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INTRODUCTION 

In previous papers, observations of the in vitro and in vivo effects of ribonuclease on 
neoplastic growth have been described 1, 8, s, 4. The in vitro action of ribonuelease has 
been followed by chemical methods and expressed in terms of changes in RNA/DNA, 
free nucleotide/DNA and protein/DNA ratios. 

Since the interference microscope provided a method of determining the mass 
of individual cells, it was considered that it might be of interest to apply this technique 
to the problem of ribonuclease action. The method would permit one for the first time 
to study the quantitative response of isolated living cells to various treatments and 
to correlate the results obtained by chemical methods with data obtained on isolated 
living cells. 

METHODS OF MEASUREMENT 

Inter/erence microscopy 
The use  of an  interference microscope enables  the  m a s s  of a smal l  object  on a slide to be de termined,  
if t he  refract ive index of the  mater ia l  is known.  The  specific pro te in  increments ,  a (change in 
refract ive index produced  by  the  addi t ion  of i g to ioo  ml), of mos t  pro te ins  are ve ry  s imilar  
( ~ o . o o I 8 5 ,  ADAIR AND ROBINSON 5) and  a l inear re la t ionship holds up  to qu i te  h igh  concen t r a t ions  
(BARE#). The  values  for nucleic acids are  ve ry  s imilar  (BARER AND TKACZYK?). S o m e w h a t  lower 
va lues  are ob ta ined  for c a rbohyd ra t e s  and  lipids. B u t  t he  mass  of cellular mate r ia l  is largely 
protein  e.g. a typical  ana lys is  of Landschi i t z  asci tes  cells gives prote in  46.5 mE, R N A  5.2 mg,  
D N A  2.6 mg, free nucleot ides  1.5 mE, per  ml  ascitic fluid. Cell mas s  can  therefore  be de te rmined  
with considerable  accuracy  by  th i s  me thod ,  as has  been shown by  DAVIES AND WILKINSS, 9, 
BARER e, and  by  MELLORS, KUPFER AND HOLLANDER 10. W i t h  t he  Baker  interference microscope 
(SMITH It) us ing  a shear ing  sys tem,  effectively two beams  are  used.  The  first beam passes  t h rough  
a clear por t ion  of the  slide beside the  specimen.  The  measu r i ng  b e a m  passes  t h rough  t he  specimen.  
If t h e  spec imen and  reference region have  equal  th icknesses  and  n r is t he  ref rac t ive  index of 
the  clear m e d i u m  while n s is t h a t  of t he  specimen,  t he  p a t h  difference be tween  t he  two b e a m s  

(ns--nT)t. This  is equal  to t he  n u m b e r  of wave leng ths  re ta rda t ion  × t he  wave leng th  (;t = 
546I A for m e r c u r y  green). 

W i t h  t he  Smi th  sys t em,  t he  ana lyse r  is first ro ta t ed  un t i l  t he  m e d i u m  appea r s  b lack a n d  
t he  reading  taken .  The  reading  is t h e n  recorded when  t he  spec imen appears  black, xSo ° ro t a t i on  
is equ iva len t  to x wave leng th  mad for ar ° measu red  in a clockwise direct ion 5.461. i o - S . x / I 8 o  = 

* Charg~ de  Rechexches  du F e n d s  Na t iona l  beige de la Recherche  Scientifique, P e r m a n e n t  
Address,  Labora to i re  de Morphologie  Animate ,  Univers i t6  Libre de  Bruxelles.  
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(n s - -  vt)t, where  t is the  th ickness  in cm.  I n  those  cases  where  t he  spec imens  h a v e  a th ickness  
which  differs f rom t h a t  of the  m e d i u m  5.461. io -5 .x / I8O = n s t s - - n j r  and  for different  spec imens  
5.461 • i o - 5 . 1 1 ] 1 8 o -  5.46i .  IO-n.12[i8o = n r l t r x -  nsztsv The  quo t i en t  nsts/IOO c~ is equal  to the  
mass  per  un i t  area of t he  specimen.  The  to ta l  mas s  of the  spec imen will equa l  nsl ts t / i  oo a × area 
of specimen.  Changes  in m a s s  of t he  spec imen  can  therefore  be recorded over a period of t ime,  
if t he  re ta rda t ion  and  area  are measured .  

