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W i t h  whi te  mice poisoned  w i t h  Sar in  ( i sop ropoxyme thy l  f luorophosphonate )  P A D  qui te  
r e m a r k a b l y  e x t e n d s  t h e  an t ido t a l  p roper t i es  of P A M  + at ropine.  

Th i s  v e r y  s imple  pr inciple  of rep lac ing  a sho r t  cha in  b y  a ve ry  long cha in  ha s  se rved  to  
a l t e r  t he  in vivo p e n e t r a t i o n  of a d rug  and  e x t e n d  i ts  appl icat ion.  
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Short Communications 

Test for isocitritase and malate synthetase in animal tissues 

T h e  r e a d y  incorpora t ion  of labelled ca rbon  a t o m s  of f a t t y  ac ids  in to  c a r b o h y d r a t e s  which  can  
occur  in an ima l  t i s sues  does no t  necessar i ly  r ep resen t  a ne t  convers ion  of fa t  to  ca rbohydra t e s ,  a n d  
t h e  ques t i on  w h e t h e r  suc h  a convers ion  occurs  in h igher  an ima l s  is still open 1. Such a convers ion  
m i g h t  be expec ted  to  occur  u n d e r  condi t ions  where  f a t t y  ac ids  are  t he  chief source  of energy,  e.g. 
in r a t s  m a i n t a i n e d  on  a h igh  fa t  diet,  or  in h i b e r n a t i n g  m a m m a l s ,  or  in  the  chick embryo ,  t he  chief  
e n e r g y  source  of wh ich  is t he  fa t  s tore  of t he  yo lk  s . 

A ma te r i a l  in wh ich  a ne t  syn t he s i s  of c a r b o h y d r a t e  f rom f a t t y  ac ids  is k n o w n  to occur  is t h e  
g e r m i n a t i n g  cas tor  bean .  E x p e r i m e n t s  on seedl ings  of th i s  p l a n t  are  in a g r e e m e n t  wi th  t h e  view 
t h a t  t h e  g lyoxy la t e  cycle 8, 4 is a key  step in th is  overal l  reac t ion  in th i s  materialS, s. The  e x p e r i m e n t s  
r epo r t ed  in t h e  p r e sen t  pape r  were des igned  to a s s a y  t h e  chief  e n z y m e s  of t h e  g lyoxy la t e  cycle 
- - i s o c i t r i t a s e  7 a n d  m a l a t e  s y n t h e t a s e S - - i n  some  a n i m a l  t i s sues  in wh ich  a ne t  convers ion  of fa t  
to  c a r b o h y d r a t e s  h a s  been  su spec t ed  to  occur.  T i s sues  of r a t s  m a i n t a i n e d  on  h igh  fa t  d ie ts  a n d  
ch ick  e m b r y o s  were used.  The  a s s a y  m e t h o d s  were the s a m e  as those  used in p rev ious  e x p e r i m e n t s  
f r o m  th i s  l abo ra to ry  on e x t r a c t s  of Pseudomonas K B  i*. 

A d u l t  female  r a t s  (4-5 m o n t h s  old, we igh ing  19o g) were placed on two  t y p e s  of h igh - fa t  diet .  
Die t  I con t a ined  lO% casein,  2 % cod liver oil, 2.5 % McCo]lum's  sa l t  m i x t u r e  9 (modified to reduce  
the s o d i u m  conten t ) ,  o. i % choline, B -g roup  vitamins: t h i a m i n e  HC], pyridoxine and  n i co f inamide  
(io m g  each /kg  diet),  Ca p a n t o t h e n a t e  and  r ibof lavine  (2o m g  each /kg  diet) and  85 .4% bu t t e r .  
Die t  I I  was  t h e  s a m e  as  I excep t  t h a t  no pro te in  was  p r e sen t  a n d  t h e  b u t t e r  c o n t e n t  was  95.4 %- 
The  r a t s  on Die t  I lost  we igh t  for t he  first week, t h e n  rega ined  weight  and  levelled off a t  200 g; t he i r  
cond i t ion  was  good.  The  r a t s  on Die t  I I  los t  we igh t  s teadi ly ,  decreas ing  on ave rage  f rom I92 g t o  
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125 a t  t he  end  of 38 days .  At  th i s  t i me  t h e y  were placed on Diet  I and  a t  once began  ga in ing  weight .  
R a t s  were decap i t a t ed  a t  va r ious  t i mes  a n d  some  of the i r  t i s sues  (liver, k idney  and  hear t )  

