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The  effect of zinc on 5-nucleotidase of cobra venom and the interference 
of o ther  nucleotides 

( ' t l l) l ' i l  VCIIOll/ C'tillt{tillS l l l l l (h  Zill(' (S('('l). "[']ll' d r ied  V( l l l l l l l  tl:~t'(l i l l  t ] l t '  [)1('S('111 \\'()1 l< {> Ih ; t l  
descri l+ed in an ear l ie r  p u b l i c a t i o n  e and c<mtait>; >.z i i lg /g  Zn.  Th is  cori'csp+>nd> t<~ [ >. I t l  I I1 ~.1 
in t i le  n u t u r a l  v0n( l l l l  (assuming +t >;p. 7r.  ill' I .()58 ~lnd th~lt t i l t  + Vell( l l l l  dr ies t<> {lilt + t h i r d  ,>1 i l -  
Jrc'sh \veigl~ta). The  t 'xpor i lnc+nts to> lie rcp+wtcd wt!i-(, curl- led ~>tit in o.<,- > I I  barl>it~tl<' tmllct" 
( p t t  'q.-t} a t  3o w i t h  o. i ? .  d r ied  <'<>l>r+~ \'L'n(ll]/ ( g i v i ng  a lu lu t  t.++" i l l  r, .11 Zn) ti-~ing +ls sul)sti~lt<' 
a d e n o s i n e - 5 ' - p h o s p h a t e  ( A M I  >) {al>ottt 7"i<~ 'a 31). 

l>art iu[  r0mox 'a l  ~lf the  n a t u r a l l y  iJt:C'tllTillg ZII  fi-(lil/ the  s\'stt?itl \?lice'ted a t \ \ t~tohl  inc:t-c'a>t' 
in  the  5 -nuc loo t i dasc  a c t i v i t y  and n'ltll+C~ c<mlplt<te ronlov~l l  w i t h  cxcess t!thyloncdi~lt l/ inc'tt l t i+a~tt eti~ 
ac id  folh~\ved b y  add\t iara o f  Mg,  incl-eascd the a t t i v i t y  alm<>st by  four .  A d d i t i o n  <~f Zn t -  th i> 
m i x t u r e  caus0d i n h i b i t i u n  ; lgain.  I t  \va~ I~lund t ha t  Zl l  and  \ M I '  m u t u a l l y  p rec ip i ta te '  ;is a gc la l i  
llOlIS Ill{tss and  t i t r aL ion  CllI-VOS ~,tlgg(?st t h a t  il (o l l l l )o t ln ( [  is fo lU/ed be tween  t't l t l tt l  t l l l) lcs ~li XII 
and  . \ M I  >. H+/wex'er, since in the ~il)(>\'t' incu l>at i tms the  . \ M I '  c o n c e n t r a t i , m  is i to t imes their 
of Zn. it s e e m s  u n l i k e l y  t h a t  the  Zn e x e r t s  its in l luenco liy p r e c i p i t a t i n g  t h e  StllJStr{IfD('..\dditi.n 
to  t h e  c r u d e  venol l l  ~l[' ]~11+~o {lllll)lllltS /if Zl/ ll~D {tl 2. I - I o  2 .1I does  c au se  t u r t h o r  inhibit i~m ~i 
t i le  enz \ 'me  (pro l+a l l ly  b v  rom,'>\al o f  A M I ' )  bu t  sma l le r  mht i t i~ms, up  to  to a .1I. have  n~> t'lf~.?c t 
I t  is l ikely,  thcrel'<n-c, t h a i  tilt' nat t l r ; l lh" <lccurrillg Zll inh ib i t s  tilt! .5 ntlclc'(/tid~tsc c/c'ti\ 'it\ '  I)\ 
c o m b i n i n g  wi th  t h e  r n z y m c  r a t h e r  t h a n  wi th  t he  s u b s t r a t c .  T h e  v e n o m  c o n t a i n s  Mg (o.l t rag, ' \  
d r i ed  v e n o m )  a a n d  the  e n z \ ' m e  s e e m s  t<> r e q u i r e  this.  <+i- Mn. for its a c t i \ ' i t \  a. T h e  s imi la r - i t \  
be tween  MK and Zn bo th  il l a t ( re l ic  rad ius  and  i<,nic ('h{/I'gC, ~til(l t i le  g rea te r  t e n d e n c y  <6 Zn 
t o  fo rm ctm~ple:-;0s s u p p o r t  t i l l '  h y p o t h e s i s  t h a t  Zn h~hib i ts  the  enzvn l i c  a c t i v i t y  I)y replclcingt ~I~ 
on the  onzy l l l o .  Ei>PERSOX"-' alS<> f( i t l l ld Zl l  t(> inh i l> i t  A M P  b r e a k d o w n  l) t l I  lie used 4 in , l /  Zl l  ; inlt  
(|ties no t  r e p o r t  t i le  stll)s;lr~ltt ' ( imc' t ' t l t r~ l t i l ln .  ]{I'P|£1{S()N'S llllil-~2 rO('(!II[ pu l ) l i ca t i t l n  6 Ii;is ll~*l Ill+on 
av~t i lab io  to  the  au th~ r .  

