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s e n s i t i v i t y  of mice  to  e x p e r i m e n t a l  i m m u n e  h e m o l y t i c  
anemia .  

Materials and methods. T h e  r a b b i t  a n t i m o u s e  e r y t h r o -  
cy te  s e r u m  used  in these  s tud ie s  was  p r e p a r e d  a n d  
gene rous ly  suppl ied  to  us  b y  Dr.  V. ADAMKIEWICZ. I t s  
m e t h o d  of p r e p a r a t i o n  a n d  p rope r t i e s  h a v e  b e e n  pre-  
v ious ly  desc r ibed  20. T h e  pooled  a n t i s e r u m  h a d  a n  agglu-  
t i n a t i n g  t i t e r  of 1024 a g g l u t i n i n  u n i t s  pe r  ml,  as m e a s u r e d  
a g a i n s t  f resh  m o u s e  e r y t h r o c y t e s  2°. T he  h i s t a m i n e -  
sens i t i z ing  f ac to r  (HSF)  of B. pertussis was p r e p a r e d  as 
p r ev ious ly  desc r ibed  ~1. T h i s  p r o t e i n a c e o u s  c o m p o n e n t  of 
t h e  bac i l lus  is be l i eved  respons ib le ,  n o t  on ly  for t h e  
e n h a n c e d  s e n s i t i v i t y  to  h i s t a m i n e  o b s e r v e d  in  pe r tuss i s -  
i n o c u l a t e d  mice,  b u t  a lso for  o t h e r  sens i t i z ing  ef fec ts  of 
B. pertussis 1-a. P r o p r a n o l o l  ( Indera l ,  A y e r s t  Labs)  was  
generous ly  supp l i ed  b y  Dr .  SAHAGIAN-EDWARDS. C F W  
fema le  mice,  we igh ing  b e t w e e n  14 a n d  20 g were  o b t a i n e d  
f r o m  C a r w o r t h  F a r m s ,  N e w  City,  N ew  York .  3 g roups  
of 20 mice  rece ived  i.p. i n j ec t i ons  of saline,  45 txg N of 
H S F  (4 days  before  chal lenge) ,  or  1 m g  of p r o p r a n o l o l  
(10 m i n  before  chal lenge) .  2 a d d i t i o n a l  con t r o l  g roups  
of 20 mice  rece ived  H S F  a n d  p r op r ano l o l  only.  The  
f i rs t  3 g roups  were  t h e n  i n j ec t ed  i.p. w i t h  25 agg lu t in in  
u n i t s  of a n t i s e r u m .  All  5 g roups  were  t h e n  obse rved  for 
72 h for  s igns of t o x i c i t y  a n d  m o r t a l i t y ,  t h e  l a t t e r  be ing  
used as t he  e n d - p o i n t  in  d e t e r m i n i n g  a n y  e n h a n c e d  
suscep t ib i l i t y  to  t h e  e x p e r i m e n t a l  h e m o l y t i c  s ta te ,  as 
desc r ibed  b y  ADA~IKIEWmZ e t  al. 2°, 

EIfect of histamine-sensitizing factor (HSF) of B. pertussis, and 
propranolol on susceptibility of CFW mice to experimental immune 
hemolytic anemia 

Sensitizing Dose Rabbit antimouse Death 
agent erythrocyte serum rate 

(agglutinin units) 

Saline 0.5 ml 25 1/20 
HSF 45 ~tg N 25 18120 
Propranolol 1 mg 25 14/20 
HSF 45 [xg N - 1120 
Propranolol 1 mg - 0•20 

