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P R O T E I N  S Y N T H E S I S  IN RAT PANCREAS 

I. INTRACELLULAR DISTRIBUTION OF AMYLASE" 

A N N A  K A N E  L A I R D  AND A. D. BARTON 

Division o/Biological and Medical Research, Argonne National Laboratory, Lemont, Ill. (U.S.A .) 

Current interest in protein synthesis has focussed attention on the large-scale synthesis 
of digestive enzymes which takes place in the pancreas a-5, and has led to isolation of 
secretory granules and localization of the digestive enzymes within the pancreas cell 
of the dog*. 

In the present study, the intraceLlular distribution of amylase was studied in rat 
pancreas, and because a large proportion of the amylase activity was found in the 
microsome pellet, as well as in the "soluble" fraction, the microsome material was sub- 
ffactionated in an effort to define the unit with which the amylase is associated. 

MATERIALS AND METHODS 

Male Sprague-Dawley  rats ,  weighing  3oo to 400 g, were used t h r o u g h o u t  the  exper imen t s .  T h e y  
were s t a rved  overn ight ,  or  fed ad libitum, or given pi locarpine by in t raper i tonea l  inject ion (5 m g  
of pi locarpine-HCl in o. 5 ml  of isotonic sod i um chloride per  animal)  as indica ted  in the  resul ts  of 
the  var ious  exper imen t s .  

The  panc reas  was dissected free of  fa t  and  e x t r a n e o u s  connec t ive  t issue,  r insed in isotonic 
sucrose,  and  t hen  s t ra ined  t h rough  a plast ic  t issue mincer .  Panc reas  f rom 6 to 8 ra ts  was pooled for 
each f rac t ionat ion .  The  s t ra ined  t issue was homogenized  in seven  pa r t s  by weight  of o . 8 8 M  
sucrose,  in an  all-glass homogenize r  of  the  DOUNCE type  7. The  h o m o g e n a t e  was  s t ra ined  t h rough  a 
fine s ta in less  steel screen to r emove  smal l  connect ive  t i ssue masses ,  and  the  h o m o g e n a t e  was then  
f rac t iona ted  by differential  cen t r i fuga t ion  as previous ly  described s. In  the  e x p e r i m e n t s  in which 
t he  mic rosome mater ia l  was to be sub- f rac t iona ted ,  the  h o m o g e n a t e  was  first cent r i fuged  a t  
18,ooo × g for 15 minu tes .  T h e  .sediment, which conta ined  the  nuclei, secre tory  granules ,  and  
mi tochondr ia ,  was discarded,  and  the  s u p e r n a t a n t  fluid, which conta ined  t he  microsome mater ia l  
and  soluble protein,  was sub jec ted  to differential  cen t r i fuga t ion  unde r  var ious  condit ions.  More 
detai led descr ip t ion of indiv idual  expe r i men t s  is given in the  RESULTS sect ion.  

The  f ract ions  ob ta ined  were assayed  for amy l a se  ac t iv i ty  by  the  m e t h o d  of MEYER et al. 9, 
s l ight ly  modified, and  were ana lyzed  for p ro te in-n i t rogen  z°, nucleic acids  tz, and  phosphol ip id-  
phosphorus .  For  the  de t e rmina t ion  of phosphol ipid ,  a l iquots  of the  var ious  f ract ions  were precipi- 
t a t ed  with zo % tr ichloroacet ic  acid (TCA), and  washed  twice with 5 % TCA. The  precipi ta tes  were 
then  ex t r ac t ed  twice wi th  e thy l  alcohol, th ree  t imes  with ho t  a l coho l -e the r  (3 : z) and  once wi th  
e thy l  ether ,  and  the  combined  ex t r ac t s  were evapora t ed  to dryness .  The  residues were digosted 
ove rn igh t  a t  a b o u t  I4o°C with 6 N  H2SO4, and  the  digests  were cleared with hydrogen  peroxide.  
The  di lu ted  d iges ts  were hea t ed  in a boiling wate r  ba th  for 3 ° m i n u t e s  and  were ana lyzed  for 
p h o s p h o r u s  by  the  m e t h o d  of FISKE AND SUBBAROW z~. 

