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~ASPERSSON 1 and BRACHET 2 and their collaborato~ 
ring cells (e.g., the acinar cells of the pancreas and tl 
rapidly dividing cells (e.g., growing bacteria, embr} 
,in high concentrations of ribonucleic acids (RNA) 
vations as evidence for a functional relationship 
msis. 
.~UBERNIEV AND IL'INA 3 reported that  when glandula 
by the intravenous injection of pilocarpine there w 
poration of a2p into the "nucleoproteins" (isolated by 
"NHAUSER 4) of pancreas (I2OO%), parotid (400%) and 
the stimulation of enzyme secretion was accompan 
ne synthesis, and they thus regarded their finding 
Lesis of nucleic acids and proteins in digestive glan, 
made earlier by LANDSTR6M-HYDEN, AQUILONIUS 

ogical studies of the pancreas in different functional 
Pancreas slices in vitro afford a means of studying el 

lanamar secrenon was snmula tea  
were increases in the rates 

the method of SCHMIDT AN 
and liver (5oo%). They assume 
.panied by an increased rate 

gs as evidence for a parall 
l a n d s - - a  suggestion which ha 

AND CASPERSSON 5 from the 
states. 

enzyme synthesis and enzyrr 
,ntrolled conditions 6, 7. The present report deals with studi( 
lship between the incorporation of 32p into tile nucleotid( 
;is and enzyme secretion. 

for 4 8 hours  or given food ad lib., as indicated. When enzy~ 
carbamylchol ine was injected in t ramuscular ly  I hour  before killin 
incubated as previously described6,7, 8. Approximate ly  5o #C 
ssel. Bicarbonate  saline (KREBS AND HENSELEIT*) was used throug  
,o//o COe in O 2 (aerobic experiments)  or 7 ,% CO2 in N 2 (anaerob 
(o.o2 M final concentrat ion) and glucose (2oo m g %  final conce 
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:er Ins t i tu te  of Canada, 

incorf 
THAN 

that  
enzyme 
synthesis 
been 
cytolo~ 

Pa 
secretion separately under con1 
in this system of the relationshi 
of RNA and enzyme synthesis 

Preparation and incubation o/ tissues 
Pigeons were ei ther fasted 

ynthesis  was studied, o.15 mg of 
The slices were prepared and 
NaH232po 4 was added to each vessel. 
out.  I t  was gassed wi th  either 7 o//o 
experiments) .  Sodium py ruva t e  
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Jcleot ides could be o b t a i n e d  free of a l l  c o n t a m i n a t i n g  a~p 
le thod  app l i cab le  to  q u a n t i t i e s  of panc reas  t i s sue  we igh ing  as 
ied all  d a t a  p resen ted  here  are  f rom e x p e r i m e n t s  us ing  the  m 
l ight ly  modif ied form, as follows. 
rhe  res idue  r e m a i n i n g  a f te r  e x t r a c t i o n  of ac id-soluble  and  l ip 
d of IO % NaC1 a t  IOO ° C. Two vo lumes  of 95 % e thano l  were 
le m i x t u r e  was k e p t  a t  o ° C for a b o u t  3 ° minu tes .  The resu l t in  
f i tate  was  washed  twice  wi th  95 % e thano l  and  dr ied  i n  vacu  
ml of o. 3 N K O H  a t  37 ° for 18 hours.  Af te r  hydro lys i s  the  

).I 5 M HC104 a t  o ° C. The desoxyr ibonuc le ic  acid (DNA) and  
emoved by  cen t r i fuga t ion ,  and  the  s u p e r n a t a n t ,  c o n t a i n i n g  
out p H  4 w i t h  0. 3 N KOH.  The nuc leo t ides  were then  rea( 
per. 
['he m e t h o d  of ionophores is  combined  fea tures  pub l i shed  by  D 
;TANIER 1~ and  MARKHAM AND SMITH 10. The nuc leo t ides  were 

of W h a t m a n n  No. 3 MM pape r  s t r ips  (IO cm × 57 cm), 16 
t a i r  f rom a commerc ia l  ha i r  drier.  The r ibonuc leo t ides  o b t  
tpp l i ed  to  each s t r ip .  The ionophores is  a p p a r a t u s  cons is ted  of 

cm wide  × io  cm high),  which  l a y  a ga in s t  the  ends of two 
× IO cm high), l y ing  side by  side. Carbon rod e lec t rodes  r~ 
:oughs con ta ined  o.o2 M c i t r a t e  buffer, p H  3.5 n.  The t r a y s  wet  
aper  s t r ips  were w e t t e d  w i t h  buffer, gen t l y  b lo t ted ,  and  pla(  
bed by  CONSDEN AND STANIER 12. The  f rames  c o n t a i n i n g  th 
tonochlorobenzene and the ends of the paper strips were pl~ 
~hen applied from a high tension electronic power supply (ma: 