Results and discussion. Very  s h o r t l y  a f t e r  i n j ec t i on  of 
t h e  a n t i s e r u m  i t  was  obse rved  t h a t  t he  H S F -  a n d  pro-  
p r a n o l o l - i n o c u l a t e d  a n i m a l s  e x h i b i t e d  severe  tox ic  sym F- 
toms .  These  s y m p t o m s  inc luded  ru f f l ing  of t he  fur,  
t a c h y p n e a ,  p r o s t r a t i o n ,  a n d  occas ional  convuls ions .  
These  s igns were  absen t ,  or p r e s e n t  to  on ly  a m i n o r  
degree, in  sa l ine - in jec ted  con t ro l s  r ece iv ing  a n t i s e r u m .  
The  T a b l e  shows t h a t  72 h a f t e r  a n t i s e r u n l  cha l lenge  t h e  
groups  t h a t  h a d  rece ived  a n t i s e r u m  alone,  H S F  a lone  
or p rop rano lo l  a lone  h a d  d e a t h  r a t e s  of on ly  1/20, 1/20, 
a n d  0/20, respec t ive ly .  On  t h e  o t h e r  hand ,  t he  g roups  
t h a t  rece ived  H S F  a n d  a n t i s e r u m  or  p rop rano lo l  a n d  
a n t i s e r u m  h a d  d e a t h  r a t e s  of 18/20 a n d  14/20 r e spec t ive ly  
( P < 0 . 0 0 1 ) .  T h u s  t h e r e  was  c l ea r  p o t e n t i a t i o n  of t h e  
l e tha l  ef fec t  of t he  a n t i s e r u m  b y  b o t h  H S F  a n d  pro-  
pranolo l .  A second  e x p e r i m e n t  of l ike  des ign  produce~t 
s imi la r  resul t s .  

These  r e su l t s  show t h a t  a c o m p o n e n t  of B. pertussis, 
as well  as t he  f l -adrenergie  b l o c k i n g  drug,  p roprano lo l ,  
as h a d  ear l ie r  been  r epo r t ed  w i t h  insul in ,  are  c apab l e  of 
e n h a n c i n g  t h e  suscep t ib i l i t y  of mice  to  e x p e r i m e n t a l  
i m m u n e  h e m o l y t i c  anemia .  S tud ies  a re  c u r r e n t l y  u n d e r -  
way  to  exp lo re  t h e  mechan i sm(s )  i n v o l v e d  in t h e  e n h a n -  
c ing effect  of t h e  3 agen t s  on  t h i s  h e m o l y t i c  s t a te ,  a n d  
to  i n v e s t i g a t e  f u r t h e r  t he  role of b lood  a n d  t i ssue  g lucose  
levels  in  t h e  su scep t ib i l i t y  of e x p e r i m e n t a l  a n i m a l s  to  
s t ressful  s t imu l i  22. 

Rdsumd. U n  c o n s t i t u a n t  de Bordetella pertussls, e t  la  
d r o g u e  a n t a g o n i s t e ,  te p r o p r a n o l o l  f l -adr6nergique,  
p e u v e n t  c a u s e r  u n  r e n f o r c e m e n t  s e m b l a b l e  s imi la i re  de 
la  sens ib i l i t6  des  sour is  ~ l ' an6mie  h 6 m o l y t i q u e  i m m u n e  
exp6 r imen ta l e .  I1 es t  c o n n u  que  l ' i n su l ine  se c o m p o r t e  
de  la  m ~ m e  fagon.  
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All injections i.p. HSF injected 4 days prior to antiserum. Pro- 
pranolol injected 10 rain before antiserum. Deaths tabulated 72 h 
after antiserum challenge. Death rates from HSF plus antiserum: 
Chi-square for separate effects versus combined effect 43.3: P <  
0.001. Death rates Irom propranolol plus antiserum: Chi-square 
for separate effects versus combined effect 32.4: P < 0.001. 

st R. E. PInROm, E. J. BRODERICK and L. LEVlNE, J. Immun. 
95, 643 {1965). 

22 This work was supported in part by Public Health Service Research 
Grant No. CC00223 from the National Communicable Disease 
Center through the Massachusetts Health Research Institute. 

