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INTRODUCTION 

In connection with our quantitative studies on the multiplication of neoplastic ceils 
in vivo we have previously 1 investigated the metabolic stability of deoxypentosenu- 
cleic acid (DNA), pentosenucleic acid (PNA) and the total proteins of Ehrlich ascites 
tumor cells labeled with glycine-z-:4C and adenine-8-14C. Provided that  incorporated 
I4C is not released from these cell fractions, the specific activity of DNA, PNA and 
proteins would be expected to decrease as an inverse fimction of population growth 
after the inoculation of labeled tumor cells. This was found to be true for the case of 
DNA measured in the course of one week after inoculation. After the inoculation of 
17.xo 6 tumor cells, this period corresponds to about 6 cell generations. The PNA 
fraction was found to lose part of its activity initially, but during the subsequent 
major part  of the growth period it showed a behaviour similar to the DNA fraction. In 
contrast, 14C was continuously released from the glycine-labeled proteins, indicating a 
degradation of the protein molecule. The results of numerous investigations 2-7 on 
different animal tissues have been interpreted in a similar way. However, recent 
studies on microorganism systems demonstrated metabolic stability of the pro- 
teins< 9,10 

The question arises whether the differences in the relative stability of the proteins 
obtained in the various studies reflect characteristic differences between different 
biological materials or whether they are at least part ly due to differences in the 
experimental conditions, such as in the precursor used, etc. To approach this problem, 
we have decided to repeat our earlier studies with the same ascites tumor but using 
another precursor. The findings were also compared with the behaviour of another 
ascites tumor line under similar experimental conditions. 

MATERIAL AND METHODS 

Mice: In all expe r imen t s  he te rozygous  male  albino mice of our own l abo ra to ry  breed were used. The  
a n i m a l s  were 2- 3 mon ths  old and had  a body weigh t  of 2o to 22 g r a m s . T h e y  were k e p t  on a s t and-  
a rd  pel le t  diet .  Food and d r ink ing  wa te r  were ava i l ab le  ad libitum. 

7"umovs: Two t u m o r  lines were used : 
(t) The  Ehr l i ch -S tockho lm asci tes  t u m o r  (referred to as E-St  tumor)  was produced in 1948 by 

Dr. KL~IN from a solid Ehr l ich  ca rc inoma  he received from Dr. A. FISCHER (Carlsberg Founda-  
t ion,  Copenhagen,  Denmark) .  In  FXSCH~R'S l abo ra to ry  the  t u m o r  had  been m a i n t a i n e d  in t issue 
cu l tu re  for several  years.  After  i ts  t r a n s f o r m a t ion  to  the  asci t ic  form, i t  was carr ied by serial  asci t ic  
fluid t ransfers  (over 4oo passages) in hyb r id  mice. The  moda l  chromosome number  was found to be 
in the  t e t r ap lo id  range n .  Deta i led  s tudies  on the  DNA c on t en t  and  growth  charac te r i s t i cs  of th is  
t u m o r  line have  been publ i shed  IL ~s. 
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(2) The Ehrlich-L~ndschfitz ascites tumor  (referred to as E-L tumor)  was sent to us from 
Munich by Dr. CH. LANDSCHOTZ in I953 and has been carried since then by serial intraperi toneal  
t ransfers in hybrid mice. The chromosome analysis of this tumor  together  with other  evidence 
makes it probable tha t  it represents a subline of the hyperdiploid Ehrlich-carcinoma extensively 
used in Germany  14. I t  differs in several characteristics from the Ehrlich-Stockholm line and it is 
doubtful  whether  the tumor  lines ever did have a common origin. 

Both lines are carried routinely by intraperitoneal transfer of 0.2 ml of ascitic fluid 8 to 1o 
days after the previous inoculation. 

Labeled compounds: ~S-methionine,  with a specific activity of about  5 mc per mmole, 14C-8- 
adenine and l*C-2-glycine, both with a specific activity of I mc per mmole were used. They were 
obtained from the Radiochemical Centre, Amersham, England. All compounds  were dissolved and 
administered in saline at pH 7.4. 