Ascites t u rnou t  cells, in a free suspension,  t end  to a s s u m e  a spherical  fo rm as shown  in Fig. lb.  
P rov ided  t h a t  t he  nuclear  and  cy top lasmic  dens i ty  do no t  differ grea t ly  a m e a s u r e m e n t  t h r o u g h  
t he  d i ame te r  of the  cell enables  the  mass  to be de termined .  In  pract ice  the  cells t end  to res t  on 
the  surface  of t he  glass in the  way  shown  in Fig. IC. The  to ta l  mas s  is difficult to de t e rmine  b u t  
changes  of mas s  over  a period of t ime  can  be recorded, provided  t h a t  t h e  cell d i a m e t e r  does  
no t  change  m a r k e d l y  dur ing  t he  course of the  m e a s u r e m e n t s .  The  d i ame te r  is m e a s u r e d  wi th  
a m ic rome te r  eyepiece, in two m u t u a l l y  perpendicu la r  directions.  The  a r i thme t i c  m e a n  m a y  be 
used,  or a l t e rna t ive ly  the  area  ca lcula ted  for an  ellipse as ~ a b, where  a and  b are  t he  m a j o r  
and  minor  axes.  The  cells, as  a rule, show sl ight  devia t ions  f rom a regular  shape.  However ,  t he  
general  accuracy  of t he  observa t ions  is considerably  increased,  if t he  cells are s l ight ly  c o m p r e s s e d  
be tween  t h e  slide and  coversl ip as shown  in Fig. Id. In  th is  case the  cen t re  of the  call is f l a t t ened  
un t i l  t h e  nuc leus  effectively fills t h e  whole th ickness  of the  layer, while the  c y t o p l a s m  r e m a i n s  
as an  a n n u l u s  round  t he  exter ior  of t he  nucleus.  In  th i s  case a un i fo rm ex t inc t ion  is ob ta ined  
over  a reasonable  p ropor t ion  of t he  area  of the  cell. 
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Fig. i .  (a) Method  of m e a s u r e m e n t  wi th  S mi t h  (Baker) shear ing  t ype  of in terference microscope.  
S ---- spec imen;  M ~ m e a s u r i n g  b e a m ;  R = reference beam.  (b) Measur ing  b e a m  pass ing  t h r o u g h  
centre  of spherical  cell. N == nuc leus ;  C = cy top la sm.  (c) Measur ing  b e a m  pass ing  t h r o u g h  cen t re  
of  cell spread  on a f la t  surface,  d = d i ame te r  of cell image.  (d) Measur ing  b e a m  pass ing  t h r o u g h  
cell which  is compressed  b e t w e e n  sl ide and  coverslip.  Mn = m e a s u r i n g  b e a m  t h r o u g h  nuc leus ;  

Mc ~ measuring beam through cytoplasm. 

Read ings  can  t h e n  be  t a k e n  b e t h  on  the  nuc leus  and t h e  cy top lasm.  I f  t h e  m e a n  d iamete r s  
of  t h e  nuc leus  (dn) and  w h o l e  cel l  (d) are  d e t e r m i n e d :  

nnt ~ d~ 
Mass of nuc leus  = × 

1oo u 4 

Mass of c y t o p l a s m  = - - - - n  c t X ~z (d s -  dZn) 
IOO ct 4 

I n  order t h a t  m e a s u r e m e n t s  of th i s  k ind  can  h a v e  significance, i t  is essent ia l  t h a t  t h e  cells u n d e r  
obse rva t ion  shou ld  be  in a h e a l t h y  s ta te .  Two r equ i r emen t s  m u s t  be m e t :  