After e lec t rophores is  the  s t r ips  were i m m e d i a t e l y  r emoved  al 
uc leot ides  were loca ted  by  p h o t o g r a p h y  in the  u l t r a v i o l e t  acc( 
;MITH 1~. The  nuc leo t ides  appea red  as four bands  in the  follm 
~'lic, adenyl ic ,  guany l i c  a nd  ur idyl ic .  The  p a p e r  s t r ips  were sup 

t wo  pe r spex  t r oughs  (58 cm lo 
two  glass  t r a y s  (33 cm long × 27 ( 

r an  the  full  l eng th  of the  t rougl  
's were filled w i t h  monoch lorobenzene  

p laced  in glass  f rames  s imi la r  to  th 
the  s t r ips  were t h e n  submerged  
) laced in the  buffer. A b o u t  12oo 

m a x i m u m  vo l t age  14oo V). Adequ~ 

and  dr ied  in a s t r e a m  of w a r m  a 
accord ing  to  the  m e t h o d  of MARKS2 

fol lowing order  f rom the  s t a r t i n g  l i t  
pe r imposed  over  the i r  pho tog rap l  

bands  were m a r k e d  l i gh t l y  in pencil .  The  b a n d s  were t h e n  cu t  ol 
h in  s t r ips  a b o u t  0. 5 cm wide. The s t r ips  were supe r imposed  o~ 
~r co lumn,  which  was  p ierced  a t  one end and  suspended  direct 
a was  t h e n  d ropped  on to  the  p a p e r  co lumn.  The e lu ted  m a t e r  
)e un t i l  a l i t t l e  over  1.5 ml  had  been col lected.  0. 5 ml  of the  elus 
a to  4.0 ml for d e t e r m i n a t i o n  of the  r ibonuc leo t ide  concen t ra t i c  
vas p i p e t t e d  on to  an  a l u m i n u m  disc (area 3.8 sq.cm) w i t h  slight 
m inf ra- red  lamp.  
: t r a  were de t e rmined  for each nuc leo t ide  in mola r  a m m o n i a ;  t 
~tion found for each nuc leo t ide  was  as fol lows:  cy t idy l i c ,  27o m 
m/~; and  ur idyl ic ,  259 m/~. The op t i ca l  d e n s i t y  of each s ample  

:h and  a t  29o m/*, a p rocedure  p r ev ious ly  e m p l o y e d  b y  MAGASAN 

~S the  difference in op t i ca l  dens i t y  a t  the  two  w a v e l e n g t h s  (Z]) ~ 
e n t r a t i o n  (in /~g/ml). B y  th i s  m e t h o d  the  nuc leo t ide  concen t r a t i  
xpressed  in t e r m s  of /zg  P per  ml. The  fol lowing va lues  were ob t a in  
adenyl ic ,  o.464; guanyl ic ,  0.347; and  ur idyl ic ,  o.23o. 
o t ide  samples  were coun ted  to  ± 3 % accuracy .  No cor rec t ion  t 
s t a n d a r d  p la te  of the  sample  of inorgan ic  asp added  to  the  vess 
ac t iv i t i e s  were expressed  as c o u n t s / m i n / # g  P, and  cor rec ted  to  

wide  
The t rou  
The pape r  
descr ibed 
the  monoch lorobenzene  
were t h e n  
sepa ra t ion  was ach ieved  in th ree  hours.  

Af te r  
The nuc leo t ides  
AND SMITH 13. 
cyt idy l ic ,  
and  the  edges of the  nuc leo t ide  

The  b a n d s  were c u t  i n to  t h i n  
each o the r  to  form a r e c t a n g u l a r  
unde r  a bure t t e .  Molar  a m m o n i a  
was  col lected in a g r a d u a t e d  t u b e  
was  d i lu ted  w i t h  mola r  a m m o n i a  
For  count ing ,  a i .o  ml  sample  was 
e l eva ted  edges and  dr ied  under  an 

U l t r a v i o l e t  ab so rp t i on  spec t ra  
w a v e l e n g t h  of m a x i m u m  absorlE 
adenyl ic ,  26o m/z; guanyl ic ,  256 
read  a t  the  m a x i m u m  w a v e l e n g t h  
el al. 14. 