RESULTS 

The intracellular distribution of amylase activity in the relatively quiescent pancreas 
from starving animals was compared with that in the relatively active tissue from 
animals which had received pilocarpine by injection either two hours (experiments 

* W o r k  per formed unde r  t he  auspices  of the  U.S. Atomic  Ene rgy  Commiss ion .  
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TABLE I 

I N T R A C E L I . I J L A R  D I S T R I I g U T I O N  * OF A M Y L A S E  A C T I V I T Y  IN RAT P A N C R E A S  

1 r e a t m e n t  l';a p e r i n w n t  ~ ° "  l (  t p e r l . t e n t  2 ° "  I- t p e r i m e n t  ¢" " 

Starvation: 

Homogenate 1oo (1.47"'") too (2.4o''*) loo (3.19"") 
Nuclear fraction 13 3 I 

Mitochondria and 
secretory granules 0 4 t ,  

Microsomes 2() ~ 8 3 ° 
Supernatant fluid 2~ ,t~ -'9 

Pilocarpine: 2 hours 2 hours 15 minutes 
Homogenate xoo (o..54Z*'*) 1oO (1.93"*") 1oo (4.3 s*'*) 
Nuclear fraction ¢1 2 r 
Mitochondria and 

secretory granules 7 0 7 
Micros<~mes 32 "5 25 
Supernatant fluid 15 t S 25 

* :ks % of amylase activity of unfractionated homogenate. 
" *  in experiments 2 and 3. the homogenate was filtered through a fine stainless steel screen 

before separation of the fractions. The lower % recovery of amylase in the nuclear fraction in these 
experiments is probably due to a lower proportion of contaminating whole cells. 

mg x Io 4 maltose produced in 3 ° minutes per mg I)NA of unfractionated homogenate. 

I and 2) or 15 minutes  (experiment 3) before sacrifice (Table I). In  each experiment,  
the material  from the two types of tissue was centrifuged s imul taneously  in the same 
rotor at  each step in the fractionation. The results of such paired fract ionations are. 
given in "Fable I. In  these early experiments,  recovery of amylase ac t iv i ty  was low, 
ranging from 50 to 8o %. In  par t  this was due to delay of 24 hours or more in assaying 
the act ivi ty,  since in later experiments  a decay of act ivi ty  was demonst ra ted  over this 
period of time, even though the samples were kept at o to 2°C. In  such experiments,  the 
rate of decay of amylase act ivi ty  was greater in isolated secretory granules than in the 
microsomes and snperna tan t  fluid fractions, but  was appreciable in all fractions, 
amount ing  to about  3o% for the microsomes and  50% for the secretory granules in 
24 hours. Even if all the missing act ivi ty  were assumed to have been derived from tile 
secretory granules, it is evident  from Table I that  about  50°..0 of the total amylase 
act ivi ty  of rat pancreas was recovered in association with the microsomes and super- 

na tan t  fluid. 
In  pancreas of starw~d rats, in which relatively little secretory act ivi ty  is taking 

place, the ext ra-granular  amylase is about  equally divided between the microsomes 
and superna tan t  fluid in o.SS:lJ sucrose. However, when the gland is s t imulated to 
secrete, either by pilocarpine or by feeding, the loss of amylase is greater from the 
snperna tan t  fluid, with the result tha t  the dis t r ibut ion of this enzyme then faw)rs the 
microsome fraction. This predominant  loss of amylase from the supe rna tan t  fluid 
fraction during secretion has been observed in all the experiments  tha t  we have 
carried out. 

