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Many tumor cells have been demonstrated 
to possess an increased total surface electro- 
static charge when compared with normal 
cells of their tissue of origin. This phenome- 
non is determined by measurement of their 
electrophoretic mobility under standard con- 
ditions( 1) .  Of interest, therefo're, was the 
finding of Eisenberg et al(2) and others(3) 
that the mammalian liver cell (mitotically in- 
active in the no'rmal state) assumes, upon en- 
tering preparation for cell division, an ele- 
vated electrophoretic mobility approximating 
that of tumor cells. These findings gave rise 
to the hypothesis that there is a direct rela- 
tionship between the surface ionogenic char- 
acteristics of cells and their ability to divide. 
However, it has been demonstrated recently 
that the action of the enzyme neuraminidase 
reduces the mobility of such tumor cells while 
failing to affect the stimulated liver cell(4,S). 
This suggests that the specific surface factors 
or components responsible for the total sur- 
face-charge of malignant and replicatin, nor- 
mal cells may be dissimilar. 

It is, therefore, of interest to' determine the 
nature of the surface alterations in a cell of 
transient mitotic activity such as the replicat- 
ing liver and to compare them with those of 
tumor cells. We have attempted to prevent 
the increase in electrophoretic mobility of the 
liver cell which usually follows its stimulation 
to cell division by partial hepatectomy( 6 ) ,  by 
blocking induced ribonucleic acid synthesis 
with actinomycin D and protein synthesis 
with puromycin. In addition, actinomycin D 
was administered to animals during the rapid 
growth phase of the Novikoff ascites hepa- 
toma to compare the effects of this agent upon 
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the surface characteristics of normal and 
malignant cells. 

Despite the failure of either of these anti- 
biotics to prevent the assumption of an in- 
creased electrophoretic mobility by the repli- 
cating liver cell, a selective surface alteration 
of a portion of the tumor cell population was 
demonstrated. 

Materials and methods. The selection of 
animals, operative procedures and other 
manipulations have been described (6) .  The 
70% hepatectomy was that of Higgins and 
Anderson( 7) and in all discussions, the oper- 
ation will be taken as time zero. 

Cell suspensions were prepared by the 
method of Jacob and Bhargava(8) with modi- 
fication. The animals were anesthetized with 
ether, the liver perfused via the inferior vena 
cava above the renal veins utilizing a #18 
needle, with 0.02 M sodium citrate in calcium 
free Locke's solution. The perfusate was 
placed from 10 to 100 cm above the animal 
being slowly raised during the perfusion. 
When the liver blanched the needle was re- 
inserted into the portal vein and the perfusion 
continued until the fluid draining from the 
inferior vena cava was clear. In general this 
required 25 to 40 cc of perfusate. The right 
posterior lobe was always used. The cells 
were then washed in 1 %  sodium chloride 3 
times at  500 rpm, l0OC fo'r 5 minutes on a 
#269 head, International Centrifuge PR-2. 
The cells were finally suspended in 1% sodi- 
um chloride at a concentration of 0.25-0.70 

The electrophoretic mobility of these cells 
was determined according to the method of 
Angers and Rottino( 9) .  Measurements were 
performed in 1% saline or Michaelis Buffer 
adjusted to pH 7.01 and were carried out at 
25°C. Ten measurements were made on each 
specimen. 

Actinomycin D was generously suppIied by 
Merck Sharp and Dohme. It was suspended 

x lo6 cellsJml. 
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in sterile water to a concentration of 100 pg /  
ml and administered intravenously. All of the 
partially hepatectomized rats received 2 0 0  pg 
of actinomycin D at  time of operation. Sham 
operated controls received 200 pg of actino- 
mycin D intravenously and were sacrificed 6 
hours later. The tumor bearing rats received 
200 pg 18 hours and 4 hours prior to sacri- 
fice. 

Puromycin was suspended in phosphate 
buffered saline to a concentration of 400 
mg% and 8 mg was administered intraperi- 
toneally 2 hours prior to operation. An addi- 
tional 4 mg was administered 1 hour prior to 
operation and again at the time of partial 
hepatectomy. 

Results. The electrophoretic mobility of 
the liver cells of sham operated animals re- 
mained constant throughout the postopera- 
tive period and was identical to that of liver 
cells from normal animals. As early as 3 
hours following partial hepatectomy the elec- 
trophoretic mobility of the liver cells had in- 
creased by 11% and a maximal increase of 
28% was determined at 20 hours, the latest 
period studied. The variation of response 
from cell to cell decreased with the length of 
time between operation and measurement. Al- 
though only measurements of single, appar- 
ently viable cells were included in results, 
similar determinations were obtained from 
2-5 cell clumps. Differences in the number 
of washes used caused little change in results 
(Table I).  