In  severa l  s t a n d a r d  samples  
d iv ided  by  the  phosphorus  concen t ra t io r  
in rou t ine  e x p e r i m e n t s  could be ex 
for zl//*g P / m l :  cy t idy l ic ,  o.231; 

All p l a t e s  c o n t a i n i n g  nuc leo t ide  
se l f -absorpt ion  was  requi red .  A 
was  a lways  counted .  All specific 
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E. HOKIN, M. R. HOKIN 

gme secret ion was  s t i n m l a t e d  by  chol ine 
a comple te  m i x t u r e  of a m i n o  ac ids  v. 

g round  w i t h  sand  in  3 ml  w a t e r  an( 
r a m y l a s e  assays  7. 2 ml  of 20 % t r ich lc  
~cid soluble  subs t ances  and  the  phosp] 
us ly  s. In  the  ear l ier  e x p e r i m e n t s  the  

and  l ip ids  was  h y d r o l y s e d  in dl4 KO 
AND THANNHAUSER 4. The d iges t  was  

t was  e i the r  c h r o m a t o g r a p h e d  w i t h  7 
r. As descr ibed below, ne i the r  the  c~ 
e te ly  r emoved  all  c o n t a m i n a t i n g  radio~ 

DAVIDSON AND S M E L L I E  11 descr ibed 
con t a in ing  
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i t s  and  specific a c t i v i t i e s  of the  nuc leo t ides  of R N A  and t 
e p h o s p h a t e  es ters  were de t e rmined  as descr ibed  above.  

ncorporation o~ azp into the nucleotides o~ RNA in pa~ 

!t became appa ren t  at  the  outse t  t ha t  the  ra te  of i 
o t ides  of R N A  in pancreas  slices was qui te  low. I t  w~ 
derable  quant i t i es  of a2p (of the order  of 50 / ,C  pet 
pecific ac t iv i t ies  of the r ibonucleot ides  were propor t i  
zithin the  range used expe r imen ta l ly  (up to 80 t*C/v, 
acorporat ion of a2p into the nucleot ides  was not  affec 
ae a2p over  the  expe r imen ta l  period.  The concentr  
]can t ly  a l te red  when pancreas  slices were incuba ted  v 

E F F E C T  O F  I N C R E A S I N G  Q U A N T I T I E S  O F  3 2 p  O N  T H E  

~ancreas f rom fed pigeon.  8o m inu t e s  i ncuba t ion  in oxygena 
;e and  o.o2 3 I  sod ium p y r u v a t e ,  a t  4 °o C. 

;11LI I~LLIUII kJ l  1~.£~ 2 ]k W6~O CLI~'J 11 

incuba ted  with  as much as 14o/~C/vess 

S P E C I F I C  A C T I V I T I E S  

O F  T H E  N U C L E O T I D E S  O F  R N A  

ena ted  saline, con t a in ing  2oo mg 

Specific activities of ribonucleotides( counts~rain~Fig P} 

Cytidylic A denylic Guanyllc Uridylic 

38.8 
8 7 . 2  

163 
314 

le increases wi th  t ime in the  specific ac t iv i t ies  of the  r a t i o  
be no ted  tha t  there  was a lag in the  r a t e  of incorporati~ 
[es. This lag was not  due to an in i t ia l ly  slow ra te  of pen 
e cells, since the  ra tes  of incorpora t ion  of a2p into  the  ac 

the  phosphol ip ids  8 in pancreas  slices are l inear  f rom t] 
e most  p robab le  exp lana t ion  for this  a p p a r e n t  lag is th  
ni t ial  d i lu t ion of me tabo l i ca l ly  act ive R N A  of in tac t  ce 

of damaged  cells. This R N A  of d a m a g e d  cells is brok, 

for 2 h o t l r s .  

Panc reas  
glucose 

!~C ~2p w'ssel 

I O  

2 0  

4 ° 
80 

In  Table  i I  are shown th~ 
nucleot ides  of RNA.  I t  will 
of a2p into the  r ibonucleot ides .  
t r a t ion  of phospha te  into the  
soluble phospha te  es ters  8 or 
beginning  of incubat ion.  The 
it is an a r t i fac t  due to an ini t ia l  
by  me tabo l i ca l ly  iner t  R N A  

Re/erences p. 412. 

m t s / m i n / / z g  P for the  inorgan ic  P in " 
on t a ined  37.0/2g P/ml .  
bonucleot ides  ob t a ined  by  the  above  n 

in w a t e r  (WYATT15). The specific ac t iv i  
-soluble p h o s p h a t e  es ters  were also det¢ 
found t h a t  one t r e a t m e n t  wi th  magnesi  

)red in th is  I n s t i t u t e  for the  pas t  two 
,V. 

g, were in jec ted  wi th  ioo /~C of NaHe  a' 
e hydroch lo r ide  a long w i t h  the  NaH2a2t 
om th is  dose of p i locarpine .  One hour  
es were r e m ove d  and  i m m e d i a t e l y  coole 

the  specific 
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25.2 30.6 23.~ 
62.2 78.4 51.7 

1 1 2  1 5 o  8 7 . 6  

2 1 o  2 9 0  I 8 9  
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I A T E S  O F  I N C O R P O R A T I O N  O F  3 2 p  I N T O  T H E  N U C L ] E O T I D ~ S  O 

i t i o n s  as  in  T a b l e  I ;  a l l  c o u n t s  c o r r e c t e d  t o  a spec i f ic  a c t i  
for  i n o r g a n i c  P in  m e d i u m )  