In  two experiments  that  are not described in detail in the present report, the 
secretory granules were isolated by the method of [-t'OKIN e, modified for use with 
o.SSM sucrose. Although the secretory granules were not obtained completely free 
from contaminat ion  with other cytoplasmic components,  the amylase act ivi ty  of this 

2¢,.[crc,ces p. ¢,2. 
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T A B L E  I I  

BIOCHEMICAL PROPERTIES OF MICROSOME PELLETS SEDIMENTED FROM DIFFERENT MEDIA, 
AT IO~,O00 >( g )< 60 MINUTES 

Amylase RNA Pho5 pholipid- P Protein-N 

A. Quan t i t i e s  s ed imen ted"  : 
o .88M sucrose i i .o 4.I3 0.207 
0.25 M sucrose I5.9 5.49 o.255 
o .25M sucrose, pH  5 19.4 IO.O o.446 

B. Concen t ra t ions  re la t ive  to pro te in  n i t rogen:  

0.88 M sucrose 3.98 1.5 ° o.o75 
0.25 M sucrose 4.52 1.56 o.o72 
0.25 M sucrose, pH  .5 2.27 1.I 7 0.052 

o.25,~f sucrose, pH 5 
. . . . .  o.5o 0.75 0.73 

0.25 M sucrose 

2.76 
3.52 
8.52 

" RNA,  phosphol ip id-P ,  and  p ro te in -N:  mg  per  g ram equ iva l en t  of pancreas .  Amylase :  mg  × 
io  4 mal tose  produced in 3 ° m inu t e s  a t  37°C per  g ram equ iva l en t  of pancreas .  

fraction with respect to protein-nitrogen was two to three times that  of any of the 
other cell fractions, in agreement with the results of HOKIN with dog pancreas 6. 

In order to study in more detail the extra-granular amylase, the microsome 
material was subjected to two types of sub-fractionation procedure: in one, the 
centrifugal force and time were kept constant while the concentration and pH of the 
medium were varied; in the other, the medium was kept constant, and the centrifugal 
force was varied. The results of the former type of procedure are shown in Table II .  As 
would be expected, higher proportions of all the constituents studied were sedimented 
when the concentration (and consequently the viscosity and density) of the medium 
was reduced. When the diluted medium was brought to pH 5 by the addition of a few 
drops of o.2 N acetic acid, still larger quantities of the constituents were sedimented 
(Table IIA). The composition of the larger pellets thus obtained was similar to that 
obtained in the unbuffered o.88M sucrose medium (Table IIB), although it is evident 
that  reducing the pH resulted in the sedimentation of additional protein which was 
associated with RNA and phosphollpid, but not with amylase activity, since it is 
evident from the values of the ratios given in the last line of Table I IB that the ratio 
of amylase activity to protein nitrogen has decreased to a greater extent than has the 
ratio of phospholipid-phosphorus or RNA to protein-nitrogen. 

Entirely different results were obtained when successive sub-fractions of the 
microsome material were sedimented from an isotonic sucrose medium by means of 
graded increases in the gravitational force applied (Table III) .  These three experi- 
ments gave consistent results in spite of differences in the condition of the animals and 
in the preparation of the homogenate. In the first experiment the animals were starved 
overnight, while in the last two experiments the animals were allowed to feed ad libi- 
turn, with the result that  both the total quanti ty of amylase and the proportion of the 
amylase in the supernatant fluid were lower in the latter. In both the first and second 
experiments, the pancreas was homogenized in o.88M sucrose, and subsequently the 
mitochondrial supernatant fluid was diluted to bring the sucrose concentration to 
o.25 M before the microsome sub-fractions were sedimented; in the third experiment, 
the pancreas was homogenized in o.25M sucrose. In contrast to the experiments 

J¢~e/erences p. 62. 
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TABLE III  

B I O C H E M I C A L  P R O P E R T I E S  ~ O F  M I C R O S O M E  PELLETS P R E P A R E I )  BY 

D I F F E R I * N T I A L  C E N T R I F U G A T I O N  IN O . 2 5 1 ~ I  SUCROSE" 

.4rn),lase 1'.' P,.'A l 'ho.¢pholipid-P l ' r . h ' i n - . \  

o o/ 
% . t  Rel. % o/ R¢I. % . )  Rel. 

t . ta l  total °* acttt'ity °** total** conch, total** conch. 