(I) The  ceils m u s t  h a v e  an  adequa t e  supp l y  of n u t r i e n t  ma te r i a l  in t h e  m e d i u m ,  
(2) T h e y  m u s t  have  an  ample  supp ly  of oxygen .  
W h e n  freshly w i t h d r a w n  f rom t he  per i toneal  cavi ty ,  t he  ascit ic fluid is dense ly  packed  w i th  

cells, wh ich  rap id ly  e x h a u s t  t h e  m e d i u m  on a slide. The  suspens ion  is there fore  cen t r i fuged  on 
a h a n d  cent r i fuge  and  t h e  clear s u p e r u a t a n t  fluid w i thd rawn .  A ve ry  smal l  n u m b e r  of cells are  
t h e n  d r a w n  up  a n d  su spended  in t h e  fluid. The  large v o l u m e  of fluid per  cell p rovides  an  a d e q u a t e  
food supply .  An  adequa t e  supp ly  of oxygen  is ensured  b y  first p lac ing  a sma l l  piece of microscope  
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coverslip (M) on the slide (Fig. z). A drop of cell suspension is placed on M and the whole is covered 
with a coverslip of normal size. By careful control of the size of the drop of cell suspension, the  
thickness of the liquid layer can be quite accurately regulated. The coverslip is sealed with the 
usual molten mixture of wax and vaseline. The large airspace A ensures tha t  an adequate supply 
of oxygen reaches the cells; ascites cells mounted in this way have been kept alive for twenty-four  
hours on the microscope stage, in a flattened condition. 

A 

(a) 

Fig. 2. Method of mounting tumour  cells in a healthy condition. M = small square of microscope 
coverslip; C = cell suspension: A = air space; V = wax. 

v A C 

I__1 1 

(o) 

Biochemical method 
The ascitic fluid withdrawn from the animal was placed as quickly as possible in incubation tubes  
containing a known amount  of ribonuclease. The enzyme was, in most  cases, dissolved in as little 
saline as possible, or even in ascitic fluid. The contents of the tube were "then carefully mixed. 
In most  cases the tubes were gently shaken throughout  the incubauon. 

At given times, a sample was withdrawn from the tube and centrifuged at  once at  3,5oo r.p.m. 
for 3 min. The supernatant  fluid was separated and stored. 

Both cells and superna tant  fluid were treated according to SCHNZ~IDER TM and different 
fractions were obtained: acid-soluble (free nueleotides), TCA extract  (DNA and RNA) proteins. 
The acid-soluble par t  was analysed by the ultra-violet spectrophotometric method, using the 
difference E2oo-E3oo as a measure of the free nucleotide content. 

The TCA extract  was analysed according to SCZ~NEZVER TM for RNA by using the  modification 
of LUSENA TM, for DNA by using the usual  technique. 

The proteins were determined by the application of MEHL'S z4 method, after digestion of 
the TCA residue by N KOH. 

EXPERIMENTAL MATERIALS 

The experiments with ribonuclease are divided into three sections. In the first are included those 
using Ehrlich ascites cells and the  "quick-growing" Landschiitz Ascites s t rain~;  these two strains 
seemed to react in a comparable way to the enzyme treatment ,  both visually and from the point 
of view of mass  measurements .  After successive weekly re-implantations over a period of ca. 
2 months  the  Landschiitz swain became much less active. The tumour  growth rate was slower, 
the median survival t ime gradually increased from 7 days to z6 days 16, and the tumour  cells 
when viewed under  the interference microscope were much less active and less capable of being 
slightly flattened without  permanent  damage to the cell membrane.  In the second section axe 
given results with the "slow-growing" Landschiitz strain, and in section three are the results 
obtained by incubating these inactive cells a t  ca. 36 ° C, which greatly increased their activity. 
In the case of the active Landschiitz and Ehrlich cells most  of the measurements  were made 
at room temperature,  as the cells moved so actively at  36°C tha t  measurements  were difficult 
to record. 