TABLE I. Effect of AMD and Puromycin on 
Liver and Tumor Cells. 

No. of A.EP.M., 
Procedure rats p/s/v/cm % N I  

Sham 3 
Sham + AMD 2 
Hcp. 311 2 
Hep. 311 AMT) 2 
Hep. 311 puroni. 4 
Hep. 6h 3 

Hep. 12h 2 

Hep. 2011 2 

Hep.6h + AMD 3 

Hrp. 1211 + AMD 2 

Asc. Tum. 2 
Asc. Turn. + AMD 2 

1.20 & .08 100 
1.08 2 .03 90 
1.33 ? .23 111 
1.49 2 .02 124 
1.35 t .31 112 
1.38 2 .18 115 
1.39 t .02 116 
1.51 2 .05 126 
1.47 .00 123 
1.54 & .03 128 
1.51 2 -02 126 
1.51 / 1.14 126/95 

AMD = actinomycin D ;  Hep. = 7070 hepatec- 
tomy; purom. = puromycin; Asc. Turn. r ascites 
tumor (Novikoff) ; A. EP. M. = avg electrophorrtic 
mobility in inicra per second per volt per em. 

Actinomycin D decreased the mobility of 
control liver cells without an apparent effect 
upon viability. Neither actinomycin D nor 
puromycin in significant doses prevented the 
assumption of increased cell mobility after 
partial hepatectomy at any of the periods 
studied. Viability of the liver cells was not 
apparently affected (Table I). 

Novikoff ascites tumor cells demonstrated 
an electrophoretic mobility similar to that 
maximally achieved by liver cells during their 
preparation for cell division. Little variation 
in measurement from cell to cell was detected 
despite moderate size variation of the tumor 
cells. When administered to the animals dur- 
ing the log phase of tumor growth (as deter- 
mined by animal weight gain) actinomycin D 
produced a significant variation in the meas- 
ured electrophoretic mobility of the tumor 
cell population, Two cell groups of approxi- 
mately equal size were detected, one of which 
retained the electrophoretic mobility of the 
untreated tumor cell and another which as- 
sumed a mobility similar to that of the ac- 
tinomycin-treated normal liver cells. These 
populations could not be distinguished mor- 
phologically under the experimental condi- 
tions, but all of the cells appeared to be viable 
as judged by phase-microscopic morphology. 

Discussion. Based mainly on the results 
obtained previously from the study of tumor 
cells, it has been suggested that the total sur- 
face electrostatic charge reflects to some ex- 
tent the mitotic activity or mitotic potential 
of nucleated cells( 1). The sudden increase in 
electrophoretic mobility of normal liver cells 
when stimulated to cell division by partial 
hepatectomy offered strong support to the 
view that a high anionic surface charge was 
consistent with mitotic activity regardless of 
cell type ( 2 ) . The rough correlation between 
a return to normal surface electropotential 
and the cessation of mitotic activity was also 
consistent with this view. 

The high total surface charge of tumor 
cells has been repeatedly reported to be re- 
lated to a neuraminidase susceptible factor 
(4,lO). This enzyme sensitivity has also been 
demonstrated in several tissue culture lines 
whether they were derived from normal or 
malignant cells ( 10). Although there is agree- 
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ment that the normal liver cell during inter- 
phase is resistant to neuraminidase activity, 
conflicting results have been obtained with 
the liver cell during its preparation for cell 
division. Fuhrmann et aZ(4) have reported 
resistance to such activity while more recent- 
ly Chaudhuri and Lieberman( 11) have re- 
ported susceptibility . 

Again, this latter study reports data con- 
trary to the above results in that actinomycin 
D prevented the assumption of increased 
electrophoretic mobility. The only procedu- 
ral differences which might explain such con- 
trary data was the use by Chaudhuri and 
Lieberman of immature rats and a different 
method of liver cell preparation. The method 
of liver cell preparation used in the presently 
reported study produced a pure parenchymal 
cell suspension with minimal cell alteration. 

I t  has been reported recently that under 
electron microscopy, the stimulated hepato- 
cyte undergoes widespread anatomic alter- 
ation of its surfaces including outpouchings 
and loss of cytoplasm, loss of microvilli and 
of intercellular substances ( 1 2 ) . Such changes 
seem adequate to produce an altered surface 
charge by baring new anionic groups. Resto- 
ration of the normal surface with prolgression 
of the process of cell division would reestab- 
lish the normal electrostatic charge. 