Sediments : § Experiment  ! 
25,000 ;< g 31 2"5 . . . . . .  #7 
75, °oo × g !4 2.i --- l 7 

1 0 5 , o o o  X g I 3 I . O  . . . .  l I 

Supernatant  fluid 28 3.7 - -  " ~ 4 

Sediments : § Experiment  2 
25,oo° × g 37 o.9[ 3.5 1.4 6t 
75,00o × g 8 o.76 13 2.i ,q 

1o5,ooo :< g 5 0.60 11 2. 5 t 
Supernatant  fluid 20 0.54 l 8 0.80 6 

Sediments : § Experiment  3 
25,000 × g 43 0'95 35 1"5 7 8 
75,000 × g 6 0.70 !o 2.0 8 

I O 5 , O O O  ;': g 9 0 . 6 0  1 6  2.2 6 
Supernatant  fluid 19 0.45 t 5 o.69 3 

O .  I 0 1 ¢) 

0 . 0 4  I [ 

o.oI 23 
~ o . o t  25 

o . i  I 3 ° 
0.05 
O . O I  (') 

O.O1 2 8  

O . I  I ~O 

0.05 6 
0 . 0 2  l O 

o.oi 27 

" Relative activities and concentrations per mg protein-nitrogen in each fraction. 
"" Total = total  activity or total  mg measured in the unfraetionated supernatant  fluid obtained 

after sedimentation of nuclei, secretory granules, and mitochondria a t  I8,ooo × g × 15 minutes. 
*"" mg maltose produced in 30 minutes at  37'C, per nag protein-nitrogen. 

§ In all cases the 25,ooo × g and 75,ooo × g sediments were obtained by centrifuging for 3 ° 
rain, and the m5,ooo × g sediments by centrifuging for 90 rain. 

d e s c r i b e d  a b o v e ,  t i le  m i c r o s o m e  s u b - f r a c t i o n s  o b t a i n e d  in  t h e s e  e x p e r i m e n t s  were  

d i s t i n c t l y  d i f f e r en t  f r o m  one  a n o t h e r .  T h e  s e d i m e n t  o b t a i n e d  a t  lO5,OOO ;< g d i f fe red  

f rom t h a t  o b t a i n e d  a t  25 ,ooo × g b y  a f a c t o r  of 5 to  IO in t h e  r a t i o  of p h o s p h o l i p i d -  

p h o s p h o r u s  to  p r o t e i n - n i t r o g e n ,  a n d  b y  a f a c t o r  of 1. 5 to  2 in  t h e  r a t i o  of R N A  or of  

a m y l a s e  to  p r o t e i n - n i t r o g e n .  
I n  a t h i r d  p a i r  of e x p e r i m e n t s ,  m i c r o s o m e  s u b - f r a c t i o n s  we re  s e d i m e n t e d  in 

o.88 M s u c r o s e ;  t h e  r e s u l t s  a re  g i v e n  in T a b l e  IV.  1ia t h i s  ease,  t h e  n f i c r o s o m e  m a t e r i a l  

was  s e d i m e n t e d  in  two  s u b - f r a c t i o n s ,  t h e  f i rs t  a t  3o ,o0o × g a n d  t h e  s e c o n d  a t  IO5,OOO 

× g. S ince  t h e  t o t a l  p r o t e i n  in  t h e  t w o  s u b - f r a c t i o n s  f rom o . 8 8 3 I  suc ro se  is s i m i l a r  to  

t h e  t o t a l  p r o t e i n  s e d i m e n t e d  f rom o.25 M suc rose  a t  25 ,oo0 × g a n d  75 ,ooo • g 