Duration Specific activities of ribonucleotides( c~ 
of incubation 

(rain) Cytidylic 

4 ° 
8o 

1 2 0  

16o 

?he specific activities of the various nucleotides of 1 
a, were not the same. The average ratios of the spec 

as I.O) were: cytidylic, 1.o6; adenylic, 1.45; guan: 
ratios are in close agreement with those found by B 
liver of the rat 6o minutes after injection of a2p. Tt 

pecific activity of the uridylic acid was highest dc 
ssed by the adenylic in the second hour. DAVIDSON AI~ 
for the specific activities of the ribonucleotides in ra 

ncorporation o/ 32p into the nucleotides o/ RNA under 

)ecific activities (guanylic beii 
guanylic, I.OO and uridylic, 1.5 

BOULANGER AND MONTREUII. 
These workers also found th~ 
during the first 'hour but w 
AND SMELLIE 11 obtained simil 
rat liver 2 hours after injectk 

under anaerobic conditions 

hown that endergonic processes such as amylase synthes 
)olished when pancreas slices are incubated anaerobicall3 
he incorporation of 32p into the nucleotides of RNA w~ 
er anaerobic conditions. The incorporation of 32p into RN 
dependent upon energy derived from respiratory processe 
:II that  the specific activities of the acid-soluble phospha 
out 70-80%; this proportionately smaller inhibition of t! 
phosphate esters is probably due to the presence of inte 
acid-soluble phosphate ester fraction. 

amylase synthesis and the rate o/ incorporation o/ 32p in 

se, lipase and ribonuclease can be stimulated in pancre~ 
nplete mixture of amino acids to the incubation medium s, 

t t l l k I ~ l l  

These 
in the 
the s 
surpassed b 3 
ratios f, 
of 32p. 

The inco 

I t  has been previously shown 
and amylase secretion are aboli~ 
As is shown in Table I I I ,  the 
inhibited about 90-95 % under 
seems therefore to be largely 
It  will be observed in Table I I I  
esters were inhibited'only about 
turnover of the acid-soluble 
mediates of glycolysis in the 

The e~ect o/ amino acids on 
the nucleotides o~ RNA 

The synthesis of amylase, 
s~ces by the addition of a corn 

Re/erences  p .  412.  

ation TM so that its diluting effect ( 
a Table I I  the rate of incorporal 
o any significant extent over the tt 
e experiment shown in Table VI t 
d little or no increase after 8o rail 
ttter experiment the rates of incoJ 
rst 4o-8o minutes were about fo~ 
n Table I I  and that the final spe( 
~r than the specific activities at 

T A B L E  I I  

O F  R N A  I N  

a c t i v i t y  of i o  

counts/min/pg 

A denylic Guanylic uria 

1.15 1.3o 1.Ol i .  
4. t7  5 .14 3.94 6. 
9 .46 12.7 9.38 13. 

13. 7 18.o 12.5 17. 
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o~ CO~ in O 2 312o 7 /o 
7 % CO~ in N 2 73 ° 

~'ECT OF AMINO ACID MIXTURES ON AMYLASE SYNTHESIS  AN 

INTO THE NUCLEOTIDES OF RNA 

inutes  incubat ion;  condit ions as in Table I. Specific activ: 
min/ / ,g  P for inorganic P in mediu: 

Specific activit 

~cid mixture Amylase synthesis 
(units/rag dry wt.) Acid-soluble 

1 4 . o  

riments were undertaken in an attempt to discove: 
me synthesis by an appropriate mixture of amino ac: 
~crease in the rate of incorporation of 32p into the r 
fiments amylase was measured as an example of 

18.  4 

22 .  4 

22 .  7 

discover whether the stimulation 
acids would be accompanied l 

nueleotides of RNA. In the 
general enzyme synthesis. 

~sults of a representative experiment, in which amyla 
ivities of the ribonucleotides and the acid-soluble phospha 
after 80 minutes' incubation under the following conditio~ 

~) 22 amino acids added, and (3) tryptophan omitted fro 
¢ture. It  should be pointed out that the omission of trypt 
no acid mixture completely abolishes the stimulatory effec 
n amylase synthesis:. 
ng of the rate of amylase synthesis by the addition of t 
re was accompanied by a 20-40% increase in the speci 
)f RNA. The specific activities of the acid-soluble phospha 

same extent. In other experiments, using Medium I l i  
d to be increased in the presence of the amino acid mixtu 
ecific activities of the acid-soluble phosphate ester fraetio 
that the stimulation of the incorporation of a2p into t 

