
in organisms over such a wide evolutionary 
scale. If an activity was of high molecular 
weight (> 100,000) and N-ethylmalei- 
mide-resistant, it was considered outside 
the realm of eukaryotic enzymes, possibly 
of prokaryotic origin [like Escherichia coli 
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Fig. 1. Sucrose gradient 
2 C 

analysis of DNA polymer- 
ases in (A) chameleon testes, 0 42- 
(B) earthworm gonads, (C) P 
silk gland, and (D) sponge. < 
Abbreviations: ME, enzyme u O U.o 
activity remaining after pre- x B0.41: 
liminary incubation with T B. . 1.4 
10 mM 2-mercaptoethanol; _ 
NEM, enzyme activity re- 2 Z maining after preliminary D I D 
incubation with 10 mM N- w 2 02,s 
ethylmaleimide. N N 

01 '0e _ Z 

ZI z 

0 0 
T 5 10 15 20 5 10 15 20 B FRACTION NUMBER 

19 MARCH 1976 1183 


	Cit r255_c411: 