A P r o b a b l e  E f f e c t  o f  D i a b e t e s  M e l l i t u s  o n  I n c o r p o r a t i o n  o f  A m i n o  Acids into Prote ins  Catalyzed 
by Isolated Rat Liver Nucle i  

W h e t h e r  h o r m o n e s  a l t e r  n u c l e a r  p r o t e i n  syn thes i s ,  
be l i eved  to  occur  i n  r i v e ,  is n o t  ce r t a in ,  due  to  t h e  f lux  
of p r o t e i n s  across  i n t r a c e l l u t a r  c o m p a r t m e n t s  1-3. T h e  
ef fec t  of  a l l o x a n - i n d u c e d  d i a b e t e s  me l l i t u s  on  t h e  ab i l i t y  
of i so la t ed  r a t  l i ve r  nuc le i  to  ca t a lyze  i n c o r p o r a t i o n  of 
r a d i o a c t i v e  a m i n o  ac ids  i n t o  h o t  TCA- inso lub le  m a t e r i a l s  
( label ing of nuc l ea r  p ro te ins )  ha s  b e e n  examined .  P r e p a -  
r a t i ons  f rom d iabe t i c  r a t s  o f t en  e x h i b i t e d  r educed  incor-  
po ra t ion ,  w h i c h  insu l in  in  r i v e  could  r e s to re  t o w a r d  
~3ormal. 

Methods. Male Sprague  D a w l e y  or  L o n g  E v a n s  rats~ 
r e n d e r e d  d i abe t i c  b y  i.v. i n j ec t ion  of 50 m g  of a l l o x a n  
in  0 .9% sa l ine /kg  b o d y  weight ,  were  m a i n t a i n e d  on  

i V. G. ALLFREY, in Protein Biosynthesis (Ed. C. B. ANFINSEN; 
Academic Press, New York 1970), p. 247. 

2 L. GOLDSTEX• and D. M. PRESCOTT, J. Cell Biol. 33, 637 (1967). 
2 E. ROBmNS and T. W. BeRlin, Prec. natn. Acad. Sci., USA 57, 

409 (1967). 
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Phase contrast photomicrograph of isolated rat  liver nuclei. Nuclei 
treated with detergent appeared similar. × 200. 

R o c k l a n d  m o u s e / r a t  d i e t  a n d  w a t e r  a d  l i b i t u m .  B l o o d  
g l u c o s e  w a s  m e a s u r e d  w i t h  W o r t h i n g t o n  ' G l u c o s t a t '  k i t s  
o r  w i t h  A m e s  ' D e x t r o s t i x ' .  3 d a y s  a f t e r  a l l o x a n ,  g l u c o s e  
c o n c e n t r a t i o n s  e x c e e d e d  500 m g [ 1 0 0  m l ,  w h i l e  1 - 2  h 
a f t e r  5 u n i t s  o f  r e g u l a r  i n s u l i n  g i v e n  i .p . ,  t h e y  fe l l  t o  
8 0 - 2 5 0  m g / 1 0 0  m l ,  c o m p a r e d  w i t h  t h e  n o r m a l  o f  a r o u n d  
115 m g / 1 0 0  m l .  I s o l a t i o n  o f  l i v e r  n u c l e i  f r o m  c o n t r o l  (N),  
d i a b e t i c  (D),  a n d  i n s u l i n - t r e a t e d  d i a b e t i c  (DI )  r a t s ,  t h e i r  
p u r i I i c a t i o n  in  2 . 2 M  s u c r o s e  1 m M  MgCI~ s o l u t i o n  a n d  
w a s h i n g  w i t h  T r i t o n - X - 1 0 0 ,  d e t a i l s  o f  i n c u b a t i o n  a n d  
d e t e r m i n a t i o n  o f  r a d i o a c t i v e  p r o t e i n  f o l l o w e d  p u b l i s h e d  
p r o c e d u r e s  4-s.  

