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I s o l a t i o n  o f  C a d m i u m - B i n d i n g  P r o t e i n s  

The  ex i s tence  of c a d m i u m  b ind ing  p ro t e in  (Cd-BP) in 
var ious  m a m m a l i a n  t issues  and  cells have  been  r epo r t ed  
b y  us and  a n u m b e r  of o the r  workers  x-s. The  isola t ion 
p rocedure  descr ibed  for 'me ta l lo th ione in '  by  KKGI and  
VALLEE % ~ and  la te r  modi f ied  b y  PULIDO et  a l3  was  initi-  
a l ly e m p l o y e d  in our  l abo ra to ry  to  inves t iga te  t h e  r a t  
l iver  c a d m i u m  b i p d i n g  c o m p o n e n t s  labeled  w i t h  z°~Cd. 
Owing to  t h e  cons iderab le  loss of r ad ioac t i v i t y  a n d  hence  
poor  r ecove ry  of t h e  p ro t e ins  a t  t h e  ini t ial  e thano l -  
ch loroform p rec ip i t a t i on  s tep,  an  a l t e rna t e  p rocedure  
was  devised.  Us ing  th is  m e t h o d  i t  was  possible  to  isolate 
two  d i s t i nc t  species of C d - B P  accoun t ing  for 60-70~/o of 
t he  t o t a l  1°9Cd. 

Mater ia l s  and  methods. R a t s  of W i s t a r  s t r a in  were  
in jec ted  in t h e  in t e r scapu la r  region w i t h  CdClz and  
x°~CdClv Liver  was  cu t  in to  smal l  p ieces  a n d  homo-  
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Fig. 1. Scheme for the isolation of Cd-binding proteins (Cd-BP). 

genized (20% W/V)  in sucrose so lu t ion  using a glass 
homogen ize r  w i t h  te f lon  pest le .  The  h o m o g e n a t e  was  
cen t r i fuged  in an  u l t racen t r i fuge  ( In te rna t iona l  E q u i p -  
m e n t  Company ,  Model  B-35), to  ob ta in  the  soluble frac- 
t ion  x0. Tris  buffers ,  0 .001M and  0 .25M w i t h  respec t  to  
t r i s  ( h y d r o x y me t h y l )  a m i n o m e t h a n e  were  p r e p a r e d  in 
glass d is t i l led  w a t e r  a n d  a d j u s t e d  to  p H  8.6 w i t h  HC1. 
Sod ium azide (0.02~/o) was  used  as p rese rva t ive .  S e p h a d e x  
gels and  ion exchange r  were  p r e p a r e d  as r e c o m m e n d e d  
b y  t h e  m a n u f a c t u r e r  (Pha rmac ia  F ine  Chemicals ,  Swe- 
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Fig. 2. Gel filtration of soluble fraction on Sephadex G-75 column 
(2.5 x 90 cm). Flow rate 18.6 ml/h. Tr¢s-HC1 pH 8.6, 0.001 M buffer. 
The rat was treated with 0.01mM CdClz/kg daily for 12 days. A single 
s.c. injection of carrier-free s0~CdClz was given 24 h before sacrifice. 
Fresh liver was used and 14 ml of the soluble fraction was applied on 
the column. 
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Fig. 3. Purification of Cd-BP on DEAE-Sephadex 
A-25 column (1.5 ×27 cm). The column was equilibra- 
ted with Tris-HC1 pH 8.6, 0.001M buffer for 3 h (2 void 
volumes). Flow rate 12 ml/h. The molarity of Tris-HC1 
represents the influent gradient. 
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den). The  samples  were appl ied on the  columns under  
a layer  of e la t ion  buffer. The  eff luent  f rom the  co lumn 
was moni to red  a t  2537 ~_ by  L K B  Uvicord  and 10 rain 
f ract ions were col lected by  L K B  R a d i R a c  fract ion col- 
lector  d i rec t ly  in to  t he  7-count ing via ls .  All  opera t ions  
were  carr ied ou t  a t  4°C. The  co lumn  fract ions  were  
assayed for 1°9Cd by  a dual  channel  Nuc lea r  Chicago 
Spec t romete r  w i th  an eff iciency of 51%. Cd-BP conta in ing 
fract ions were pooled and freeze-dried using VirTis  freeze- 
drier. Po lyac ry l amide  gels were prepared  according to  
the  manufac tu re r ' s  ins t ruc t ion  m a n u a l  (Canalco, USA).  
Pro te ins  were q u a n t i t a t e d  by  LowRY'S m e t h o d  11. Rad io-  
ac t ive  cadmium-109  was purchased  as l°*CdC1, carr ier  
free, wi th  rad iochemica l  pu r i t y  be t t e r  t han  99% from 
N E N  Corporat ion,  Boston,  Massachusetts .  