were homogen i sed  w i th  two  v o l u m e s  cold o. i  M p o t a s s i u m  p h o s p h a t e  buffer,  p H  7-5, in a glass  
homogen i se r ;  t he  whole  h o m o g e n a t e  was  incuba ted .  I soc i t r i tase  could no t  be de tec ted  in l iver 
h o m o g e n a t e s  w h e n  a s sayed  by  a modif ica t ion  of t he  m e t h o d  of SAZ AND HILLARY 7, based  on t he  
d e t e r m i n a t i o n  of g lyoxy la t e  as t he  2 ,4 -d in i t ro -phenylhydrazone .  The  incorpora t ion of ~4CHsCOONa 
by  t he  l iver h o m o g e n a t e  f rom a r a t  wh ich  h a d  been  on Diet  II  for 12 clays is shown  in E x p t  i 
of Tab le  I. The  c o m p o u n d s  labelled are those  expec ted  f rom the  opera t ion  of e n z y m e s  of t he  
t r i ca rboxyl ic  acid cycle a n d  of fa t  me tabo l i sm.  There  was no e n h a n c e m e n t  of the  labell ing of 
ma l a t e  by  t he  add i t i on  of g lyoxy la t e  or isoci trate ,  as bad  been obse rved  in s imi lar  e x p e r i m e n t s  
on ma te r i a l  con ta in ing  all t h e  e n z y m e s  of t he  g lyoxy la t e  cycle4,S, s. E x p t  I was  r epea t ed  on the  
liver, h e a r t  and  k idneys  of r a t s  wh ich  h a d  been  m a i n t a i n e d  on Die ts  I or I I  for var ious  t imes ,  and  
on t h e  l iver of r a t s  ea t ing  a no rma l  diet.  I n  every  case the  t e s t s  for isoci t r i tase and  ma la t e  syn-  
t h e t a s e  were nega t ive .  

T A B L E  I 

INCORPORATION OF 14C FROM 14CH3COONa IN LIVER HOMOGENATES 

T h e  comple te  s y s t e m  con ta ined  5 ° # m o l e s  p o t a s s i u m  p h o s p h a t e  buffer, p H  7.5, 5 #mo le s  g lu t a th -  
lone, 0 . o 8 / , m o l e  coenzyme  A, 5 # m o l e s  MgC12, 0.9 #mo l e  14CH3COONa (340,00o c .p .m,  u n d e r  
condi t ions  of t h e  a s s a y  descr ibed below), IO # m o l e s  A T P  (added in 2 / , m o l e s  a l iquots  a t  6 miu  
intervals) ,  o.I ml  l iver h o m o g e n a t e  and  wa te r  to 0. 5 ml.  I n c u b a t e d  a t  3 ° °  for 3 ° min .  The  reac t ion  
was  s topped  by  t he  add i t ion  of 1. 5 ml  95 % e thanol .  The  m i x t u r e  was  chilled and  cent r i fuged,  
a n d  t he  s u p e r n a t a n t  solut ion evapora t ed  to ha l f  unde r  n i t rogen,  o. 5 ml  was  ana lysed  by two- 
d imens iona l  pape r  c h r o m a t o g r a p h y  and  a u t o r a d i o g r a p h y .  The  rad ioac t iv i ty  of t he  labelled 
c o m p o u n d s  was  a s sayed  wi th  a mica  end-window f l-counter  t u b e  direct ly  on t he  c h r o m a t o g r a m s .  
T h e  coun t s  shown  below are double  t he  read ings  ob ta ined  to  cor respond wi th  t he  to ta l  radio-  

ac t iv i ty  incorpora ted  by  t he  i ncuba t ion  mix tu re .  