Complete 25.2 
\Vi thout  t r y p t o p h a n  13.6 

Experiments 
enzyme 
an increase 
experiments 
Table IV are shown the results 
synthesis and the specific activil 
ester fraction were measured 
(i) no added amino acids, (2) 
the complete amino acid mixture. 
phan from the complete amino 
of the amino acid mixture on 

An approximate doublin 
complete amino acid mixtur 
activities of the nucleotides of 
esters were increased to the 
KREBS, respiration was found 
to the same extent as the specific 
These observations suggest 
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T A B L E  I I I  

ION ON INCORPORATION Ol 7 821} INTO "1 

RNA IN PANCREAS SLICES 

incubat ion in saline, containing 2oo m~ 
ts corrected to lOO,OOO counts/min/~ 

in medium) 

Specific activities (counts/min/pg 

oluble Ribonm leotM 

te esters Cyt idylic A denylic ( 

2o 13.7 20.7 
2 0  2 . 2  2 . 8  

1 8 . 2  2 9 . 2  

1 . t  ~.5 

TABLE IV 

AND THE IN~ 

activities eorreq 
]ium) 

activities (counts/mi 

Ribonucl 

phosphate esters Cytidylic A denylic 

2 , 9 6 0  2 0 . 2  26 .  7 

4 , 1 5  ° 2 8 . 3  3 9 - 3  
3 , 8 2 0  2 7 . 8  3 4 . 8  

IDES 

nd 0.02 M 
~rganic P 

l :r idyl i~ T -~ 

27.9 
4.8 

35.5 
2.5 

OF 32p 

OO CO[IntS 

Uridyl@ 

3~.1 
30,() 
38.4 

of 
by 

hese 
In 

lase 
}hate 
I o n s  : 

from 
)to- 

fects 

the 
',cific 
}hate 

of 
mixture 

fraction. 
the 



by  the addi t ion  of a cholinergic drug such as ac 
~mylcholine ~, 18. S t imula t ion  of enzyme secret ion is n 
ne  synthes i s  6, is. 
:t was r e p o r t e d  in a p re l imina ry  note va tha t  the  sp( 
ot ides  of RNA, ob ta ined  by  ch roma tog raphy  of 
ucleot ide  fract ion,  were 5 o - I o o %  higher  in pancrea  
nes  b y  the add i t ion  of carbamylchol ine .  W h e n  the nu 
a t e d  b y  ionophoresis  on paper ,  only the  ur idyl ic  acid 
i ty,  ranging  from 5o-I5O°o.  Whi le  this  work was 
LIE 11 r e p o r t e d  t ha t  when the ~CHMIDT-TIIANNH.kUSEI:~ 

was s e p a r a t e d  by  ionophoresis  on pape r  the  uridyli  
nknown phost)horus compound  ("Subs tance  D") in 
fore cut  out  the  area  of pape r  i m m e d i a t e l y  precedi  
onia and  assayed  the  e lua te  for r ad ioac t iv i ty .  The toi 
rim de r ived  from the s t imu la t ed  pancreas  slices wa 
, h igher  than  t ha t  f rom uns t imu la t ed  slices. 
Nhen the r ibonucleot ides  were isola ted by, the  me tho  
ght ly modif ied  here,  the  specific ac t iv i t ies  of c y t i d y l k  
essent ia l ly  the  same as a f te r  ionophoresis  of the  ,~ 
ot ide  fract ion.  However ,  the  specific ac t iv i ty  of the  
Ls not  increased in the  t issue s t imu la t ed  to secret  
ple of the  resul ts  ob t a ined  by  ionophoresis  a f te r  Sells! 

} ] l ( ~ ' . ~ C ' d . l l l ~  i l l  l l d ~  l i t .  t l . 'v . l / l ,  I. l ( l l . ( ; t l  v~, • 

to ta l  r ad ioac t iv i ty  in the  elut( 
was in some cases as much 
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~lic, adenyl ic  and guanyl ic  aci, 
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ur idyl ic  acid was lower, ar 
:rete with carbamylchol ine .  ) 

~CHMIDT-'I'HAN N H. \USER fract ion 
¢IELI.IE f rac t iona t ion  of the  same samples  of R N A  is show 
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final concen t r a t i on ) .  

~ecz/ic activities (,/ribonucleolides cou~ ls,,~ n/p,~ lq  l (,tal activity 
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in Table  V. 

S,EC~F~C ACTIVITIES OF 
S C H M I D T - T H A N N H A U S 1  

P a n c r e a s  i r o m  fed pigeon.  Condi t ion  
added  c a r b a m y l c h o l i n e  ( I m g  O,,o 

Fractionation procedure ('ytidyfic 
- -  + 
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~tracted with neutral organic solvents, but liberate i 
a with alkali for I8 hours at 37 ° C. They would thus 
NH;XUSER ribonucleotide fraction. It  is noteworthy 
.~st amounts of inositol phosphatides per mole of ph 
s analysed by TAYLOR AND McKIBBIN 21. 

