
vations here are based on measure- 
ments of hundreds of individual cells 
in smears obtained from five patients. 
Four of these patients had histologically 
proven epidermoid carcinoma. - The 
fifth patient was a normal premenopau- 
sal female whose cells were used for 
control and comparison purposes. 

The smears were photographed at 
different wavelengths, with apparatus 
which included a Bausch and Lomb 
mercury light source and monochrom- 
ator set to a sufficiently narrow band- 
width to isolate the 2536 A, 2652 A, 
2803 A, and 2967 A mercury lines at 
the exit slit. A Carl Zeiss ultrafluar 
100/1.25 glycerine immersion objective 
was used, an achromatic 0.85 NA con- 
denser, a quartz O1X eyepiece, and 
a Polaroid Land camera attachment 
with a viewing eyepiece. Polaroid type- 
32 film was used at exposures ranging 
between 0.1 and 5 seconds. 

The absorption profiles of cells were 
obtained by modifying the photographic 
equipment. The mechanical stage of 
the microscope was arranged to drive 
the slide electrically through the center 
of the field at the rate of 2 p. per sec- 
ond. An aperture and a 1P28 photo- 
multiplier were substituted for the 
camera. The effective aperture size at 
the slide was less than 0.5 /j. The 

photomultiplier signal was amplified by 
a d-c amplifier with a bandwidth of 
10 cy/sec, and the signal was recorded 
as a function of time on a Moseley 
chart recorder. The signals were nor- 
malized at each wavelength by manual 
adjustment of the amplifier gain while 
an area without cells was being scanned. 

The smears were observed under 
visible light, and specific cells were 
selected to be photographed and 
scanned at different wavelengths. A 
parfocal viewing eyepiece and the 
achromatism of the optics enabled focus 
to be maintained at ultraviolet wave- 
lengths. A scan profile line was estab- 
lished by correlating the aperture and 
the mechanical stage movement with an 
engraved disk in the viewing eyepiece. 
The reproducibility of the profiles was 
verified by scanning at each wavelength 
in succession and then repeating the 
measurements at all wavelengths. 

Figure 1 shows photographs of typi- 
cal mature squamous cells, and Fig. 2 
shows the scan profile of one of these 
cells at wavelengths 5460 A, 2967 A, 
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some of the cancer cells shown in Figs. 
3, 4, and 5 is the marked absorption of 
the nucleus and the cytoplasm at 2652 
A due to the great amount of DNA and 
RNA in these cells. This often results 
in the disappearance of the nuclear 

boundary in such cells at this wave- 
length. The boundary is clearly present 
in all photographs at wavelengths above 
2967 A. In other cancer cells shown in 

Figs. 3 to 5, there is increased absorp- 
tion of the nucleic acids but the delinea- 
tion of nucleus from cytoplasm is 

preserved. Differences in the absorption 
profiles among 2652 A and 2967 A and 
visible light are shown in Figs. 6 to 8 
for certain cells indicated in the figures. 

Especially in Fig. 3, the absorption 
due to cytoplasmic RNA in some of 
the cancer cells is as intense as that of 
the nucleus, and it is not possible to 

distinguish the cytoplasm from the 
nucleus in the photograph taken at 
2652 A. It must be pointed out that in 
some of the other cancer cells, also 

present in this field, this absorption 
phenomenon is not nearly as complete 
as it is in cells D and E of Fig. 3. The 
inference suggested by this observation 
is that the cytoplasmic absorption may 
vary inversely with the degree of differ- 
entiation of the cancer cells. Cell A 
of Fig. 3 is an example of a well- 
differentiated cancer cell. In such cells 
the nuclear boundary is not obliterated 
at 2652 A. 