l ) u r i n g  p re l im in~ l r y  ex tmr ime i~ ts  to i nves t i ga te  p<~ssiblc i n h i b i t i o n  <>1 5-nuch'(>t idasc I>\- <+tht't 
n u c l e o t i d e s  an onhal lCOl l lo I l t  o f  "tile onzx'mt" l / y  V I ' I '  l ind d i p h t > s p h o p y r i d i n e  nuc leo t i de  ( I ) I ' N  
was d i scove red .  Severa l  ( ) thor nucle l l t i ( l t ;s  and tmr i ne  der i \ ' a t i \ ' es  b e i m v c d  s i m i l a r l y  ('l'cll~Ic' I 
col. 2). ( ) n l v  A I ) I '  ] lad a n y  s ign i f i can t  i nh i b i t ,  wy  effect,  h lorgunic '  pht~sphute und |>yrl lph~l~ph~ltu 
h a v o  i nsu l ] t c i on t  in fh lenco  l : /  : / ( 'c l l t l l l t  f l i t  these <A)s(:r\ : i t ions. 
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t e t r a a c e t i c  ac id  and  M g  ion. 
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The only simple explanat ion seems to be tha t  the added substances remove an inhibitor 
from the scene of activity. If such were the case these substances should effect no enhancement  
of the enzyme in the absence of the inhibitor. After removal of Zn from the venom this is the 
case. After dialysis of the venom overnight  against barbitone buffer, with subsequent  addition 
of ethylenediaminetetraacetic acid to remove remaining metals, followed by Mg addition, no 
enhancement  was obtained with those nucleotides tried. (Table I, col. 3). Inhibit ion occurred 
with ATP and ADP (probably competitively). If competit ive inhibition is superimposed upon 
the actual enhancement  then the recorded enhancement  for ATP in Table I, col. 2 will be low. 
In the presence of extra  Zn (4" io 3 M), ATP (3-5" io-~ M) inhibited the activity 6o%. Under 
these conditions it is possible tha t  the effective concentrat ion of AMP was reduced and tha t  
ATP was able thereby to compete more strongly for the enzyme. (The opti inum concentrat ion 
of AMP in this system is about  3" to a 3.l.) However  this suppor ts  the idea tha t  the nucleotides 
enhance by combining with Zn, and when they are previously " sa tu ra t ed"  with the metal there 
is no enhancement.  There was no competitive inhibition by DPN or nicotinamidemononuclet)tide 
(NMN) confirming the similar result of HEPPEL A:qD HILMOE 7. 