F F E C T  O F  C A R B A M Y L C H O L I N E  ON A M Y L A S E  S E C R E T I O N  A N D  

I N T O  T H E  N U C L E O T I D E S  O F  R N A  

t i o n s  a s  in  ] ' a b l e  I .  ( - - )  = N o  c a r b a m y l c h o l i n e ;  ( + )  = 

A mylase Specific activiti 
~tritional Incubation Further in medium 
slat,: l ime additions (units~rag dry wl. ) Guanylic 

7.7 6 .7  
23.1 22.  7 
25 .4  27 .5  

lO. 7 12.2 

12.9  12. 5 

ae results of several experiments in which enzyme secretio 
ylcholine under various conditions. There was no increa., 
he nucleotides of RNA when carbamylcholine was adde 
: fasted pigeons, in the presence or absence of amino acid 
that stimulation of enzyme secretion in vitro is not a~ 
urnover in RNA. It  should be pointed out that in pancre~ 
t been fasted 4 8 hours or longer carbamylcholine or acety 
5 the incorporation of z=p into the nucleotides of RNA 
:ation of a=p into the acid-soluble phosphate esters w~ 
Respiration was not affected. A B O O D  A N D  G E R A R D  22 foun 

drugs inhibit oxidative phosphorylation in rat brain an 

I F e d  4 ° N o n e  25 
80  33 

1 2 0  3 2 

2 F a s t e d  80  N o n e  lO 4 
48 h o u r s  

C o m p l e t e  
3 F a s t e d  8o a m i n o  a c i d  5 ° 

48 h o u r s  m i x t u r e  

In Table VI are shown the 
was stimulated with carbamx 
in the specific activities of the 
to pancreas slices from fed or 
These experiments indicate 
companied by increased z~p turin 
slices from pigeons which had 
choline occasionally inhibited 
much as 5o%. The incorporation 
inhibited to the same extent. 
that  parasympathomimetic dru 
spinal cord in vitro. 
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otides was observed  in pancreases  from control  mic 
tions in the  q u a n t i t y  of a2p reaching the pancreas  ir 
)ecific ac t iv i t ies  of the  r ibonucleot ides  were express( 
t y  of the  acid-soluble  phospha te  ester  fraction,  the, 
eases from different  control  mice. In  Table  V I I  t 
ucleotides are expressed  in this  manner ,  re fer red  to a 
t enzyme secret ion was s t imu la t ed  in the  pancreas  by  
ng of p i locarpine  there  was an a p p r o x i m a t e  45 o/:o de, 
t ies of the  nucleot ides  of R N A I  hour  a f te r  in ject ion 
3carpine resul ted  in the  ext rus ion  of a p p r o x i m a t e l y  t~ 
ancreas.  The re la t ive  specific ac t iv i t ies  of the  ribonu, 
om the l inear  por t ion  of the  specific ac t iv i ty - t ime  cu 
)ecific ac t iv i t ies  of the  nucleot ides  of R N A  were found 
in jec t ion  of a2p. 

E F F E C T  O F  P I L O C A R P I N E  O N  E N Z Y M E  S E C R E T I O N  A N D  T H E  I~ 

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

3x. IOO/*C NaH2aaPO a injected intraper i toneal ly  I hour  befor{ 
CaHaaZPO, as indicated. Relative specific activities of ribonu, 
g P of r ibonucteotides -- coun t s /min /#g  P of acid-soluble ph 

Relative specific activiti 

found to level off about  Oo m i m m  

I N C O R P O R A T I O N  O F  32[} I N T O  

P A N C R E A S  i~ Ui~O 

before killing, i mg pilocarpine injecte 
.onucleotides are expressed as count  

phospha te  esters × ioo. Values al 
from 6 individual mice). 

activities of ribonudeotides 

Uridylie 

I.~5 
[ . [ I  

1 .3  ° 

0.82 
o,8i 
o.6o 

at ive  specific ac t iv i t ies  of the nucleot ides  of R N A  may  
he specific ac t iv i t ies  of the  acid-soluble phospha te  ester  
e n t  in our expe r imen t s ;  however ,  the  wide sca t t e r  in t t  
-soluble phospha te  es ter  f ract ion could have obscured th  
y indicate  t ha t  at  least  in the  mouse the s t imula t ion  

E F F E C T  

(Approx. 
wi th  N a i l  
min//~g 

Drug injected Tissue amylase 
(units/mg dry wt.)  