We believe that, with an electronic 
scanning system in which two wave- 

lengths are used, cells such as D and E 
of Fig. 3 can be readily identified 
among other cells. While we have ob- 
served these cells in the four cancer 
cases studied, it remains to be seen by 
further efforts whether every epider- 
moid cancer will contain such cells. 
Special concern will be needed for some 
of the precancerous states in which the 
abundance of RNA may not equal that 
in cells D and E of Fig. 3, and might 
produce a pattern approaching that of 
cell A. It further remains to be seen to 
what degree actively growing or me- 

tabolizing benign cells with increased 
cytoplasmic proteins will exhibit the 
total absorption phenomenon (7). 
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Carbamyl Phosphate Synthesis in the 

Earthworm Lumbricus terrestris 

Abstract. The enzymatic synthesis of 
citrulline from ammonia, bicarbonate, 
adenosine triphosphate, and L-ornithine 
takes place in the soluble fraction of 
gut tissue of the earthworm. The syn- 
thesis occurs at low ammonia concen- 
trations, is dependent upon added N- 
acetyl-L-glutamate, and results in incor- 
poration of the bicarbonate carbon into 
the ureido group of the citrulline mole- 
cule. Carbamyl phosphate is the inter- 
mediate in the reaction and its bio- 
synthesis in the earthworm is mediated 
by a carbamyl phosphate synthetase 
system similar to that of ureotelic verte- 
brates. 

The key role of carbamyl phosphate 
in the de novo biosynthesis of arginine 
and uridylic acid has previously been 
discussed and the importance of the 
comparative biochemistry of this com- 
pound has been emphasized (1-3). 
Three distinct enzyme systems differ- 
ing in mechanism of action are known 
for the synthesis of carbamyl phosphate. 
These are the carbamate kinase of bac- 
teria, the carbamyl phosphate synthetase 
found in the fungus Agaricus bisporus, 
and the carbamyl phosphate synthetase 
of ureotelic vertebrates. The vertebrate 
system has been of interest in relation 
to biochemical evolution because of its 
role in ammonia detoxification by way 
of the urea cycle. The aquisition of this 
detoxification mechanism during evolu- 
tion has been implicated as an important 
factor in the exploitation of the land 
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teria, the carbamyl phosphate synthetase 
found in the fungus Agaricus bisporus, 
and the carbamyl phosphate synthetase 
of ureotelic vertebrates. The vertebrate 
system has been of interest in relation 
to biochemical evolution because of its 
role in ammonia detoxification by way 
of the urea cycle. The aquisition of this 
detoxification mechanism during evolu- 
tion has been implicated as an important 
factor in the exploitation of the land 
habitat by ancestral vertebrates (1, 2). 
In the animal kingdom, studies on the 
synthesis and metabolism of carbamyl 
phosphate and the distribution of the 
participating enzymes have been mainly 
restricted to vertebrates (1). The utiliza- 
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tion in vitro of carbamyl phosphate by 
invertebrate tissue extracts for citrulline 
synthesis was first shown in the land 
snail Otala lactea (4), and it is now 
known to occur in several other in- 
vertebrate species (5, 6). The synthesis 
in vitro of carbamyl phosphate had not 
been previously attained with inverte- 
brates although indirect evidence sug- 
gested that it was synthesized in vivo 
(6). 

In this report, we show that the bio- 
synthesis of carbamyl phosphate in gut 
tissue of the common earthworm is 
mediated by a carbamyl phosphate 
synthetase similar to that of ureotelic 
vertebrates. Thus, animal carbamyl 
phosphate synthetase is distributed 
among invertebrates as well as verte- 
brates. The occurrence of carbamyl 
phosphate synthetase and other urea- 
cycle enzymes (6) in the gut tissue of 
the earthworm may represent an early 
stage in the evolutionary appearance 
of enzymes of the urea cycle in in- 
testinal cells prior to their association 
with a hepatic diverticulum and sub- 
sequent localization in the liver of 
ureotelic vertebrates. In mammals, the 