AS there is a great excess of AMP capable of precipitating the Zn, simple salt formation 
and precipitation of the metal by the added substances cannot  explain these results. The formation 
of a less dissociated compound of Zn, such as a complex or chelate, mus t  be considered. Further-  
more, ADP has no enhancing effect on the enzyme system: it inhibits to a similar extent  irre- 
spective of the presence of Zn, so tha t  an explanation of the effect of ATP must  differentiate 
it from ADP. 

Titrat ion curves confirm tha t  both ATP 
a paper  ionophoretic strip of some of the nu- 
cleotides with and wi thout  Zn (o. 5 mole). The 
extent  of trail of Zn towards the positive 
electrode presumably  gives a measure of the 
s t rength of a Zn-nucleotide complex. The 
more such a complex is dissociated the sooner 
will it break down as the products  move 
away from one another.  There is some Zn- 
ATP complex left after 1. 5 h but  the Zn-ADP 
compound is broken down sooner, suggesting 
a weaker binding of Zn. The Zn-AMP pre- 
cipitate is slowly dissolved as the products  
move in opposite directions and disturb the 
equilibrium. 

I t  is supposed by CALVIN 8 and MELCHIOR 9 
that  in certain enzymic phosphate  transfer- 
ring reactions involving ATP, ADP, DPN, 
coenzyme A, etc., the metal ion required, 
usually Mg or Mn, is joined to two phosphate  

and ADP form complexes with Zn. Fig. I shows 

(Cathode) 

AMP 

ADP (Anode) 

ATP 

Fig. I. Paper  ionophoresis of adenine nucleotides 
with and wi thout  approximately half mole of 
zinc. Tris buffer p H  8.2. ~.5 h at 25 ° C. IoV/cm.  
o.2 mA/cm width. Nucleotides (open areas) de- 
tected by  ultra-violet light. Zinc (shaded areas) 

detected by dithizone-in-chloroform spray. 

oxygens forming a six-membered ring, the metal then being able to chelate with suitable groups 
on the enzyme. In the absence of protein such metal compounds  may be less stable and more 
dissociated. Studies by MONK 1° on metal complexes with the inorganic polyphosphates  have 
shown tha t  a slight increase in stability is obtained with increase in phosphate  chain length. 
Similarly, one would expect a greater stability for Zn-ATP than  for Zn-ADP. If the stabili ty 
of the 5-nucleotidase-Zn complex happens to fall between these two, then the enhancement  of 
the crude venom activity by ATP but  not by ADP is explained. However, it can be shown 
with atomic models tha t  by  folding ATP about  the ribose moiety a tetrahedral  ar rangement  
(preferred by co-ordinated Zn) can be provided to co-ordinate a Zn atom by means of the amino-N, 
the N at position 7 and the fl- anti y-phosphate  oxygens. This would presumably  afford an extra 
stabil i ty to the complex which is not possible with ADP owing to the shorter  chain length. Re- 
cently RAAFLAuBll, 12 has suggested that  metalcomplex formation may  be a function of ATP and 
the results of NEUBERG'S studies ~3 on the solubilising properties of ATP may be explained similarly. 

ALBERT 14 has shown tha t  inosine, hypoxanth ine  and riboflavine have an avidity for metals, 
chelating them through a ter t iary heterocyclic N and an acidic OH in the peri position. Likewise 
the former may  remove Zn ion from the systeins under  consideration. Inosinetr iphosphate  (ITP) 
and fiavinemononucleotide (FMN) may do so by a similar mechanism. 