None i22 
t48 
I [ 7 

Pilocarpine 45.6 
5 0 . O  

40.0 

The decreases  in the  re la t ive  
due to ac tua l  increases  in the  
a l though  this  was not  a p p a r e n t  
specific ac t iv i t ies  of the  acid-sol  
effect. Our  findings cer ta inl ;  
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pancreas  is not  m a r k e d l y  stimul: 
ght  are usual ly  d ischarged in resl 
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['he present experiments indicate that the stimulatioI 
vivo is not accompanied by an increased rate of 

~lation of enzyme secretion in mouse pancreas i n  viz 

:ually accompanied by an approximate 5o% decrea 
relative to that of the acid-soluble phosphate ester t 

['he experiments reported here also indicate that enzy 
NA synthesis or by a turnover of phosphate in prefo 
DE DEKEN-GRENSON ~3 recently reported that the in 

mt increased in mouse pancreas when enzyme synthe 
imulation of enzyme secretion several hours before i~ 
4 found that the incorporation of glycine-~SN into the ] 
:enerating bone marrow and regenerating liver of hens 
s amino acid'into protein. He thought this correlation i 
nultaneous metabolic activity of polynucleotides an 
)arallelism between nucleic acid synthesis and protei 
all cellular constituents are being rapidly synthesise( 
)ur  experiments do not exclude the possibility that 
Lesis. They do suggest that if this role exists it do( 
~hate in preformed RNA or a synthesis of RNA. T 
~-IESE 25 and SWENSON 26 strongly suggest that nuclei, 

purmes ot the polynucleotld, 
was paralleled by the uptab 

indicated a "general tendenc 
and protein". In growing cel 

)rotein synthesis is not surprisin 
mthesised during growth. 

RNA plays a role in proteJ 
does not involve a turnover , 

The observations of SWENSO 
;leic acids are in fact concerne 

investigators found that adaptive enzyme formation 
t, and the magnitude of this inhibition at different wav 
et absorption of nucleic acids. These findings are colnpatib 
.n a metabolic role for nucleic acids in protein synthesi~ 
dne the specificity of the newly formed proteins by directiv 
:ids in the protein. It  has been suggested that nucleic acic 
plates for the alignment of amino acids in patterns (HAUR( 
HELWOOD28; CHANTRENNE29 ; DOUNCE3°). We wish to sugge, 
acids may direct the arrangement of amino acids in t~ 

vorks for the alignment of peptidases in specific pattern 
tidases in turn catalyse the synthesis of proteins. We favoL 
msons. In the first place, reversible salt-like combinator 
oteins (or enzymes) have been demonstrated. OHLMEYER 
teins in a spectrum depending on their affinity for DN] 

u 

of this amin~ 
to simultaneous 
this t 
since 

Our 
synthesis. 
phost 
AND ~IESE 25 

in protein synthesis. These 
inhibited by ultraviolet light, 
lengths parallels the ultraviolet absc 
with a structural rather than 
i.e., nucleic acids may determin~ 
the arrangement of amino acids 
may do this by acting as tern I 
WITZ 27; CALDWELL AND HINSHELWOC 

an alternative view: nucleic 
proteins by acting as frameworks 
The resultant patterns of peptidases i 
this hypothesis for several rea 
between nucleic acids and proteins 
has arranged a series of proteins 
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t into the irradiated bacterial suspension. These obs~ 
;suming that in the adapted bacterium certain sp 
~priate patterns of peptidases which catalyse the f 
violet light could alter the structure of these nucleic 
rn of peptidases. When the phage, which is a new 
tuced, the host enzymes are organised to synthesise 1 
7he concept that nucleic acids organise patterns of 
esis of specific proteins can be generalised to include tt~ 
as nucleic acids and type-specific polysaccharides. 7 
ms by which genes, viruses and the "pneumococcus t: 
selves. In the case of virus synthesis, COHEN aa, on the 
esis, has already suggested that viruses organise ho s 
tction. There is additional evidence that viruses may 
.er. Viruses which have been inactivated by ultraviot 
uses of the same strain (LuRIA AND DELBRUCKa4). This 
ing due to a competition between viable virus an, 
nes. Diferent strains of influenza virus also interfeI 
LER, LAVIN AND HORSFALLaS; H E N L E  AND HENLE: 

Le polypeptides inhibit the multiplication of tobacco 
1 involves a salt-like combination between the acid g 
,eptide (BURGER AND STAHMANa8). This inhibition co 
een the lysine polypeptide and the host enzymes f 

i e p t o c t u t ; e  Llllglilbe, i v e 5  i n  t l l  

xaviotet light inhibit the synthes 
This inhibition could be explaine 

and inactivated virus for ho! 
interfere with each others' synthes 
HENLEa6;  FITZGERALD AND LEE a7 

mosaic virus, and this inh 
roups of the virus and lysir 

could be due to a competitio 
for sites on the nucleic aci 

,ribonucleic acids with transforming properties, the desox? 
ise enzymes in the recipient bacteria in patterns capab 
f the type-specific polysaccharides of the donor bacteria 
:lesoxyribonucleic acids. 