( T a b l e  I I I ) ,  a d i r e c t  c o m p a r i s o n  of t i le  r e s u l t s  of t h e  two  p r o c e d u r e s  is poss ib le .  I t  is 

e v i d e n t  f r o m  t h e  d a t a  g i v e n  in  T a b l e  IV  t h a t  for  e i t h e r  p i l o c a r p i n e - t r e a t e d  or  s t a r v e d  

p a n c r e a s ,  t h e  m i c r o s o m e  s e d i m e n t  o b t a i n e d  in  0 .88 37 suc rose  a t  3o ,ooo x g is essen-  

t i a l l y  i d e n t i c a l  in i t s  b i o c h e m i c a l  p r o p e r t i e s  to  t h a t  o b t a i n e d  a t  lO5,OOO × g on  t h e  

b a s i s  of t h e  r a t i o  of a m y l a s e  or  of R N A  or  of p h o s p h o l i p i d - P  to  p r o t e i n - n i t r o g e n .  On  

t h e  o t h e r  h a n d ,  t h e  s e d i m e n t  o b t a i n e d  in  o.25/1I  suc rose  a t  25 ,ooo x g d i f fered  f r o m  

t h a t  o b t a i n e d  a t  75,ooo .~. g b v  a f a c t o r  of 1. 5 to  2 in  t i le  r a t i o  of R N A  a n d  of p h o s -  
p h o l i p i d - P  to p r o t e i n - n i t r o g e n .  T h e  r e s u l t s  g i v e n  in T a b l e  IV a re  t y p i c a l  of t hose  

o b t a i n e d  to  d a t e ,  in  t h a t  t h e  r a t i o  of a m y l a s e  to p r o t e i n - n i t r o g e n  in t h e  m i c r o s o m e  a n d  

s u p e r n a t a n t  f lu id  f r a c t i o n s  of t h e  s t a r v e d  p a n c r e a s  is c o n s i s t e n t l y  m u c h  h i g h e r  t h a n  

t h a t  of t h e  a c t i v e l y  s e c r e t i n g  p a n c r e a s .  

Rcfer,'m cs p. 62. 
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T A B L E  IV 

B I O C H E M I C A L  P R O P E R T I E S *  O F  M I C R O S O M E  P E L L E T S  P R E P A R E D  B Y  D I F F E R E N T I A L  C E N T R I F U G A T I O N  

IN 0.88291 S U C R O S E  

A mylase RNA Phospholipid-P 

% o/ Rel. % o/ Ret. % o/ Rel. 
total"  agtivigy ° ' °  total" ~ m n .  total*" conch. 

Protein-N 
% ot 

total~ * 

P i l o c a r p i n e - t r e a t e d :  

Sed imen t s  : § 
3o,ooo x g 41 2.2 36 i . l  5 ° o . io  28 

IO5,OOO x g 2i 2. 5 17 I . t  24 o . io  13 
S u p e r n a t a n t  fluid 28 i .o 25 0.5 ° 21 0.028 4 x 

S t a r v e d :  

Sediments  : § 
30,o00 × g 25 5.o 31 0.84 34 o-079 27 

lO5,OOO × g 20 6.o 22 o.88 24 o.o85 17 
S u p e r n a t a n t  fluid 43 5.0 23 0.35 I8 o.025 44 

* Re la t i ve  ac t iv i t i e s  and  concen t ra t ions  per  mg pro te in -n i t rogen  in each fraction.  
* * Tota l  = to ta l  a c t i v i t y  or to ta l  mg measured  in the un f rac t iona ted  s u p e r n a t a n t  fluid ob ta ined  

a f t e r  s ed imen ta t i on  of nuclei ,  secre tory  granules ,  and  mi tochondr i a  a t  I8,ooo x g x 15 minutes .  
*** mg  mal tose  produced  in 3 ° min  a t  37°C, per  mg pro te in-n i t rogen .  

§ The 3o,ooo × g sed iments  were ob ta ined  by  cen t r i fug ing  for 3 ° rain, and  the  ~o5,ooo × g 
sed imen t s  were ob ta ined  by  cen t r i fug ing  for 6o min.  