In the earlier experiments, Worthington or G.B.I. ribonuclease was used, the initial concen- 
tration being zo mg/ml saline. In the  later experiments, ribonuclease prepared from beef pancreas 
and purified by chromatography was kindly supplied by Mr. Avzs, the concentration in this case 
being 6 mg/ml  saline. A second sample from this source was used at a concentration of io mg/ml. 

EXPERIMENTAL RESULTS 

I n  t h e  c o n t r o l  e x p e r i m e n t s ,  a d r o p  of cell s u s p e n s i o n  w a s  m i x e d  w i t h  a d r o p  of  s a l i n e  

a n d  t h e  v o l u m e  of  t h e  f lu id  a d j u s t e d  be fore  c o v e t i n g  w i t h  a c ove r s l i p  a n d  s e a l i n g  

Re]crevices p. 537. 



VOL. ~l} (1956) ACTION OF R N A S E  ON NEOPLASTIC GROWTH I l i  531 

in the usual way. In the experiments where the cells were treated with ribonuclease, 
the enzyme was dissolved in saline, a drop of this solution was added to  a drop of 
the cell suspension, and  the preparation sealed as above. 

Ehrlich and "active" LandscMitz cells 

The table below gives the general picture of the results obtained. In the ease of cells 
treated with enzyme the most usual effect was to obtain a maximum in the mass 

T A B L E  I 

StTain Age of implant Cllasge* % 
• E = EItTliek 
L = LandschiUz (days) per cell 

t(min) 
Biochanical data 

RNAIDNA ProtcinlDNA t(min) 

E 3 - - 1 8  60 
M I3 35 

L 3 o 60 
o 60 

L 3 ( +  15 M 6 2  60 
day  fluid) 

L 5 ( +  13 M 2 7  75 
day  fluid) 

L 5 ( +  5 o 6o 
day  fluid) 

E 6 M 7 I6  
M i x  3 ° 

L 6 - - i o  60 
o 60 

M 5 o  M 7 o  60 

- - I  5 - - I O  60 

E 6 - -  25 60 
o 60 

E 6 M 2 o  25 
M 9 3 ° 

L IO - -  6 6o 
O ~60 

M 25 M t 5 60 

L xo o 6o 
S a m e  m o u s e  

L xo M 25 45 z x-day M 25 60 
M x 3 5 ° M 33 

L 12 - - I 2  60 M 9 M z 3 60 
M IO 55 

* The symbol  " M "  before the  percen tage  change  indica tes  t h a t  a m a x i m u m  was ob t a ined  a t  
t he  t ime  s ta ted .  The  % increase was ca lcu la ted  be tween  the  read ing  a t  zero t ime,  ob t a ined  by  
ex t rapo la t ion ,  and  the  read ing  a t  the  t ime  of the  m a x i m u m .  

A pos i t ive  (negat ive)  sign indica tes  t h a t  there  was a progress ive  increase (decre~Lse) in mass,  t he  o~, 
change  being ca lcu la ted  be tween the  read ing  a t  zero t ime  and the  read ing  a t  6o min. 

S u m m a r y  

Tota l  No. of cells 22; M a x i m a  IO; Decrease 5; No definite effect 7. 
Mean va lue  of mass  m a x i m u m  (~o readings) ~ -o %. 
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readings, this max imum occurring at times which varied from 16 min to 75 min after 
the initial mixing of the cell suspension and the enzyme solution. This was followed 
by  a slow decrease in the mass of the cell. In  extreme cases the cell was finally com- 
pletely disrupted, after periods varying from i h onwards. In the later stages of 
enzyme t rea tment  the formation of regions of high mass in the nucleus of the cell 
was also observed. 

Following the results obtained by chemical methods and previously described 15, 
the greatest increase in mass was obtained in the case of tumour  cells from a young 
implant,  suspended in ascitic fluid from an old implant. Graphs of mass against time 
were plotted in all cases, and the results obtained with twenty  two sets of measure- 
ments  are summarised in Table I. The most striking example of a mass maximum, 
obtained by both methods of measurement,  is shown in the curve of Fig. 3. 