~ssors J. H. QUASTEL, F.R.S. and H. A. KREBS, F.R.S. f( 

Dr. D. E. DOUGLAS for the construction of the electron 

of viruses 
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(ZIEGLER, 
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between 
framework. 

In the case of the desox~ 
ribonucleic acids may organlse 
of catalysing the synthesis of 
well as more of the original desox~ 
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,t ot the  acid-soluble phospha te  esters. 
k possible mechanism whereby  nucleic acids may  function 
specific polymers  (e.g. nucleic acids and type-specific polysac 

; ' incorporat ion de asp dans  les nucl6otides de I 'ARN de co~ 
e darts diverses conditions. Cette incorporat ion est inhib6e 
m t a n t  de :oo ~0 la synth6se des enzymes par  l 'addit ion d'un 
gmente la respirat ion et les activitGs sp6cifiques de I 'ARN e 
es d 'environ 20 A 4 o % .  L 'omiss ion du t ryp tophane  suppri 
es aminds sur  la synth~se de l 'amylase mais  n 'a  pas d'effet 
,RN et des esters phosphor iques  acides solubles. Ces obse 
[ation de l ' incorporat ion de asp dans  I 'ARN par  le m~lange 
~imulation du m6tabolisme g6n~ral pa r  le m~lange d'acides a 
zymes n 'es t  pas  li6e A la synthbse de I 'ARN.  La s t imulat ion ir 

carbamylchol ine ou l 'ac6tylcholine n 'es t  suivie d 'aucune  
;ation de ~sp dans I 'ARN.  La s t imulat io  n in vivo de la s~< 
ris s 'accompagne d 'une  diminut ion d 'environ 5 ° % de l 'activit 
,, des esters phosphor iques  acides solubles. 
Jn  mdcanisme possible, ofi~ des acides nucl6iques auraient  
nes et d ' au t res  polym~res sp~cifiques (p. ex. acides nucl~iq~ 

aminds, et qu 'en  outre la synth~ 
st imulat ion in vitro de la s6cr6tion enzymat iq  

augmenta t ion  de la vitesse d'i 
sdcr6tion des enzymes du pancrG 

de l 'activit6 sp6cifique de I 'ARN pa r  rappc 

une fonction dans la synth~se 
tues et polysaccharides type-sp6 

Nucleotide der RNA in Pankreasschni t ten  yon Tauben  wurde unt  
n verfolgt. Bei anaeroben Bedingungen wird der Einbau  zu 9o-95 
~r vollst~ndigen Aminosi iuremischung um ioo ~o st imulierte Enzyi  
I u n d  die spezifischen Akt iv i tg ten  der RNA und der sXurel6slich 

2o-4o ~ .  von T r y p t o p h a n  heb t  die stimulieren 
inos~turemischung auf  die Amylasesynthese  auf, zeigt aber  kei 
,'r " t u r n o v e r "  der RNA oder die siiurelOslichen Phosphors/ iureest(  
nuten, dass die geringe, durch die vollstiindige Aminos~turemischm 
?-Einbaus in RNA der St imulierung des allgemeinei1 Stoffwechs( 
zuzuschreiben ist und sic lassen weiter  vermuten ,  dass die Enzyi  
rnthese verbunden  ist. Die St imulierung der Enzymsekre t ion  in 
n in vitro geht nicht  mit  irgendeinem Ansteigen der Geschwindigk( 
:er. Die St imulierung der Enzymsekret ion im Pankreas  von M/tus( 

der spezifischen Aktivi tgt  der RNA um ungef/ihr 5 ° % beziigli( 
.orsiureester  einher, 
~, wobei Nucleins~turen bei der Synthese yon Proteinen und anden 
cleins~turen und typenspezifischen Polysacchariden) fungieren, wi 

par  la 
corporat ion 
de souris s 'accom 

celle 
Un 

protdines 
fiques) est  discut6. 

Der g i n b a u  yon a2p in die Nucleoti< 
den verschiedensten Bedingungen 
gehemlnt .  Die durch  Zugabe einer vollst 
synthese  steigert die Respirat ion 
Phosphors / iurees ter  u m  ungefghr  
Wirkung  der vollst/indigen Aminos~turei 
Wirkung  auf  die Respirat ion oder 
Diese /3eobachtungen  lassen vermuten  
verursachte  St imulierung des asP-Einbau 
dutch  die AminosAuremischung zuzuschr~ 
synthese  nicht  mit  der RNA-S3 
Carbamylchol in oder Acetylcholin 
des E inbaus  yon asp in RNA einher. 
in vivo geht  mit  einer Abnahme  
zu der der sgurel6slichen Phosphorsguree 

Ein m6glicher Mechanismus 
spezifischen Polymeren (z.B. Nucleinsgur 
besprochen.  
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nd the specific activities of RNA and 
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