J.  R. TATA and C. C. WIDNELL, Biochem. J. 98, 621 (1966). 
s W. C. HYMER and E. K. K'JFF, J.  Histoehem. Cytochem. 12, 

359 (1964). 
e R. REr~9I, Expl. Cell Res, ;9, 57 (1960). 
7 H. ONo and H. TERAMAYA, Bioehim. biophys. Aeta 106, 175 (1968). 
s K. M. ANDERSON, F. H. LEE and K. MIvAL Expl. Cell Res. 61, 

371 (1970). 

Table I. Effect of several agents on labeling of proteins catalyzed by isolated rat  liver nuclei 

Nuclear protein 3.8 2.2 1.4 
(mg]ml) 

epm/mg % cpm/mg % epm/mg % 
protein change protein change protein change 

Experimental  95 - 326 - 272 - 
RNase (1 mglml) 133 + 40 318 - -  2 313 + 15 
Cyanide (2.5 x 10 -8 M) 10 - -90  221 - -32  - - 
Chloramphenieol (7.4 x 10-8M) - - 140 - -57  52 - -81  

x4C amino acid mixture or 14C phenytalanine were incubated with nuclei in a sodium-containing sys tem similar to those in the  literatureS,L 
Gas flow (20% efficiency for 14C) or liquid scintillation counting (58% and 20% efficiencies for 14(2 and SH respectively) was used to measure 
radioactivity. Experimental  values were usually 4--6 t imes the zero time controls. 

Table II. Comparison of incorporation catalyzed by hepatic nuclei from normal (N), alloxan-diabetic (D), and insulin-treated (DI) rats  

Experiment  Nuclear Label Days 
No. protein post- 

(mg/ml) alloxan 

Nuclear protein (epmlmg) 

Normal Alloxan-diabetic Diabetic + Insulin 

1. 1.05 l~C/a la  4 373 4-19~ (+14)  328 4-18 592 4-24  (+80)  
> 350 me/raM 

CAP 1.05 86 (--77) 101 (--69) 130 (--78) 
2. 1.0 0.5~tC 4 536 4-23  (+38) 387 4-20  521 4-23 (+36)  

a. a. mix. 
( ~  220 mC/mM) 

3. 3.5 0,6 ~tC a. a. mix. 4 185 4- 14 ( +  64) 113 :t: 10.5 136 4- 12 ( +  20) 
4. 1.5 0 . 4&Ca .a .  mix. 3 96 -t- 9.8 (+32)  73 4- 8.6 
5. 3.2 1 izC a. a. mix. 3 340 + 18.5 ( +  53) 222 4- 15 
6. 2.75 0.5 txC a. a. mix. 2 105 4- 10.3 188 4- 11 ( +  78) 
7. 6 0,51,tCa. a. mix. 2 92 -4- 9.6 110 4-10.5 (-t-20) 

Triton-X-100-washed nuclei b 
8. 1.34 DL-l~C-leucine 3 26 4- 5.1 (+86)  14 4- 3.7 

(2-10 mC/mM) 
9. 1.53 DL-14C-leucine 3 16.74- 4.1 (+114)  7 . 8 ~  2.8 13.44- 3.7 (-t-72) 

10. 1.35 L-14C-glyeine 2 108 4- 10.3 ( +  50) 72 4- 8.5 
(2-10 mC/mM) 

11. 1.56 L-SH-leucine 2 86 4- 9.3 (+43)  60 4- 7.7 71 -t- 8.4 (+18)  
5 CImM 

12. 1.26 L-x4C-glycine 1~[~ 58 4- 7.6 (+56)  37 4- 6.1 49 -4- 7.0 (+32)  