Experiment Tube Additions to incubation mixture 

Radioactivity(c.p.m.) in 

ourvrarey 

I 
(Ra t  liver) 

2 
(Ra t  liver) 

3 
(Chick e m b r y o  
l i v e r -  18 d a y s  
in incuba tor )  

a None  668 1,184 1,6o 4 4,880 4,814 
b G lyoxy la t e  (9 #moles)  442 252 3,o54 2,386 542 
C DE + (allo) i soci t ra te  ( io /*moles)  18o 304 860 658 .5,942 

d None  1,796 564 54 ° 4,928 lO,954 
e Malona te  ( io #moles)  9o 1,66o 194 2,7oo 8,o26 
f Malona te  ( io  #moles)  p l u s  oxalo-  88 9,266 4,620 3,1IO 2,254 

ac e t a t e  (5 #moles)  
g Malona te  ( io #moles)  p lus  c i t ra te  88 618 604 424 14,824 

(5 #moles)  

h None  1,o96 1,71o 500 8 , O L O  15,226 
i G lyoxy la t e  (9 #moles)  446 872 i , i o2  6,51o 15,26o 

E x p t  2 of Table  I was  carr ied ou t  on t he  l iver of a r a t  wh ich  h a d  been m a i n t a i n e d  on 
Die t  I for 31 days .  I t  m a y  be  no ted  in line " e "  t h a t  m a l o n a t e  (which inh ib i t s  succinic  dehydro -  
genase) p r even t ed  label f rom appea r ing  in ma la te .  The  add i t ion  of oxa loace ta te  or  c i t ra te  to t he  
ma lona te -po i soned  h o m o g e n a t e  did  n o t  cause  a n y  appea rance  of label in ma la t e .  I t  would  appear ,  
then ,  t h a t  succ ina te  is t h e  precursor  for all t h e  m a l a t e  fo rmed  f rom ace ta te  in th i s  homogena te .  Th i s  
e x p e r i m e n t  also show s t h a t  t h e  add i t ion  of oxa loace ta t e  d i rec ted  t h e  ace ta te  a w a y  f rom f l -hydroxy-  
b u t y r a t e  in to  t he  c o m p o u n d s  of t he  t r i ca rboxyl ic  acid cycle (line "f") ,  in a g r e e m e n t  wi th  t he  resu l t s  
of  LEHNINGER AND K E N N E D Y  TM, whereas  t h e  add i t ion  of c i t ra te  d i rected t he  ace ta te  into f l -hydroxy-  
b u t y r a t e  (line "g" ) .  

Similar  e x p e r i m e n t s  on e x t r a - e m b r y o n i c  m e m b r a n e s  a n d  l ivers of deve loping  chick embryos  
a t  va r ious  ages  a n d  on t h e  l ivers  of day-o ld  chicks  also failed to reveal  t h e  presence  of i soci t r i tase  
a n d  m a l a t e  syn the t a se .  D a t a  from a typical experiment are s h o w n  in Expt  3 of Table  I. 

These  e x p e r i m e n t s  indica te  t h a t  t h e  g lyoxy la t e  cycle does no t  occur  in t h e  an ima l  t i s sues  
tes ted ,  even  unde r  condi t ions  where  a n e t  convers ion  of fa t  to c a r b o h y d r a t e  m i g h t  be expec ted  to  
occur.  



VOL. 2 7  (1958)  SHORT COMMUNICATIONS 2OI 

I wish to t hank  Prof. H. A. KREBS, F.R.S.,  for his interest  and for hospital i ty in his laboratory,  
and Dr. H. L. KORNB~RG for his encouragement  and helpful suggestions. This work was suppor ted  
by  the Rockefeller Foundat ion .  

Department of Biochemistry, University o/Ox/ord (England) N . B .  MADSEN* 

1 E. O. V~rEINMAN, E. H. STRISOWER AND I. L. CHAIKOFF, Physiol. Revs., 37 U957) 252. 
2 j ,  NEEDHAM, Chemical Embryology, Vol. II, Par t  h i ,  Cambridge Univ. Press, (I93I),  p. lO82. 
a H. L. KORNBERG AND H. A. KREBS, Nature, 179 (1957) 988. 
4 H. L. KORNBERO AND N. B. MADSEN, Biochim. Biophys. Acla, 24 (1957) 651. 
5 H. L. KORNBERG AND H. BEEVERS, Nature, 18o (1957) 35. 
6 H. L. KORNBERG AND H. BEEVERS, Biochim. Biophys. Acta, 26 (1957) 531. 
7 H. J.  SAZ AND E. P. HILLARY, Biochem. J. 62 (1956) 563. 
s D. T. O. WONG AND S. J. AJL, ]. Am. Chem. Soc., 78 (1956) 323 o. 
9 E. V. McCOLLUM AND N. SIMMONDS, J. Biol. Chem., 33 (1918) 55. 