The considerable differences between the microsome sub-fractions obtained by 
varying the centrifugal force in o.25M sucrose are in clear contrast to the close 
similarities in the biochemical properties of the sub-fractions obtained by varying the 
concentration of the medium or by  varying the centrifugal force in o.88M sucrose. 

DISCUSSION 

HOKIN 6 has shown that the secretory granules of dog pancreas contain amylase ac- 
tivity in higher concentration than any of the other cell fractions, and this was found 
to be the case in the present study. However, from the results in Table I, it is evident 
that  a large part  of the amylase activity of rat  pancreas was also recovered in the 
microsome and supernatant fluid fractions. The finding of a large proportion of the 
amylase activity in association with the microsome fraction is quite different from the 
results of HOKIN 6, who found that the microsome fraction of dog pancreas was the only 
one essentially free of amylase activity. This discrepancy may be due to species differ- 
ences, or it may  be that  the microsome fractions obtained by the two different proce- 
dures are not the same. In mouse pancreas, it has been reported that 4% of the amylase 
remains associated with the microsomes in spite of careful washing and treatment with 
ribonucleasO. The presence of a large amount of amylase in the supernatant fluid has 
been observed in other studies 2,6. 

I t  is possible that  the amylase activity is localized to the secretory granules in the 
intact tissue, but is found in the microsomes and supernatant fluid after cell fractiona- 
tion because of disruption of the secretory granules and consequent solubilization of 
the enzyme protein, as suggested by HoKI~ 6. In rat  pancreas, however, where so large 
a proportion of the activity is recovered in the microsome fraction, it becomes neces- 
sary to assume in addition an extensive adsorption of the soluble enzyme protein to 
R e [ e r e n c e s  p .  62 .  
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the microsome particles (c/.la). Recently ROSE,~rH.\L ct al. ~'t have demonstrated that 
when liver homogenates are prepared ill sucrose, arginase activity is adsorbed to those 
particulate fractions that  arc characterized by a high concentration of nucleic acids, 
especially tile nuclear and microsome fractions, but that such adsorbed activity can 
be eluted from these fractions to the extent of about 90% by a single extraction in a 
me(lium containing ions. In the present study, the nuclear fraction was essentially free 
from amylase activity when contamination by whole cells was reduced by t)revious 
filtration of the homogenate (experiments 2 and 3, Table I). Furthermore, in experi- 
ments to be publishe.d elsewhere in greater detail, we have found that not more than 
50 to 70 % of the amylase activity can be eluted from the microsome material by 
extraction with sodium chloride in concentrations up to 4% ; the residual activity can 
be solubilized only when the microsome material is brought into solution with sodium 
desoxvcholate, l~'urthermore, although it is not ruled out completely, interpretation of 
the present data in terms of simple adsorption is unlikely for three reasons: Firstly, 
there are consistent physiological changes in the distribution of activity between the 
microsomes and the other amylase-containing fractions when the relatively quiescent 
pancreas of the starving animal is stimulated to secrete, either bv feeding or by 
pilocarpine. Secondly, the amylase activity in o.8S M sucrose is apparently associated 
with a complex, containing i)hospholipid, RNA, and protein, that  is broken during 
preparation into fragments resembling one another in composition, but differing in 
sizO 5, as indicated by the consistent ratios of amylase, RNA, and phospholipid- 
phosphorus to protein-nitrogen in the various microsome sub-fractions obtained by 
reducing the concentration of the medium and by differential centrifugation in o.88 3[ 
sucrose. The third argument against adsorption is that in spite of this consistencv in 
the relation of amylase to the other inicrosome constituents within one set of experi- 
mental conditions, the ratio of amylase to the other constituents varies considerably 
with the physiological state of the pancre.as, but is not directly a function of the total 
pancreatic amylase activity nor is it directly related to the proportion of the amylase 
activity found in the secretory granules and in the supernatant fluid. It  is t)ossible, 
however, that the. adsorptive capacity of the microsome particles varies with the 
physiological state of the l)ancreas, and if so, this might be an important factor in 
protein synthesis. 