Table 1. Intracellular localization of carbamyl 
phosphate synthesis in gut tissue of the earth- 
worm. The assay system contained, in gAmoles 
per ml: NaHCO,, 10; (NH,)2SO4, 5; MnSO4, 
10; ATP, 5; N-acetyl-L-glutamate, 10; 3- 
phosphoglycerate, 10; NAD, 1; L-aspartic acid, 
10; and imidazole-HCl buffer, pH 7.9, 50. 
Supplementary enzymes included 20 units of 
aspartate transcarbamylase from Escherichia 
coli and 0.3 mg of a fraction from rabbit 
muscle containing 3-phosphoglycerate kinase 
as an ATP-generating system. For the mea- 
surement of citrulline formation, L-ornithine 
was used in place of L-aspartic acid and the 
transcarbamylase was rat-liver ornithine trans- 
carbamylase. The enzyme from the earthworm 
was then added and the mixture was in- 
cubated at 28?C. The reaction was terminated 
with 1 ml of 1M HCIO4 and the carbamyl 
aspartate or citrulline formed was determined 
colorimetrically (8). Controls consisted of a 
complete reaction mixture deproteinized at 
the start and a complete system containing 
boiled enzyme. The tissues were homogenized 
and fractionated in a solution of 0.4M man- 
nitol, 0.1M K2SO,, and 0.015M potassium 
glycylglycinate, pH 7.5, and centrifuged at 0? 
C for 8 to 10 minutes. The intestine posterior 
to the gizzard was used. A unit of activity 
represents ,moles product per hour. 

Total units carbamyl 
phosphate synthesis as: 

Cell fraction 
Carbamyl Citrul- 
aspartate line 

Homogenate (25 
percent wt/vol) 4.92 5.08 

600g residue 0 

600g supernatant 4.90 * 

15,000g residue 0.02 " 

"15,000g supernatant 3.78 3.78 
* Not determined. 
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only extrahepatic tissue showing ap- 
preciable synthetase activity is intestinal 
mucosa (7). Because of the ontogenetic 
origin of the liver from the primitive 
gut, this intestinal synthetase activity 
in mammals may thus represent a 
vestigial condition. 

Carbamyl phosphate synthesis was 
measured indirectly as either citrulline 
or carbamyl aspartate formation when 
earthworm gut tissue extracts were in- 
cubated with adenosine triphosphate 
(ATP), NH4+, and HCO3- in the pres- 
ence of excess ornithine transcarba- 
mylase and L-ornithine or aspartate 
transcarbamylase and L-aspartic acid. 
The reaction mixture is described in 
Table 1. Under the conditions of this 
assay system, citrulline or carbamyl 
aspartate synthesis was linear for 30 
minutes with low concentrations of 
enzyme. Because of endogenous am- 
monia in the supplementary enzymes, 
the actual NHt+ concentration was 
slightly higher than 0.01M. Maximum 
synthesis was obtained, however, at or 
below 0.015M NH+. Omission of ATP, 
MnSO,, N-acetyl-L-glutamate, or L-orni- 
thine and L-aspartic acid greatly di- 
minished or abolished the synthetase 
activity. When Mg+2 was used as the 
divalent ion, 25 percent of the activity 
given by Mn+2 was obtained; Co"+ would 
not replace Mn+2. Omission of the ATP- 
generating system decreased the syn- 
thesis by 60 percent. Omission of either 
transcarbamylase decreased, but did 
not abolish, the synthesis. This effect 
was greatest in carbamyl aspartate for- 
mation. The ratio of endogenous orni- 
thine transcarbamylase activity (6) to 
aspartate transcarbamylase activity is 
approximately 100 : 1 in the gut tissue 
of the earthworm. The addition of 2.5 

ptmole of ZnSO4 to the reaction mixture 
caused a 75 percent inhibition of the 
reaction. No stimulation of either citrul- 
line or carbamyl aspartate formation 
was obtained when L-glutamine was 
included in the assay. The optimum 
pH for the reaction was around 8.0 
in either imidazole or glycylglycine 
buffers. With this method of assay, the 
net synthesis of citrulline was from 
2.5 to 5.0 ~,mole/g of tissue per hour, 
or approximately -0.05 Imole/mg of 
soluble protein per hour. Equivalent 
results were found for carbamyl as- 
partate synthesis. 