10 A. L. LEHNINGER AND E. P. KENNEDY, J. Biol. Chem., 173 (1948) 753. 

Received October io th ,  1957 

* Post-doctoral  Fellow, National  Academy of Sciences, National  Research Council, U.S.A. 
Present  address:  Bacteriology Division, Science Service Building, Ottawa,  Canada. 

Interference by sucrose in the estimation of ribonucleic acid 
by the orcinol method 

A s tandard  procedure for the identification of ribonucleic acid (RNA) in t issue extracts  is the 
orcinol method 1,2 which has been adapted by  numerous  workers  for the quant i ta t ive  est imation 
of RNA (see DISCHED). 

I t  has been pointed out  on several occasions t ha t  sugars  other  t han  ribose interfere in the 
reaction. The orcinol method  is, in fact, qui te  unspecific for ribose, producing a green colour 
w i t h  other  pentoses,  and varying shades of green-brown wi th  hexoses 4 and disaccharides 5. The 
absorp t ion  spectra of several  sugars  in the orcinol reaction have recently been published s. 

Of the  m a n y  media tried and being used in biochemical studies on sub-cellular fractions, 
aqueous  sucrose (usually o.25M) is by  far the commones t ;  very  often RNA es t imat ions  are 
performed on t issue ext rac ts  prepared f rom sucrose suspensions.  As traces of o .25M sucrose 
produce a heavy  b rown precipi tate  under  the condit ions of the orcinol method,  it is obviously 
of pr ime impor tance  t ha t  sucrose should be entirely absent  f rom the final ext rac t  containing RNA. 

Vv'ith the SCHNEIDER 7 procedure for extract ing RNA, this  means,  in effect, tha t  the nucleic 
acids and proteins  precipitated by  cold trichloracetic acid (TCA) mus t  be washed free of sucrose 
before  the  nucleic acids are extracted by  hot  TCA at 9 o°. However,  it is possible, part icularly 
if the alcohol-ether extract ions are omitted,  for sucrose to be left behind with the nucleoprotein 
precipi ta te  and to be subsequent ly  taken up into the nucleic acid extract .  These traces of sucrose 
seriously affect the ext inct ion reading at 67o m/~ and the invest igator  would probably  be unaware  
of it except  in cases of ext reme contaminat ion.  This communica t ion  describes a routine method 
for checking sucrose contaminat ion,  and also how to apply a correction if it occurs. 

In  all determinat ions,  readings were obtained using a Unicam SP-5oo spectrophotometer ,  
and cells of 1 cm pa th  length. The volumes of solutions used were as follows: 3 ml i % FeCl 3 
in conc. HC1 ; (2 + x) ml water ;  o. 3 ml orcinol (io % in absolute ethanol) ; (t - - x )  ml of the  test  
ca rbohydra te  solution. The mix tures  were heated for 45 miD in a boiling wate r -ba th .  1 ml absolute 
e thanol  was added after  boiling to tubes  containing sucrose. Under  these conditions, sucrose gives 
m a x i m u m  absorp t ion  at  43 ° and 530 m#;  there is also a small peak at 660 m/~. RNA solutions, 
on the other  hand,  follow the absorpt ion  spectra  of pentoses  very closely and give max ima  at 
42o and 67o m #  with  a m i n i m u m  at 52o m/~ e. 

I t  was found tha t  for bo th  sucrose and RNA solutions the extinctions at 52o and 670 m/~ 
follow Beer 's  Law. This means  t ha t  the ratio of E670/E520 is cons tan t  for bo th  sugars  over the 
wide range of concentrat ions  studied. For  sucrose this ratio was found to be o.321 whereas for 
R N A  solutions it was  4.1o. Thus,  in the determinat ion of RNA by the orcinol procedure, rout ine 
measu remen t  of the ratio of E670/Es~ 0 eliminates the uncer ta in ty  as to whether  sucrose contami-  
na t ion  is occurring. A similar procedure has  been applied by  BROWN 4 for eliminating hexose 
interference in pentose est imations.  

Using mix tures  of RNA and sucrose of known concentrat ion,  it was  found tha t  str ict  
addi t iv i ty  of the ext inct ions either at  52o m/~ or at 67o m p  could not  be obtained. A slight 
deviat ion from addi t ivi ty  in mix tures  appears  to be the general rule (c[. s). At 52o m/~ the deviation 