If  these l)hysiological changes in the association of amylase, with the microsome 
fraction are representative of the conditions inside the living pancreas cell, then, in 
keeping with the demonstrated importance of the microsome fraction, and esl)ecially 
the ribonucleoprotein components thereof, in the uptake of amino acids into protein ~6, 
it is quite possible that the mature enzyme protein is manufactured there, and liber- 
ated into the supernatant fluid as a soluble protein, to be organized, possibly 1)y the 
(;olgi substance 5, for storage in the secretory granules. I t  is noteworthy that in the 
experiments in which a dissociation of the microsome complex was demonstrated, i .e. ,  

after differential centrifugation of suspensions in o.25 M sucrose, no consistent relation 
could be shown between the amylase activity and any of the other microsome con- 
stituents. I t  is probable therefore that  if the amylase protein is synthesized in elements 
of the microsome fraction, the new amylase is not associated with the minute ribo- 
nucleoprotein granules alone, but with the whole ergastoplasmic complex, which 
consists of a vesiculated lipoprotein reticulum, to which the ribonucleoprotein granules 
are attached ~s. 

Re/erences p. 62. 
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S U M M A R Y  

The  int racel lular  d is t r ibut ion  of amy l a se  in ra t  pancreas  has  been s tud ied  by  differential  cen t r i fuga-  
t ion of pancreas  homogena te s .  A l t h o u g h  the  secretory g ranu les  showed h igh  ac t iv i ty ,  a t  leas t  half  
the  a m y l a s e  ac t iv i ty  was  recovered in t he  mic rosome and  s u p e r n a t a n t  fluid r-act ions,  i n  t h e  l a t t e r  
fract ions,  the  propor t ion  of the  to ta l  enzyme  ac t iv i ty  and  the  concen t ra t ion  of a m y l a s e  ac t iv i ty  
relat ive to pro te in-n i t rogen  showed cons is ten t  var ia t ions  with changes  in the  secre tory  s t a t e  of t he  
gland.  Appa ren t ly  some  of the  amy l a se  is associa ted  wi th  the  endoplasmic  r e t i cu lum in the  l iving 
pancreas  cell, and  dur ing  homogeniza t ion  in 0.88 M sucrose t h e  endoplasmic  re t icu lum is broken 
into pieces resembl ing  one a n o t h e r  in composi t ion  b u t  differ ing in size. D u r i n g  exposure  to o .25M 
sucrose  some  dissociat ion of the  componen t s  of th is  ma te r i a l  t akes  place, b u t  when  such  dissocia-  
t ion occurs  t he  amy la se  prote in  is no t  preferent ia l ly  assoc ia ted  wi th  e i ther  the  r ibonucleoprote in  
granules  or the  l ipoprotein re t i cu lum of t he  microsome fraction.  
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S Y N T H E S I S  OF N U C L E I C  ACIDS IN  U L T R A V i O L E T - T R E A T E D  

ESCHERICHIA  COLI* 

R. M. I V E R S O N  AND A. C. G I E S E  

Department o/Biological Sciences, Stan/ord University, Stan/ord, Call]. (U.S.A .) 

Starvation increases the sensitivity of protozoa 1, ~ and of yeast (unpublished obser- 
vation) to ultraviolet (UV) radiations, in the latter case the absence of nitrogen 
compounds being especially effective in this respect. On the other hand DEMEREC 
AND LATARJET 3 have shown that Escherichia coli B/r is 2-3 times more resistant to 
UV in the resting than in the growing state, and WITKI.~ 4 using the same strain 
showed that the bacteria are more resistant to UV in the lag phase of a culture than 
in any other phase of the growth cycle. 

* Suppor ted  in"par t  b~, funds  m a d e  avai lable  by  con t rac t  C- I799(C3R ) M and  G, wi th  the  
U.S .  Public  Hea l th  Service. 
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