At present, therefore, the nature of the sur- 
face charge change detected in liver ceIIs dur- 
ing its preparation for cell division is un- 
clear. The dose of actinomycin D adminis- 
tered in our own experiments should have 
eliminated synthesis of new protein via the 
induction of ribonucleic acid, and puromycin 
should have directly halted protein synthesis 
( 13,14). In  view of these findings and the 
morphologic alterations of the surface i t  is 
suggested that the assumption o’f high elec- 
trostatic charge of the liver cell is the result 
of reorientation of protein molecules already 
present at the surface or the secretion of snb- 
stances already available in the cell through 
a membrane possessing increased permeabil- 
ity. 

A portion of the tumor cell population was 
also resistant to the effects of actinomycin D. 
However, it is interesting to note that the 
non-dividing liver cell and a significant per- 

centage of the tumor cells were susceptible to 
the effects of this agent. Both of these cell 
types would then appear to be dependent 
upon the continued synthesis of a proteina- 
cems surface component for maintenance of 
their usual surface charge. Although we have 
nu information as to the nature of the tumor 
cells involved, i t  is possible to speculate that 
it is the non-dividing tumor cell in which the 
total surface charge is dominated by a more 
constant turnover of surface components. 
Neuraminidase susceptibility can still be used 
to distinguish such Iron-dividing cells since 
all tumor cells seem equally affected by en- 
zyme treatment. 

Summary. Following amputation of ap- 
proximately 701% of a rat’s liver, there ensues 
a period of active nucleic acid synthesis fol- 
lowed by a wave of cell division. Surface al- 
terations occur during the preparation for 
mitosis which result in an increase of electro- 
phoretic mobility and it has been suggested 
that cell division is dependent upon surface 
charge. The present study demonstrates that 
the assumption of increased electrostatic 
charge during the preparation for cell divi- 
sion is not the result of newly synthesized 
protein and in accord with previous work in- 
dicates that cell division is independent of 
surface charge. However, it was suggested 
that the total surface charge of interphase 
cells is related to the constant synthesis of 
surface proteins. 

The authors wish to express their apprecia~on to 
Dr. John Angers, without whose help the study 
could not have been performed. 
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The participation of complement in im- 
mune reactions results from the sequential 
interaction of a number of components. Com- 
plement activity has been studied and char- 
acterized in a variety of mammalian and 
avian systems, but detailed evidence for its 
presence in lower vertebrates has been frag- 
mentary. A notable exception was the work 
of Cushing( 1,2 ) which described the hemo- 
lytic complement of the carp and bullfrog in 
some detail, and included a comprehensive 
review of the earlier literature. More recent- 
ly, an investigation of complement compo- 
nents of certain bony fish, elasmobranchs and 
cyclostomes has been reported ( 3 ) .  

The present study was undertaken to in- 
vestigate various aspects of the phylogeny of 
the complement system as observed in repre- 
sentative species of amphibia. Certain physi- 
cal and chemical properties of these amphibi- 
an sera were compared with those of a refer- 
ence guinea pig complement system. 

Materials and methods. Three species of 
amphibia were studied: Bufo marinus (ma- 
rine toad), R a m  pipiens (leopard frog), and 
Necturus ?~uzculosus (mud puppy). Ten speci- 
mens from each group were maintained for a 
minimum of 7 days prior to bleeding in a 
2 5°C controlled temperature environment. 
Bleeding was accomplished by cardiac punc- 
ture, and the individual samples were al- 
lowed to clot for one hour a t  room tempera- 
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ture, followed by two hours a t  10°C. After 
centrifugation at 0-5"C, the sera were main- 
tained in an ice bath. All quantitative proce- 
dures were initiated within 4 hours of time 
of bleeding, since it has been observed that a 
marked lability to storage, even a t  low tem- 
peratures, characterizes certain of these lower 
vertebrate sera. 

Quantitative estimates of complement levels 
were determined graphically by plotting the 
C'H50 for each individual serum, as well as 
for pooled sera, utilizing the standard tech- 
nique outlined in Kabat and Mayer( 4) .  The 
standardized erythrocyte suspension was op- 
timally sensitized with an appropriate dilu- 
tion of rabbit antibody, and optical densities 
of the cell lysates and controls were recorded 
in a Beckman DU spectrophotometer at  a 
wave length of 541 mp. Duplicate dilutions 
were carried out for test samples as well as 
positive and negative controls, using pH 7.4 
isotonic veronal buffer containing O.OlW15 M 
calcium ions and 0.005 M magnesium ions. 
Samples were incubated for one honr at  
30"C, followed by one hour a t  35°C. This 
incubation procedure was found to be opti- 
mal for amphibian sera, and was used for all 
experiments unless otherwise noted. 

Qualitative assays for natural hemolytic 
activity were performed with washed erythro- 
cyte suspensions from a variety of species 
without addition of heterologous antibody. 
Degree of hemolysis was scored visually. 
Each tube contained: 0.1 ml serum dilution, 
0.1 ml erythrocyte suspension in a concentra- 