X • 

220 
Fig. 3. Changes  in mass  with t ime  of 
asci tes  t u m o u r  cell unde r  t r e a t m e n t  wi th  20C 
r ibonuclease.  C y t o p l a s m Q  ; Nuclear  sap-- ' ;  

Nuclear  inclusions Ak. 

~4C 

13C 

120 I 

0 

18C 

16C 

14(, 

12C 

10(, 

~b do 2b ,b go 6b rb 8b io ~ ~on~l,, 

do ,b go do ~ ,'2o ~o ,~ ,~ 2bo ieo,~1,j 

Fig. 4. Mass readings  aga ins t  t ime  for 
ascites t u m o u r  cell (Control exper iment) .  

Slow-growing Landschiitz turnout cells 

The cells in this case were most ly  very inactive, being rounded up, and put t ing out 
few pseudopodia. The enzyme t rea tment  appeared to have very little effect, either 
visually or in the mass readings (see Table II). 

Slow-growing Landschi~tz calls incubated at about 36 ° 

The cells were much more active when incubated, and the general effect was again 
a maximum in the mass readings as in Section I. The accuracy of the measurements 
was less than in the first group, owing to cell movement.  

Control experiments 

These were  carried out with Ehrlich and Landschfitz tumour  cells at room tempera- 
ture, and with the slow-growing Landschfitz cells at  36°. In  most  cases, no effect or 
a slight decrease (as in Fig. 4) were observed. 

References p. 537. 



VOL. 2 0  (x956) ACTION OF RNASE ON NEOPLASTIC GROWTH III 

TABLE II 

533 

Age ol implan~ % Ckange t(min) 
Strain (days) in mass 

Bi oclwmical mea.s 'u r~s  

% C~rdg# in % CIm~gc itt 
RNA IDNA proteinlDNA Vmin) 

L 3 (+ M 20 35 
tyrode soln) o 4 ° 

L 6 o 55 
-- 6 6o 

L 6 (+ z 7 o 60 
day fluid) o 6o 

L I I  - -  8 4 5  

+ z4 50 

o o 60 

- - 6  - - 3  6o 

Summary:  No. of cells 8; No. of m a x i m a  z; Increase  i ;  Decrease  2; No definite effect 4. 

Value  of m a x i m u m  2o, 

T A B L E  III 

Stva~ Ag# ol impla~ % Clms~e 
(awe) p., cen t( , ~ )  

L 7 M x 3 35 
M xx 3o 

L 8 M I9 50 
O 

M 23 35 

Summary : No. of read ings  5; M a x i m a  4; Decrease  - - ;  No  definite effect x. 
Mean value of mass maximum = x 7 %. 

T A B L E  IV 

Age o4 ~ % O.,.se 
{days) i~ ,,urn t( ~ ) "  

I n c u b a t e d  { 
a t  ca. 360 

L 3 o 60 
- - I 2  6o 

E 5 o 6o 
o 6o 

E 6 M 8 6o 
o 6o 

L 6 o 6o 
M 5 6o 

E 7 o 6o 
o 6o 

L 5 - -  8 60 
- - x 8  6o 

L 7 -- xo 60 
-- IO 6 0  

Summary: No. of cells x4; M a x i m a  2; Decrease  5; No effect 7- 
M ean  va lue  of m a s s  m a x i m u m  ~ 7 %.  
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Visual observation o/cell behaviour 

In the active cells described in Section I, the appearance of the cells was as shown 
in Fig. 5c, i.e. there was considerable membrane activity. By cin6 filming of the 
ascites cells at 380 C, it was observed that the cell membrane was in continuous un- 
dulating motion. This was accompanied by the putting out of long branching pseudo- 
podia, and was observed to be associated with the active intake of droplets of the 
medium (Fig. 5d). In the slow-growing type cells of Section II, there was very much 
less membrane ac t iv i ty-- the  cells were more rounded and pseudopodia put out were 
fewer in number and much smaller (Fig. 5a). 

