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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. 

Z. A. SHAIKH and O. J.  Lucre  

Departments o/Biochemistry and Pathology, 
Dalhousie University, Halifax (N.S., Canada), 
15 March 1971. 

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. 

n O. H. LOWRY, N, J. ROSEBROUGH, A. L. FARR and R. J. RANDALl,, 
J. biol. Chem. 193, 265 (1951). 

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 



1026 Speeialia EXPERtENTrA 27•9 

Eagle ' s  basa l  m e d i u m  ( l m l )  con ta in ing  calf se rum (10%) 
and  NaHCO 3 (0.088% w/v) and  then  in f resh m e d i u m  
(2 ml) con ta in ing  se rum (10%), N a H C O  3 (0.176%) and,  
if desired,  v i rus  and  compound .  In  d e t e r m i n a t i o n s  of 
inh ib i t ion  of vira l  mul t ip l i ca t ion  ~, N a H C O  3 (0.176%) 
was  p r e s e n t  t h roughou t ,  b u t  se rum was  absen t  dur ing  
the  16 h vira l  mul t ip l i ca t ion  per iod and  only  5% was  
p r e s e n t  in  t h e  s u b s e q u e n t  vira l  t i t r a t ions .  The  MI~I cells 
were  grown for  1 d a y  in Eagle ' s  basa l  m e d i u m  (0.5 ml) 
con ta in ing  foetal  bovine  se rum (10%) and  NaHCO3 
(0.0445/0) a n d  for 4 days  in Eag le ' s  basa l  m e d i u m  (2 ml) 
con ta in ing  foe ta l  bov ine  se rum (2%) a n d  NaI-ICOa 
(0.176%). This  was  t h e n  replaced b y  s imi lar  m e d i u m  con- 
t a in ing  v i rus  and  compound .  Benzyl-penici l l in  (100 U/ml)  
a n d  s t r e p t o m y c i n  (100 ~tg/ml) were  p r e s e n t  in all  cases.  

Toxicities. E R K  cells were  g rown in serial  d i lu t ions  of 
each  compound .  The  m a x i m u m  to le ra t ed  concen t r a t i on  
(MTC; Table  I) was the  h ighes t  concen t r a t ion  hav ing  no 
visual  ef fect  on cell morpho logy  or mul t ip l i ca t ion  for up  
to  41]z days.  C o m p o u n d s  were  less tox ic  t o  M K  t h a n  to  
E R K  cells. 

Inhibit ion o/ cytopathic e//ect (CPE) .  Cultures were  
s imul taneous ly  in fec ted  wi th  a r ange  of v i rus  concen-  
t r a t i o n s  and  t r e a t e d  w i t h  c o m p o u n d s  a t  a p p r o p r i a t e  

Table I. Protection afforded by compounds illustrated by percen- 
tage remission times for infected cells • 

Compound Tested MTC ~ Virus Cox- 
iz-mol- ( [zM) Polio Polio Polio sackie 
arity i b 2 ~ 3 b A9 o 

HBB (Ia) 105 210 0 40 0 50 
PHBB (Ie) 10 80 7 47 7 64 
HFBB (Ic) 65 130 7 60 7 86 
5-FHBB 40 160 7 53 7 86 
(Ib) 80 - 10 73 10 100 
FPHBI3 9.4 75 89 100 40 100 
( I d )  1 8 . 8  - 100 100 53 100 

37.5 - 100 100 100 100 

f rac t ions  of the i r  ( E R K  cell) MTC's,  H B B  (Ia) a t  50% 
MTC and  P H B B  (Ie) a t  121/~% MTC were  inc luded as 
s t anda rds .  Time for  t h e  50% C P E  end -po in t  of each 
tube  was noted .  D a t a  f rom one of t he  pol iovirus  1, 2 and  
3 and  coxsackievi rus  A9 concen t ra t ions  are p o r t r a y e d  in 
Table  I and  f rom 4 eoxsackie  A21 concen t ra t ions  in 
Table  II .  