The t i t ra t ion curves for D P N  with and wi thout  Zn do not  differ markedly until pH 6 is 
reached, when there is evidence of ionisation of the DPN molecule in the presence of Zn. The 
groups responsible for this are not  known but  cannot  be the phosphate  hydrogens as these are 
ionised at this p H  (@15,16). Above about  pH 8 the Zn-DPN curve approximate ly  coincides with 
the sum of the D P N  and Zn curves separately. From Fig. i it would seem tha t  DPN does not 
form a complex with Zn at pH 8 or above, at least in the absence of protein. I t  may  be tha t  
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prote in  present  in the cobra venom incuba t ions  s tabi l iscs  a Zn- I )PN conlplex in the manner  
described by CALVIN 8. However ,  it is of in te res t  t h a t  the DPN molecule can theore t i ca l ly  m- 
~ o m n m d a t e  a t e t r ahedra l ly -co -o rd ina ted  Zn a tom using two phospha t e  oxygens,  adenine  ami'no-N 
and n i co t inamide  amide-N.  

Ev idence  is now avai lab le  for the funct ional  role of Zn in 1)l~N-alcohol dehydrogenasc  
systenls~V,lS, TM. Other  ins tances  have  been repor ted  of the effect of Zn and other  meta ls  ~,n I)I 'N 
and dehydrogenases~°,  ~ and upon general  phospha te  metal)ol ism 2a. 
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Bacterial protoplasts: growth and division of protoplasts of 
Bacillus megaterium 

The sub-ce l lu lar  organel les  produced by d iges t ing  away  the cell walls and cross sep ta  or 
Bacillus megaterium are capable  of syn thes i s ing  proteiu,  nucleic acids and a d a p t i v e  enzymes  
(McQun.LEN1,2), of suppor t ing  the g rowth  of bac te r iophages  (SALTON .aND McQuILLENa: 
BRENNER AXD STENT 4) and of a l lowing the  d e v e l o p m e n t  of endospores  (SALTONS). The digest ion 
wi th  lysozyme,  if carr ied  out  in su i tab le  media  of high osmot ic  pressure,  conver t s  the rod-shaped 
bacil l i  in to  from one to four spher ical  p ro top las t s  (\~EmOLL6,V; McQoILLEX~). These have  now 
been shown to be able to increase in size and  dry weight ,  and to divide.  

S t ra in  KM of B. megaterium was grown in a g lucose /NHa/sa l t s  med i um:  the cells were 
harves ted ,  washed and conver ted  to p ro top las t s  as descr ibed earl ier  (McQuILLEN 1) excep t  t h a t  
in some expe r imen t s  phospha t e  buffer (o. 5 ~V/, pH  7.o) was used as s tab i l i se r  in place of sucrose 
(7.5 % w/v).  Samples  of i n t ac t  cells and p ro top las t s  were centr i fuged,  r insed twice with the 
s tab i l i s ing  med ium and resuspended  in the  same med ium to which had been added glucose 
(0.5 % w/v) and  e i ther  Bac to  pep tone  (o.1 <!L w/v) or a m i x t u r e  of i8 amino  acids each a t  a final 
concen t ra t ion  of 5 ° ttg/ml (McQUILLEN AND SALTONg). 250 ml lots of these suspensions  (~a. 
Ioo l lg dry  we igh t  per nil) were incuba ted  a t  "28;C in rocked Roux  bot t les  f i t ted with an air 
ven t  t h rough  a rubbe r  bung. At in tervals ,  5 ° m l  samples  were removed,  t r ea ted  with formaldehyde .  
cent r i fuged,  washed  twice with dis t i l led wa te r  and dried to cons t an t  weight.  Table  I records 
some typ ica l  results .  

Both  the p ro top las t s  and the i n t ac t  cells more than  doubled  in dry  weigh t  dur ing  the first twt~ 
hours  of incuba t ion  bu t  whereas  the  l a t t e r  con t inued  to grow exponent ia l ly ,  the p ro top las t s  
increased more or less l inearly.  Whe the r  th is  is s ignif icant  of a difference in behav iour  or whe the r  
it is due to lysis of some of the very fragile pro toplas t s ,  is not  known  bu t  s imi lar  resul ts  haxe  
been obta ined  on m a n y  occasions. Dur ing  the  course of such an expe r imen t  which was prolonged,  