Labelin¢ the tumor cells: The procedure of labeling the t umor  cells with glycine and adenine 
has been described previously 1. An essentially similar method was used with methionine. With the 
exception of one series, it was administered alone in two intraperitoneal injections with an interval 
of 24 hours. The total amoun t  of ~S-methionine was 3-5 /~c. In one series, doubly labeled t umor  
cells were used. Labeled methionine and labeled adenine were administered simultaneously in this 
case until a total dose of 5/* c~S-methionine and 3/xc HC-adenine per mouse was given. The animals 
were killed and the labeled cells were collected two days after the last injection. The size of the 
inoculum was the same with the E-St tumor  as in the previous experiments  (l 7" l°e cells). In  the 
experiments  with the E-L tumor  o.T to o. 3 ml of the undiluted ascites (containing 20-6o. io s 
t umor  cells) was used for inoculation. Samples of ascitic fluid were collected at  regular intervals 
after  inoculation, as described previouslyL The chemical preparations,  measurements  of radio- 
activity, and t umor  cell counts, were carried out  in the same way as in previous studiesla,lL 

RESULTS 

The data obtained in eight series of experiments with both the E-St and E-L ascites 
tumors, respectively, are summarized in Tables I and II .  In all cases the products of 
the specific DNA and protein activities and the total tumor cell number were calculat- 
ed. Within one series, the decrease of the numerical value of the products is a measure 
of the release of the incorporated activity from the cell components, while their 
constancy can be interpreted to indicate metabolic stability. In order to make the 
products comparable between the different experimental series and to express deviat- 
ing values in percent, relative products were calculated so that the value of the product 
at zero time was taken as equal to Ioo. 

Glycine, adenine and methionine were separately used as precursors to label the 
proteins and DNA of the E-St tumor (Series I to 5). The values of the glycine and 
adenine series have been computed from data previously published 1. The values of the 
relative products showed only minor variations and indicated that essentially no or 
relatively little activity was released from the DNA fraction when labeled either with 
glycine or adenine. A similar constancy is also shown by the proteins labeled with 
methionine. In contrast, activity was lost from the protein fraction when glycine was 
used as label. The release had a significant correlation with the time after inoculation 
of tile tumor cells (Fig. I, Table III) .  

The results with the E-L tumor labeled with methionine and adenine, together or 
separately, were slightly different (series 6 to 8). In all the three cases studied, the 
proteins released about 30 to 40% of their incorporated activity between the collection 
of the labeled cells for inoculation and the 3rd day of their subsequent growth in the 
new host. After this initial decrease of activity, the proteins of the cells of the E-L 
tumor showed a behaviour similar to that of the E-St tumor cells with apparently no 
further loss (Fig. I and Table III) .  The values obtained in the series with both me- 
thionine and adenine-labeled cells (series 6) indicate that the initial release is restricted 
to the protein fraction only and DNA is stable straight on from the inoculation. In 
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C H A N ( ; F S  IN ]'HI,: C E L L  N U M B E R  A N D  T H F  S P E C I F I C  ACTIVIT","  O F  P R O T E I N S  A N D  DNA P U R I N E S  D U R I N G  T H E  

GRO'~VTI[ (11." "l 'ItE ]-'.-St ANCITEN T U M O R  VI" I ) I F F E R E N T  TIMI ' ;S  A F T E R  T H E  I N O C U L A T I O N  O F  L A B E L E D  C E L L S  

l>~'mhtrt ol total 
Activity" ° (c rain me) cell number and specific ReMtive product~: 

Series l.abeh'd Day  alter Total" number  activity 
*lumber precurx~)r lnoculatix)n o/ ]tee tumor . . . . . . . .  

cells × Io* DN:t  cells cells 
D N A  proteins purines × ." 

proteins purines × IOO ~< IO 9 proteins I)~'A 

o 17 b t9  ()71o lo  5 i i  4 (too) (]oo) 
2 98 ()5.7 1070 ()4 105 ()I 0 z 

1 g lycine  3 175 34.7 ()t~o 01 I t6 58 1o2 
5 473 Io.4 274 40 13 o 47 1 t, I . 
() 533 7. i 2 -) I 38 I I 8 3 t) 103 
7 603 4.9 130 34 06 32 85 

o 17 417 69()o 71 I I • ( 1 0 0 )  ( I OO) 