Inhibition o/ viral multiplication. Cells, infec ted  wi th  
400 TCDs0 units ,  were  i ncuba t ed  wi th  a range  of com-  
p o u n d  concen t r a t ions  for 16 h. Af te r  r epea t ed  freezing 
and  thawing ,  TCDs0's were de te rmined .  The  increase  in 
virus concen t r a t i on  over  t h a t  of cell-free cont ro ls  was  
p l o t t e d  aga ins t  c o m p o u n d  concen t r a t ion  and  the  com- 
p o u n d  concen t r a t ion  giving 75% inh ib i t ion  of vira l  
rep l ica t ion  thus  ob ta ined  (Table I I I ) .  

Activities. The  MTC's  of t h e  f luoro de r iva t ives  were  
only  6 to  38% less t h a n  those  of the i r  non- f luor ina ted  
analogues  (Table I). However ,  t he  presence  of t he  f luorine 
s u b s t i t u e n t  m a r k e d l y  increased  b o t h  the  p ro t ec t ion  of 
cells aga ins t  vi ra l  C P E  (Tables I and  II)  and  t h e  inhibi-  
t ion  of vira l  mul t ip l i ca t ion  (Table I I I ) .  In  the  e x p e r i m e n t  
of Table  II,  40 ~3[  P H B B  gave l i t t le,  and  105 [zM H B B  
gave  no inh ib i t ion  of C P E  a t  any  of t h e  t e s t ed  v i ra l  
concen t ra t ions .  The  inh ib i t ion  of pol iovirus  2 rep l ica t ion  
i l lus t ra tes  t he  effect  of the  new s u b s t i t u e n t ;  t hus  Table  I I I  
shows t h a t  F P H B B  has  50 t imes  the  mola r  ac t iv i ty  of 
H B B  and  over  10 t imes  t h a t  of P H B B .  Hi the r to ,  t he  
l a t t e r  was  a m o n g s t  t he  m o s t  ac t ive  of t he  select ive an t i -  
p icornavi ra t  agen ts  ~, z. 

A t  concen t ra t ions  up to  35 ~tM, F P H B B  did n o t  accel- 
erate  t he  t h e r m a l  inac t iva t ion  t h a t  occur red  when  polio-  
v i rus  2 was  i n c u b a t e d  a t  37 °C in t he  absence  of ceils. 

Preparation of the o-nitroanilines and o-phenylenedi- 
amines, 1. 4-Fluoro-2-ni t roani l ine ,  m.p.  93-94 °, was ob- 
t a ined  in 48% yield f rom p-f luoroani l ine  b y  n i t r a t ion  
using copper  n i t r a t e  4. Reduc t ion  w i t h  zinc and  sod ium 
h y d r o x i d e  gave the  4-f iuorodiamine  (47% yield), m,p .  
93-94 ° (from benzene- l igh t  pe t ro leum)s .  

Table III. Micromolaritics giving 75% inhibition in viral mtdti- 
plication 

• Defined by 100 AtlAto, where At is the time intervM between 50% 
CPE for compound-treated infected cells and for the corresponding 
untreated infected controls and &to is the difference in time between 
50% celt death of non-infected and 505/o CPE of infected controls. 
Cell life of non-infected and iufected cells were 4.5 and 0.75 days 
from start of experiment (virus inoculations were approximately 
10 B TCDs0 units), b In ERK cells, c In MK cells. 

Table II. Protective effect of FPHBB (Id) against coxsackic A21 
infection of ERK cells * 

FPHBB Virus inocula (logl0TCDs0 units per tube) 
concentration 5.4 4.4 3.4 2.4 
(ptM) 

0 0 (12.) 0 (30 b) 0 (4s b) 0 (66 b) 
9.4 0 8 10 14 
18.8 6 15 20 43 
37.5 13 23 50 100 

Given as percentage reufission times (see footnote ~ to Table I). 
b Time in h to reach 50% CPE in controls (uninfected controls were 
50% dead 4112 days from the start of the experiment). 

Compound Virus a 
Polio Polio Polio 
1 2 3 

Cox- 
sackie 
A21 

HBB (Ia) 160 35 160 
PHBB (Ie) 9 7.5 22.5 
HFBB (Ic) 35 10.5 36 
5-FHBB (Ib) 30 10 25 
FPHBB (Id) 2 0.7 1.5 15 

Poliovirus strains used in these present studies were L Sc 2 ab, 
P 712 Ch 2 ab, and Leon 12 ab. 

x D. G. O'SULLIVAN, C. LUDLOW, D. PANTIC and A. K. WALLIS, 
Antimicrobial Agents and Chemotherapy - 1969 (American Society 
for Microbiology, Washington, D. C. 1970), p. 153, 
D. G. O'SULLIVAN, Viruses and the Chemotherapy o/Viral Diseases, 
Royal Institute of Chemistry, Lecture Series 2, 34 I1965). 