Insulin-treated rats received 5 units of regular insulin diluted with 0.9% saline; normal and diabetic animals received the same volume of 
saline. Rats  were sacrificed 1-11/3 h later. In an individual experiment,  incorporation catalyzed by equal amounts  of nuclear protein from 
the 3 groups was compared. ~ One sample : Each result represents the average of 2 or 3 samples, b Nuclei incubated with from 1--4 IzC of 
radioactivity. 4- S.E.M. 0, % change from diabetic control. CAP, Chloramphenicol, 7 x 10-3M. 
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Results. Contamina t ion  of nuclei  by  non-nuclear  
e lements  was minimal ,  as judged  by phase con t ras t  and 
electron microscopy;  de te rgen t  washed nuclei  lacked the  
outer  layer  of the  nuclear  envelope  wi th  its cy top lasmic  
r ibosomes (Figure, ref. 0). Some character is t ics  of the  
incorpora t ion  observed w i t h  normal  ra t  l iver  nuclei  are  
presented  in Tab le  I ;  resis tance to  r ibonuclease,  and 
sens i t iv i ty  to  sodium cyanide  and  ch loramphenico l  have  
been used to  dis t inguish this  nuclear  process f rom non- 
nuclear  pro te in  label ing6,7 To ob ta in  this  pa t te rn ,  great  
care had to  be t aken  to prepare  h ighly  puri f ied nuclei,  
and inhib i tor  concent ra t ions  of > 10-3M were required.  

Resul t s  ob ta ined  w i t h  l iver  nuclei  f rom normal ,  
a l loxan-diabet ic ,  and insul in- t reated diabet ic  ra ts  a re  
presented  in Tab le  I I .  Nuclei  f rom diabet ic  ra ts  f requent ly  
exh ib i t ed  reduced labeling, which in a n u m b e r  of experi-  
ments  increased fol lowing insulin admin i s t r a t ion  1-11/~ h 
before sacrifice. Whe the r  th is  represents  a t rue  insulin- 
s t imula t ed  enhancemen t  is no t  es tabl ished:  however ,  to  
reduce  r a n d o m  var ia t ion ,  l ivers  f rom 2 ra ts  in each  group 
were combined ,  and nuclei  f rom the  3 groups isolated 
s imul taneously .  Bo th  pa renchyma l  and non-pa renchymal  
cell nuclei  m igh t  ca ta lyze  this  incorporat ion.  

Nucle i  washed in Tr i ton-X-100  also exh ib i ted  these 
changes,  a l though  grea ter  va r i a t ion  was seen due  to the  
use of 3 d i f ferent  isotopes. I f  specific r ad ioac t iv i t y  was 
expressed per  uni t  of DNA,  differences be tween  (N) and 
(D) groups increased. 

Discussion. In  each expe r imen t  the  level  of incorpora-  
t ion mus t  depend in a complex  way  upon the  sever i ty  
of  t he  diabetes ,  concen t ra t ion  of nuclei ,  a m o u n t  and  
specific r ad ioac t iv i t y  of  t he  amino  acid, etc. Before  
def in i t ive  conclusions abou t  the  effect  of a l loxan- induced  
diabetes  mel l i tus  on this  process can be established,  these  
in ter re la t ionships  would  have  to  be defined. If  i t  is 
conf i rmed t h a t  insulin rap id ly  increases nuclear  incor- 
porat ion,  an  exp lana t ion  for differences be tween  (N) and 
(D) groups based on unspecif ied ' t ox ic '  effects  of a l loxan  
will  be rendered unlikely.  

KORNER 1° found t h a t  3 to  6 h af ter  regular  insulin, 
cell-free pro te in  synthesis  in hepatic" microsomes f rom 
hypophysec tomized  rats  increased 5 and 20% respect ive ly  ; 
1 h a f te r  insul in a decrease of 12% occurred.  One week  
af te r  a l loxan  admin i s t r a t ion  ra t  l iver  po lysome  profiles 
d id  no t  change  s ignif icant ly,  b u t  1 h a f te r  10 uni ts  of 
regular  insulin the  abnorma l  profiles seen by  the  18th 
day  rever ted  to  n o r m a l n .  DOELL12 observed an increased 
hepa t ic  microsomal  pro te in  synthesis  12 h af ter  insulin 
and  glucose were adminis te red  to  normal  rats.  An insulin- 
s t imula t ed  increase in hepa t ic  nuclear  pro te in  synthesis  
preceding  these  repor ted  effects on the  cy top l a sm is 
no tewor thy .  