2 90 42.7 I52o 30 137 54 I x6 
2 glycine  3 16o -,5.o 780 4o 125 5(3 io6 

4 I(}5 I 1.0 54 ° 23 IO 5 32 80 
5 330 5.9 28() zo 95 "7 8 t 
6 398 ().o 231 24 ()2 34 78 

Mean: 43.7 "-=4 .1 96.6 ":4.3 

t) 17 333 °0 560 (100) 
2 to6 ¢)820 724 12~ 
3 135 35 °o 473 84 

3 adenine  4 2 0 5  22Q0 ~o 7 I(17 
5 3 ° °  164o 423 7.5 
6 6oo 14 Io 847 I 5 o 
7 7 6 0  I o ( ) o  8 0 5  1 4 2  

Mean: ix4.  3 ; 12.6 

meth ion ine  

m c t h i o n m e  

o I7 394 67 (]oo) 
2 ()~ 9 1  "7 ()2 91 
3 14 ° 47.3 ()() 00 
4 z 4 2  41 .(} 1 o 2 146  

5 258 - " 
O 388 I (~. > 75 i o 7 

O I 7 ( ) O 2  I O()  { I OO) 

2 ()4 1 I 5 l ()N I o 2  

3 1 2 8  8,'g. 2 I 13  107 
4 28o 47.3 t3I 124 
5 300 3 O.o <} 2 S 7 

0 560 17.O 1 oo o4 

Mean: to0 ..!- 6.3 

* Me,'m of 4 mice. 
** Mean of 0 to 15 mice. 

t h i s  s e r i e s ,  t h e  c o n s t a n c y  s h o w n  b y  t h e  p r o d u c t  o f  ce l l  n u m b e r  a n d  s p e c i f i c  a c t i v i t y  is 

f u r t h e r  c o r r o b o r a t e d  b y  t h e  r a t i o s  of  s p e c i f i c  a c t i v i t i e s  of  p r o t e i n  a n d  D N A ,  w h i c h  

c o u l d  b e  c a l c u l a t e d  w i t h o u t  t h e  e r r o r s  c o n n e c t e d  w i t h  t h e  d e t e r m i n a t i o n s  of  t o t a l  ce l l  

n u m b e r  d u r i n g  t u m o r  g r o w t h .  A f t e r  a n  i n i t i a l  d e c r e a s e  of  a b o u t  3 o % ,  t h e  r a t i o s  v a r i e d  

b e t w e e n  c o m p a r a t i v e l y  n a r r o w  l i m i t s .  

Re]erences p. I7 i .  
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Fig .  I.  P r o d u c t s  of  t o t a l  n u m b e r  of  f ree  t u m o r  
cel ls  a n d  spec i f i c  a c t i v i t v  o f  p r o t e i n s  of  asS_ 
m e t h i o n i n e - l a b e l e d  E - S t  (o - .  -o )  14C-g lyc ine-  
l a b e l e d  E - S t  ( x  - -X)  a n d  ~ S - m e t h i o n i n e -  
l a b e l e d  E - L  ( 0  . . . . . . . . .  Q )  a s c i t e s  t u m o r s ,  re-  
s p e c t i v e l y ,  a t  d i f f e r e n t  t i m e s  a f t e r  i n o c u l a t i o n .  
T h e  in i t i a l  v a l u e  is t a k e n  a s  e q u a l  t o  i oo .  T h e  
p o i n t s  r e p r e s e n t  d a t a  p o o l e d  f r o m  t w o  (E -S t )  o r  
t h r e e  (E-I , )  s e p a r a t e  e x p e r i m e n t a l  ser ies .  T h e  
r e g r e s s i o n  l ines  h a v e  b e e n  f i t t e d  b y  t h e  m e t h o d  
o f  l e a s t  s q u a r e s .  R e g r e s s i o n  a n d  c o r r e l a t i o n  d a t a  

a r e  s h o w n  in T a b l e  I I l .  