0 O  0 

0 b 

OOc 

¢3 a 

Fig. 5 and Plate. Interference microscope photographs of ascites tumour cells. Contrast set to 
bring out cell membrane and cell borders. (a) Slow-growing Landschiitz cells at room temperature, 
showing very small degree of membrane activity (Ioo X shearing objective). (b) Slow-growing 
Landschfitz cells at 38.5 ° C, showing increased membrane activity (ioo x shearing objective). 
(c) Ehrlich Ascites cells at room temperature, showing a degree of activity comparable to that  of 
the Landschiitz cells at 38.5°C (IOO × shearing objective). (d) Ehrlich Ascites cells,at 38.5 ° C. 
Movements are too rapid for still pictures. Two shots of the same cell from time-lapse cin~ film 

are shown. Drop of medium taken up by pinocytosis can be seen. 
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The visual effect of ribonuclease was initially to cause a rounding up of the cell 
and the disappearance of the thin branching pseudopodia normally observed. This 
was followed later by the spreading out of the cell membrane in a thin halo round 
the cell, and the formation of many balloon-shaped pseudopodia, accompanied by 
a high degree of cellular movement.  These rounded pseudopodia spread out rapidly 
from the cell membrane and then suddenly snapped back. 

I t  was observed that  the effect of the enzyme on the cells, as shown by obser- 
vation and mass measurements, was always greater when the cells were originally in 
an active state and showed much membrane activity. In the case of the slow-growing 
suspensions where little-membrane act ivi ty could be seen, the enzyme produced little 
or no effect. 

DISCUSSION 

Mass changes in living cells 

In the experimental section, it was mentioned that  the ascites tumour cells are nor- 
mally in a highly active state associated with undulating motion of the cell membrane 
and uptake of drops of medium (pinocytosis). In an actively growing turnout,, the 
cells are taking up material from the medium at a greater rate than the rate of loss. 
The mass of the cell will increase continuously until it reaches a value which is double 
that  of the original daughter cell and will then divide. Cells normally divide at inter- 
vals of 1-2 days. Within the period of one hour an increase in mass of not more than 
4% would be expected to occur even under ideal conditions. With a deficient medium, 
a temperature lower than 3 °0 C, or with unhealthy cells the expected increase would 
be even smaller. The control experiments using the interference microscope indicate 
that  this is the case; in only two out of fourteen experiments were slight increases 
in mass observed and these were about the limits expected for normal growth. Bio- 
chemical measurements indicate no significant increase of ribosenucleic acid or protein 
during this period. 

In any heterogeneous collection of cells, as in an ascites tumour, there will be 
a proportion which are in an unhealthy state. The rate of uptake of material will be 
less than the rate of loss; the mass of the cell will slowly decrease until cytolysis 
and death finally ensue. A certain proportion of control experiments (~35%)  with 
the interference microscope indicate this effect; biochemical controls also (~4o%)  
show a decrease in ribose nucleic acid and protein. 

The stimulating effect o/ribonud*ase 
A time-lapse cin6 film indicates that  in the presence of ribonuclease, the cells are at 
first stimulated. There is a retraction of the very fine pseudopodia but an increase 
in the rate of movement  of the cell membrane. The mass readings indicate that  in 
the case of fast-growing cells between 5 and I I  days old, or with younger cells in 
old fluid, a maximum in the mass readings is observed within one hour, the magnitude 
of this increase being beyond the range expected for normal growth. The biochemical 
data  also indicate an increase in the RNA/DNA and protein/DNA ratios in a high 
proportion of similar experiments. In a few cases there is a steady decrease of mass, 
as occurs also in the case of young cells treated with ribonuelease. These presumably 
correspond to those cases in control experiments where a gradual disintegration of 
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the cells is taking place. They also give rise to a decrease in RNA/DNA and Protein/ 
DNA ratio. Even in those cases which show the stimulation, the increase in mass 
is also followed by a slow decrease during which time the cellular structure is con- 
tinuously breaking down. 