Incorpora t ion  of r ad ioac t iv i t y  in to  nuclear  proteins  
is re la ted  to  t he  physiological  a c t i v i t y  of t he  cells of 
origin. GALLWlTZ and MUELLER x3 observed  t h a t  He la  
cell  nuc lear  pro te in  synthesis  increased shor t ly  before  
cell  division,  while  mic rosomal  pro te in  synthesis  was 
reduced.  4-8  h a f te r  admin i s t r a t ion  of tri-iodothyronine, 
TATA found t h a t  in v i v o  amino  acid incorpora t ion  into  
hepa t ic  nuclear  pro te ins  increased;  nuclei  isolated f rom 
ho rmone - t r ea t ed  ra ts  f irst  evidenced,  increased in v i t ro  
incorpora t ion  several  h later,  b u t  microsomes did not,  
unless isolat ion was de layed  for a t  least  12 more  h 14,15. 
R a t  u te rus  also exh ib i t ed  s t imula t ion  of  nuc lear  pro te in  
synthesis  (es t imated in vivo),  which preceded the  major  
estradiol-  17 fl s t imula t ion  of microsomal  prote in  
synthesis  is. 

I t  is in teres t ing  t h a t  such diverse  agents  as thyroxine ,  
estradiol-17fl,  and  insulin al l  seem to  increase label ing 
of nuclear  prote ins  before the  ma jo r  s t imula t ion  of 

cy top lasmic  pro te in  synthesis.  These hormones  can cause 
a b r u p t  increases in t a rge t  organ R N A  synthesis  ; enhanced  
nuclear  pro te in  synthesis  could be re la ted to the  forma-  
t ion of proteins  associat ing wi th  r ibosomal  or  non- 
r ibosomal  RNA,  and essential  for thei r  synthesis,  pro-  
t ec t ion  f rom nucleases,  t r anspor t  to  the  cy top lasm,  
etc. 17,1s. The  observa t ion  t h a t  wi th in  2 h  of insulin 
adminis t ra t ion ,  the  t e m p l a t e  ac t i v i t y  of hepa t ic  ch romat in  
from diabet ic  rats  reaches a peak, while insul in- induced 
glucokinase ac t iv i ty  is not  s ignif icant ly  increased a t  3 h, 
is also germane  19. 

The  expe r imen ta l  diff icult ies presented  by cell-free 
nuclear  sys tems  ca ta lyz ing  the  incorpora t ion  of amino  
acids in to  pro te ins  are  formidable .  However ,  demons t ra -  
t ion t h a t  such a process, s t imula ted  before an effect  on 
microsomes of a t a rge t  organ, was pa r t i a l ly  h o r m o n e :  
dependent ,  could help to fur ther  def ine  mechan isms  of 
hormone  action.  I t  remains  to be es tabl ished whe the r  
the  differences depic ted  in Table  I I  were for tu i tous  or  
ref lect  a con t inua t ion  in v i t ro  of ongoing nuclear  pro te in  
synthesis  occurr ing  in vivo.  In  pursui t  of th is  problem,  
o ther  approaches  should not  be over looked xa, 20-,s. 

Rdsumd. On a 6tudi6 l ' incorpora t ion  des acides amin6s 
radioact i fs  6t iquet t6s  dans  des ma t6 r i aux  chauds,  inso- 
lubles dans  t 'acide t r i -chloroac6t ique (en m a r q u a n t  les 
prot6ines  nucl6aires), catalys6s par  des n o y a u x  h6pa- 
t iques  ex t ra i t s  de rats  no rmaux ,  de ra ts  a t t e in t s  de 
diab~te  caus6 par  l ' a l loxane  et  de diab~te t ra i t6  5. l ' insu-  
line. Dans  plusieurs exp6riences, l ' incorpora t ion  diminu6e 
observ6e dans  les n o y a u x  p r o v e n a n t  des ra t s  d iab6t iques  
p u t  8Ire augment6e  par  l ' insul ine in vivo.  
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