T A B L E  l l I  

REGRESSION AND CORRELATION I)AT& OF THE I)RODUCTS OF TOTAL TUMOR CELL NUMBER 
AND SPECIFIC ACTIVITY OF PROTEINS DEPICTED IN FIG. I 

Number o/ Regression Correlation Level o/ 
Tumor Label products coefficient" coe//icient significance" 

b jz ob • P 

E - S t  xaC-g lyc ine  t o  - -5 .89  ::: 1.5 o - . o . 8 I  t ~ o . o o t  
E - S t  ~ - S - m e t h i o n i n e  O + 0 . 3 1  "- 4 -56  + o . o z 6  ;> o , i  
E - L  a s - S - m e t h i o n i n e  19 - - 1 . 1 8  ~2 i . i o  - - 0 . 2 3 9  > o , i  

* D e n o t e s  t h e  d a i l y  p r o c e n t u a l  i n c r e a s e  o r  d e c r e a s e  o f  t h e  v a l u e  o f  t h e  p r o d u c t s .  
** P r o b a b i l i t y  t h a t  n u m e r i c a l  c h a n g e s  of  t h e  p r o d u c t s  a t  d i f f e r e n t  t i m e s  a f t e r  i r r a d i a t i o n  a r e  d u e  

t o  c h a n c e .  

DISCUSSION 

The data of this s tudy indicate that  during the growth of two ascites tumors the 
release of previously incorporated radioactivity from total proteins is different when 
two different amino acids are used as labe.ls. 

While glycine-labeled proteins lost activity continuously, proteins labeled with 
methionine retained their activity during the whole period of growth of the E-St 
tumor. In the E-L tumor there was an initial loss of activity followed by constancy 
during the major part  of the growth pexiod. 

The loss of activity from the multiplying a_scites tumor cells can be interpreted 
as evidence for an intracellular degradation of the protein molecule. A direct demon- 
stration of the turnover of individual proteins in the homogeneous cell population of 
the muscle tissue was presented by VELICK et a l ) ,L  In their experiments, the different 
incorporation rates of amino acids into different enzymes of the intact muscle tissue 
gave evidence for the independent metabolism of individual proteins. By specific 
inhibition of the release of labeled amino acids, STEINBERG ~ demonstrated a true 
dynamic degradation of proteins in rat-liver and kidney slices. In the experiments of 
GREENLEES AND LE PAGE 2, radioactivity was continuously released from the I*C- 
glycine-labeled cells of the TA 3 ascites tumor during the growth in the peritoneal 
cavity of the mouse. Opposed to these findings are the results obtained with E. coil: 

R e j e r e n c e s  p .  r 7 r .  
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isotopic studies on the induced synthesis  of an enzymeS, * brought  proof that ,  once 
formed, the  enzyme is s table within the  cell and  does not  undergo any  appreciable  
degrada t ion  and resynthesis  during growth.  These results were recent ly  confirmed 
and  the conclusions about  the  metabol ic  s tab i l i ty  were ex tended  for all or a t  least  the 
bulk of the  prote ins  in the growing bacter ia l  cell I°. 

The re tent ion of the  ac t iv i ty  of the methionine- labeled tumor  cells in the present  
s t u d y  is in line with a similar  concept of metabol ic  s tab i l i ty  and seems to indicate  
tha t  the prote ins  tha t  had  been labeled with this precursor  were i r revers ibly synthesis-  
ed and stable within the cell. This, together  with the results of the glycine labeling, 
might  suggest the existence of two types  of proteins,  each being in a s ta t ic  s ta te  or in a 
dynamic  equil ibrium. Nevertheless,  our da t a  do not exclude the possibi l i ty  of a process 
of slow breakdown which can be obscured by  a p redomina t ing  high ra te  of protein 
synthesis  (c/. the  discussion in ref.as). Another  explanat ion  would be a more str ict  and  
economical reuti l isat ion of l iberated ac t iv i ty  af ter  methionine labeling as compared  to 
label ing with glycine. I t  is hoped tha t  analyses in progress on the specific ac t iv i ty  of 
different separa ted  amino acids within the labeled tumor  ceils (e.g. methionine  and 
cysteine in the case of methionine-35S labeling) and p robab ly  the use of carbon and 
sulfur- labeled methionine  will give more informat ion on this point .  