Because of the low activity, a clearer 
definition of the requirements for 
citrulline synthesis could be obtained 
by studying the incorporation of bi- 
carbonate-C"4 into the citrulline synthe- 

sized. These data are presented in Table 
2. By means of the assay system de- 
scribed in Table 2, citrulline or carba- 
myl aspartate was identified as the 
product of the reaction as follows. After 
incubating the complete reaction mix- 
ture, four volumes of ethanol were 
added to terminate the reaction. Ten 

tmole of carrier citrulline or carbamyl 
aspartate were then added and the 
solutions were prepared for chroma- 
tography (8). The extracts containing 
the carbamyl compounds were streaked 
on Whatman No. 3MM paper and de- 
veloped twice with a mixture of 2- 
butanol, 88 percent formic acid, and 
water (75: 15: 10, by volume). Radio- 
autographs were made of the chromat- 
ograms to detect the radioactive citrul- 
line or carbamyl aspartate. These 
compounds were positively identified 
by comparing the exposure on the 
radioautographs with the color reaction 
given by p-dimethylaminobenzaldehyde 
on the chromatograms. The compounds 
were then eluted from the paper, plated 
on aluminum planchets, and counted in 
a gas-flow counter. In order to show 
bicarbonate-C14 incorporation into the 
ureido carbon of the citrulline, the 
citrulline was eluted from the chro- 
matograms and arsenolyzed (6). The 
ureido carbon, as C02, was trapped in 
NaOHI and precipitated; the precipitate 

Table 2. The formation of C14-citrulline from 
NaHC140: by gut tissue extracts of the earth- 
worm. The complete assay system contained, 
in micromoles per 5 ml: NaHC'40. (l100,000 
count/min per umole), 30; (NH,)2SO4, 20; 
MnSO4, 50; imidazole-HCl buffer, pH 7.9, 
500; L-ornithine, 70; N-acetyl-L-glutamate, 
50; ATP, 25; 3-phosphoglycerate, 30; NAD, 
5; K2HPO,, 0.5. Supplementary enzymes were 
0.9 mg of rabbit muscle extract and 250 units 
of rat liver ornithine transcarbamylase. The 
earthworm enzyme source was 1 ml of a 
15,000g supernatant from a 25 percent tissue 
homogenate sedimenting at 15,000g in a mix- 
ture of 0.4M mannitol, O.1M K,SO4, and 
0.015M potassium glycylglycinate, pH 7.5. 
Citrulline was isolated from the reaction 
mixture by paper chromatography; it was 
eluted from the chromatogram, plated, and 
counted in a gas-flow counter. 

Incubation Total 
Assay time radioactivity 

modifications (mi) in citrulline 
(count/min) 

None 0 0 
None 15 18,250 
None 30 38,200 
None (boiled enzyme) 30 97 
Minus ATP 30 108 
Minus N-acetyl-L- 

glutamate 30 795 
Minus MnSOt 30 1265 
Minus MnSO,, plus 

MgSO, 30 2330 
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was counted for radioactivity as BaCO3 
by standard methods. In experiments in 
which this arsenolysis method was 
used, results equivalent to those pre- 
sented in Table 2 were obtained. 

The limitation of both citrulline and 
carbamyl aspartate synthesis by the 
same reaction and the incorporation of 
bicarbonate carbon into the ureido car- 
bon of the citrulline molecule strongly 
suggests that carbamyl phosphate is the 
intermediate in carbamylation reactions 
in the earthworm (1). The requirement 
of N-acetyl-L-glutamate and the opera- 
tion of the reaction at low ammonia 
concentrations are characteristic of the 
carbamyl phosphate synthetase system 
found in mammals and amphibians. The 
failure of L-glutamine to stimulate ci- 
trulline synthesis distinguishes this sys- 
tem from that in certain fungi (9). Thus 
carbamyl phosphate synthesis in the 
earthworm is mediated by an enzyme 
system more closely related to that in 
ureotelic vertebrates than to that in 
either bacteria or fungi. 