I t  may  be suggested that  an increase in the RNA/DNA ratio does not necessarily 
indicate an increase in the amount of ribose nucleic acid. But the interference micro- 
scope measurements indicate that  treatment with ribonuclease leads to an increase 
of nuclear density; at the end of an experiment dense masses can be seen in the 
nucleus. This does not suggest that  there is a decrease of chromosomal DNA, as a 
result of the treatment.  LEDOUX 16 et al. have found in the case of frogs' eggs that  
ribonuclease treatment leads to the formation of basophilic regions in the nucleus. 
KAUFMANN AND DAS 1~ have observed similar effects in nuclei in onion root tips. 

KAUFMAlqN" AND DAS have also observed the stimulating effect of ribonuclease. 
Differentiating cells that  have attained their final degree of polyploidy by a process 
of endomitotic replication of chromonemata can be induced to divide by this treat- 
ment. In vitro studies by HEPPEL 18 have indicated that  the presence of ribonuclease 
stimulated the synthesis of polynucleotides. The present series of observations are 
therefore in agreement with the hypothesis of BRACHET ~° and CASPERSSON 21 on the 
correlation between RNA and protein synthesis. I t  must be pointed out however 
that  the increase in protein/DNA ratio does not necessarily indicate that  new protein 
has been synthesized. Such a change could arise from an increased absorption of 
protein from the medium. In the case of ribose nucleic acid, the evidence suggests 
that  true synthesis has occurred as has already been discussed aS. But the new material 
is of no ultimate benefit to the cell because the stimulation is followed by loss and 
by  eventual breakdown of structure. The growth inhibition produced by ribonuclease 
(LEBOUX 3) may in fact arise from the abnormal stimulation. 

Mechanism o] penetration 

The degree of cellular response to ribonuclease depends upon the act ivi ty of the ceils. 
Those cells which show little membrane activity or pinocytosis, as for example the 
slow-growing Landschfitz at 18 ° C, are apparently unaffected by the enzyme and 
remain stable for long pe:iods. Active cells, showing a high degree of membrane 
activity and pinocytosis show marked visual response and rapid changes of mass. 
The biochemical studies give similar resul ts--marked changes in RNA]DNA ratio 
and protein/DNA ratio only in the case of ceils which are known to be in an active 
state. These results suggest that  the uptake of ribonuclease by the cell is an active 
process involving membrane activity and pinocytosis. 

In this connection it  may be of interest to mention some interesting observations 
of GOLDACRE ~ on Amoeba lbroteus. In the normal culture medium, the amoeba puts 
out pseudopodia and encloses food particles by phagocytosis; pinocytosis does not 
occur. If an amoeba is placed in a solution of ribonuclease of similar concentration 
to that  used in our experiments, the streaming process is reduced. Many small pseudo- 
podia are put out and pinocytosis takes place. Such a phenomenon has been observed 
in the case of certain other proteins by HOLTER 2a. 

I t  WOUM appear that  the use of large protein molecules may have an inherent 
advantage for therapeutic purposes, because they will be taken up most readily by cells 
such as those of fast-growing tumours which are actively transporting the medium. 

Re]erences p. 537. 
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SUMMARY 

The action of ribonuclease, in vitro, on a number  of suspensions of living ascites cells, in different 
physiologic~.l conditions, has been followed and measured by interference microscopy. 

The results show tha t  ribonuclease can produce an impor tan t  initial increase in the cellular 
mass (biochemical estimations, made in parallel, indicate t ha t  the RNA/DNA and protein/DNA 
ratios increase during this first phase of the enzyme action) together with a large speeding up 
of membrane movements and the appearance of cellular deformations. 

This st imulation is followed by a 16ss of mass and, sometimes, by a breakdown of cellular 
structure. This could be in relation with the anti-turnouT properties of ribonuclease. 

The effect of the enzyme depends on the initial s tate of the ceils and the results obtained 
suggest the penetrat ion of ribonuclease to be an active process depending on membrane activity 
and pinocytosis. 
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