The init ial  loss of the ac t iv i ty  of proteins  in the E-L  cells compared  to the s tab i l i ty  
of the prote ins  in the E-St  tumor  indicates tha t  different results can be obta ined  even 
with the same precursor when two different tumors  of s imilar  (perhaps common) 
origin are used for the assay. The possibi l i ty  tha t  the failure to recover all the ad-  
minis tered isotope in the protein fraction might  be due to the dea th  of a par t  of the 
t r ansp lan ted  cells was considered b y  several  authors  3, ~. This  possibi l i ty  may,  however,  
be excluded in our case since the results of the doub ly  labeled series show tha t  no loss 
of the DNA ac t iv i ty  occurred, which would have been expected  if a great  number  of 
the  cells would have died and lysed. An initial  release of some protein  molecules from 
the cells owing to the t r auma  involved in t r ansp lan ta t ion  and es tabl ishment  of contact  
with the new host could be a possible explanat ion .  
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SUMMARY 

The cells of two Ehrlich ascites tumors of similar, perhaps common, origin, the tetraploid E-St and 
the hyperdiploid E-L lines, were labeled in vivo with glycine-2-14C, adenine-8-14C and methionine- 
3~S and inoculated intraperitoneally in known numbers. The subsequent increase in the number of 
free tumor cells and the decrease of the specific activity of the DNA and protein fractions were 
determined at regular intervals and their products calculated. The products obtained with the ade- 
nine- and glycine-labeled DNA fraction did not vary considerably. Similarly, the products of cell 
number and methionine-labeled protein remained practically unchanged during the growth cycle 
of the E-St and, with the exception of an initial decrease during the first three days after inocula- 
tion, of the E-L ascites cells. In contrast to this, glycine-labeled proteins lost activity progressively. 
The constancy of the values of the products was taken as suggesting a metabolically stable state, 
while a decrease of these values was regarded as indicating a turn-over process. It seems that both 
the nature of the precursor and the biological characteristics of the tumor used may be important 
factors that determine the relative stability of the system. 
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] ' H E  G U A N I I ) I N A T I O N  O F  S O M E  B I O L O ( H C A L L Y  A C T I V E  P R O T E I N S *  
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S-Methyl isothiourea was first employed by SCHiJTTE 1 to convert the free amino groups 
in proteins to guanidino groups, and has subsequently been used for a similar purpose 
by CItRISTENSEN 2 and by ROCHE et al. 3,~. The reaction of O-methyl isourea with amino 
acids and peptides was investigated by CrREENSTEIN 5,6, and later this reaction was 
employed by HUGItES el al5 for the preparation of guanidinated human serum "albu- 
min. Recently CHERVENKA AND WlI.COX 8 reported the complete guanidination with 
O-methyl isourea of the free e-amino groups in chymotrypsinogen. 

Although a number of biologically active substances have been guanidinated, 
with the exception of the aforementioned study on chymotrypsinogen 8 no reports have 
appeared on the effect of guanidination on biological activity. It is the purpose of this 
c o m m u n i c a t i o n  to present  i n f o r m a t i o n  re la t ive  to the  g u a n i d i n a t i o n  of t w o  p i t u i t a r y  

h o r m o n e s ,  l a c t o g e n i c  h o r m o n e  (prolact in)  a n d  g r o w t h  h o r m o n e  ( somato trop in ) ,  a n d  of 

the  e n z y m e  l y s o z y m e .  

M A T E R I A L S  AND M E T H O D S  

O-Methyl isourea acid sulfate was prepared from O-methyl isourea hydrochloride 9 by the method 
of ItUGHES el al. ~. O-Methyl isourea neutral sulfate was synthesized by the method of BELLO ~°. In 
the initial experiments, the acid sulfate was employed: it was converted to the free base with 
Ha(OH)e, and used according to the conditions employed by HUGHES 7. Other experiments were 

* T h i s  w o r k  is supported in p a r t  b y  the American Cancer Society and the National lnstitntes of  
H e a l t h ,  United States P u b l i c  H e a l t h  S e r v i c e  ( R G - 4 o 9 7 ) .  
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