Cd-BP 
1 

Crude Cd-BP 
2 

i 

Results and discussion. The  Cd-BP were first  induced 
in ra t  by  s.c. in jec t ion  of CdC1, 5. L ive r  t issue was homo-  
genized and f rac t iona ted  as described in F igure  1. 
F igure  2 shows the  e lut ion pa t t e rn  of the  soluble frac- 
t ion on Sephadex  G-75 column.  Almos t  al l  l°gCd was 
associated wi th  a low molecular  weight  UV-l igh t  absorb-  
ing prote in  peak.  The  to ta l  recovery  of ~°gCd from the  
co lumn was be t t e r  t h a n  98%. Crude Cd-BP conta in ing  
fract ions were  pooled and freeze-dried. Salts were re- 
moved  by  gel f i l t ra t ion on a Sephadex  G-25 co lumn 
(2.5 × 50 cm) and  e lu ted  wi th  dist i l led water .  Over  95% 
of t he  appl ied  pro te in  and I°~CA were recovered in the  
void  v o l u m e  of the  column.  The  desal ted  prote in  frac- 
t ions were freeze-dried and kep t  in the  dessicated s ta te  
unt i l  fu r ther  use. Abou t  5 mg of crude prote in  was dis- 
solved in 1 ml  of 0 .001M Tris buffer  and applied on 
D E A E - S e p h a d e x  column.  The  prote ins  were e luted by  
Tris-HCl concen t ra t ion  grad ien t  formed by  mixing  0.25 M 
Tris buffer  (12 ml/h)  wi th  100 ml  of t he  s ta r t ing  buffer. 
As shown in F igure  3 two  ma jo r  UV-l igh t  absorbing pro-  
te in  peaks  con ta in ing  109Cd and numbered  as Cd-BP  1 
and Cd-BP 2 were isolated. H o m o g e n e i t y  of these pro- 
teins was ver i f ied by  disc electrophoresis .  As shown in 
Figure  4, C d - B P  1 and Cd-BP  2 migra ted  as single bands 
hav ing  s imi lar  mobi l i t ies  to those separa ted  from the  
crude prote in .  To locate t he  pos i t ion  of 1°9Cd, uns ta ined 
gels were sliced into  smal l  discs 1 m m  in thickness  and 
counted  in t he  7-spectrometer .  Rad ioac t i v i t y  was present  
in the  pro te in  s ta ining region. 

The  procedure  descr ibed above  is useful for ana ly t ica l  
purposes,  bu t  i t  can be easi ly adopted  for the  p repa ra t ive  
scale by  appropr ia te  ad jus tmen t s  in the  co lumn dimen-  
sions. The  t r e a t m e n t s  g iven  to t he  macromolecules  are 
re la t ive ly  mi ld  and  the  pr inciples  invo lved  in t he  isola- 
t ion  procedure  can be  ut i l ized for the  isolat ion of o ther  
me ta l  b ind ing  proteins.  

R~sumL Un proc~d~ pour  l ' i sola t ion des prot6ines com- 
binges au Cd rad ioac t i f  (x0*Cd) a ~t~ mis au point .  La  
m~thode  ne d~trui t  pus les prot~ines. D ' au t r e s  prot6ines  
a y a n t  des affinit~s pour  les mStaux  lourds pour ron t  ainsi  
~tre isol~es. 
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Fig. 4. Disc electrophoresis of Cd-BP (rat liver). Electrophoresis was 
carried out at room temperature in 7% polyacrylamide gel, using 
pH 9.5 Tris-glycine buffer. The applied current was 5 mA/column. 
Proteins were fixed in 12% TCA and stained with Coomassie blue. 
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T h e  H i g h  A c t i v i t y  o f  F l u o r o h y d r o x y b e n z y l b e n z i m i d a z o l e s  A g a i n s t  S o m e  S m a l l  R N A - V i r u s e s  

O'SULLIVAN, LUDLOW, P A N T I C  a n d  W A L L I S  1 reported 
t h a t  t he  in t roduc t ion  of a 5-fluoro subs t i tuen t  in to  
2- (a-hydroxybenzyl )benzimidazole  ( H B B ;  Ia) p roduced  
a no tab le  increase in p ro tec t ive  ac t i v i t y  towards  t issue 
cul tures  infected wi th  pol iovirus.  In fo rma t ion  is now 
given on this  f luoro de r iva t ive  ( 5 - F H B B ;  Ib) and on 
two new h ighly  ac t ive  f luoro compounds ,  2-(m-hydroxy- 
p- f luorobenzyl )benzimidazole  ( H F B B ;  Ic) and 5-fluoro- 
2- (=-hydroxybenzy l ) -  1 -p ropy lbenz imidazo le  ( F P H B B ;  
Id). The  l a t t e r  is by  far  the  mos t  ac t ive  of al l  t he  an t i -  
p icornavi ra l  benzimidazoles  h i the r to  inves t iga ted .  

1 11 c-c-  / \ = /  
I 

R 

I a ; R  = R  1 = R ~ = H  
Ib; R = R 2 = H , R  1 = F 
I c ; R =  R 1 = H , R  2 = F 
I d ; R  = Pr, R 1 = F, R ~ = H 
Ie; R = Pr, R 1 = R ~ = H 

The compounds  were tes ted wi th  polioviruses 1, 2 and 
3 and coxsackievi rus  A21 in E R K  (human) cell l ine 
monolayers  and  wi th  coxsackievirus  A9 in secondary  
M K  monolayers .  The  E R K  cells, on subcul tur ing,  were 
grown in s lowly revo lv ing  tubes  a t  37°C for 3 days  in 