The earthworm carbamyl phosphate 
synthetase is only detectable in the 
soluble fraction of the cell in contrast 
to the synthetase in the vertebrates 
which is found mainly in the 
mitochondrial fraction. The intracel- 
lular localization in the earthworm gut 
tissue is presented in Table 1. The only 
variation encountered in this localiza- 
tion was in two of five fractionations 
where as much as 24 percent of the 
total units was found in the residue 
sedimenting at 600g. Of 14 different 
solutions tested, the combination of 
0.4M mannitol, 0.1M K2SO4, and 
0.015M potassium glycylglycinate, pH 
7.5 was found to be most effective in 
protecting the quite labile activity dur- 
ing fractionation. The supernatant from 
tissue homegenates prepared in this solu- 
tion and centrifuged at 15,000g was 
routinely used as the enzyme source. 

A high "carbamyl phosphate phos- 
phatase" activity is present in mito- 
chondrial preparations of the earth- 
worm as well as of other invertebrates. 
This may account for previous failures 
to demonstrate carbamyl phosphate 
synthetase activity with such prepara- 
tions. We found a marked inhibition of 
carbamyl phosphate synthesis by water- 
lysed liver mitochondria from an am- 
phibian (Rana pipiens or Bufo valliceps) 
when they were mixed with water-lysed 
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phibian (Rana pipiens or Bufo valliceps) 
when they were mixed with water-lysed 
mitochondrial preparations from three 
species of invertebrates (the earthworm, 
the land snail Otala lactea, and the 
flatworm Hymenolepis diminuta). 
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The adenosine triphosphatase activity 
of both the invertebrate and amphibian 
mitochondria was of the same order 
of magnitude when measured under the 
conditions of the synthetase assay. 
Under conditions where the reaction 
proceeded to completion on the basis 
of the ATP present, an increase in the 
amount of amphibian mitochondria did 
not result in inhibition of carbamyl 
phosphate synthesis. An increase in the 
amount of ATP-generating system did 
not overcome the inhibition given by 
the invertebrate mitochondria. The in- 
hibition was not due to the metabolism 
of N-acetyl-L-glutamate since the ef- 
fectiveness of this cofactor in the am- 
phibian system was not changed after 
its incubation for up to 3 hours with 
the invertebrate mitochondria. 

During the inhibition of the reaction, 
there was a liberation of inorganic 
phosphate which was directly propor- 
tional to the amount of inhibition of 
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thesis resulting from the breakdown of 
carbamyl phosphate by these mito- 
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liberated per hour per mitochondria 
from 1 g of tissue at 28?C were as 
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21.6; and Otala, 20.4. The specificity of 
the phosphatase activity is unknown 
(10). Although the phosphatase activity 
is in excess of the synthetase activity in 
the earthworm, it appears to be an 
important factor only under conditions 
of tissue homogenization which result 
in mitochondrial disruption. This ac- 
tivity did not interfere with the detec- 
tion of carbamyl phosphate synthesis 
in crude homogenates containing intact 
mitochondria as is shown in Table 1. 
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surdaster surdaster, 
in Laboratory Research 

Abstract. The breeding of successive 
generations of Thamnomys in the lab- 
oratory made possible a study of its 
bionomics and an evaluation of its 
importance in parasitological and ma- 
larial research. 

The tree rat, Thamnomys surdaster 
surdaster, is the natural mammalian 
host and reservoir of Plasmodium ber- 
ghei (1), the malarial parasite most 
commonly used in laboratory research 
because it is easily transmitted by inoc- 
ulation of infected blood into animals 
such as white mice, albino rats, ham- 
sters and voles. However, until recent- 
ly, the difficulty of obtaining live speci- 
mens of Thamnomys from Katanga, 
and the failure, as reported, of these 
animals to mate and reproduce in cap- 
tivity (2) prevented their use in malaria 
and other parasitology research. In the 
words of the late J. Rodhain, the tree 
rat has remained "un obscure repre- 
sentant parmi le tres nombreux ron- 
geurs de l'Afrique Centrale." 
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