3 D. G. O'SULLIVAN, D. PANTIe and A. K. WALLIS, Experientia 23, 
704 (1967). 

4 K. TAKATORI, Y. YAMADA, T. ARAI and R. NAKAZAWA, J. pharnl.  
Soc. Japan 78, 108 (1958); Chem. Abstracts 52, 11013¢ (1958). 

s W. T. S~ITH jR. and E. C. STEINLE, J. Am. chem. Soc. 75, 1292 
(1953). 
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2. Propylamine (0.2 mole) was added to 2, 5-difluoro- 
nitrobenzene (0.08 mole) in ethanol (24 ml). Crystals 
separated on standing, which formed red plates (from 
ethanol) of 4-Iluoro-2-nitro-N-propylaniline (89.5% yield), 
m.p. 65-66 ° (Anal.-Found: C, 54.5; H, 5.50; N, 14.0. 
C ,HnFN,O , requires C, 54.5; H, 5.59; N, 14.1%). 

This product (0.017 mole) was mixed with granulated 
t in (3.8 g), concentrated hydrochloric acid (9.0 ml) was 
slowly added, and then the mixture was warmed to 
lo0°C for 40 min. After cooling, it  was made alkaline, 
extracted with ether and the combined ethereal extracts 
extracted with M hydrochloric acid (total of 50 ml). 
Dissolved ether was removed and the combined acidic 
extracts (containing the diamine) were immediately con- 
densed with mandelic acid. 

Preparation of the benzimidazole derivatives. 1. o-Phe- 
nylenediamine (0.01 mole), p-fluoromandelic acid (0.015 
mole) and M hydrochloric acid (25 ml) were heated under 
reflux for 6 h. The reaction mixture was cooled, treated 
with concentrated ammonium hydroxide and the pre- 
cipitate collected. The latter gave 2-(m-hydroxy-p-fluoro- 
benzyt)-benzimidazole (HFBB) (75.4% yield) as micro- 
crystals from benzene, m.p. 105-106 °; M (mass-spectrum), 
242; v [Me, SOl --2.20br (1H, NH), 2.4-2.6 (4H, m, 
aromatic), 2.7-2.9 (4H, m, aromatic), 3.46 (1H, d, J 
4Hz, OH), 4.06 (1H, d, J 4Hz, CH-Ph). The hydrochloride 
crystallized from ethanol-ether as prisms, m.p. 285 ° (dec.) 
(Anal.-Found: C, 60.2; H, 4.43; N, 10.1. ClaH1,C1FNaO 
requires C, 60.3; H, 4.34; N, 10.1%). 

2. 5- Fluoro- 2- (c¢- hydroxybenzyl)benzimidazole (5- 
FHBB) was obtained in a similar manner  from 4-fluoro- 
o-phenylenediamine (1 mole) and mandelic acid (1.3 
mole), bu t  in 33.3% yield. The hydrochloride separated 
from the reaction mixture and was collected, dissolved 
in water, and the solution treated with charcoal. After 
addition of concentrated ammonium hydroxide, the pre- 

cipitated base was crystallized from aqueous methanol 
as plates, m.p. 207.5-208.5 ° (Anal.-Found: C, 69.2; 
H, 4.59; N, 11.5; M [mass-spectrumS, 242. Cl iHnFN20 
requires C, 69.4; H, 4.58; N, 11.6%; M, 242); v [Me,SOl 
--2.45 br (1H, NH), 2.4-2.8 (7H, m, aromatic), 3.03 
(1H, td, J 9 and 3Hz, H-6), 3.47 br (1H, s, OH), 4.07 
(1H, s, CH-Ph). 

3. 5-Fluoro- 1-propyl- 2- (e-hydroxybenzyl)benzimida- 
zole (FPHBB) was obtained from 2-amino-4-fluoro-1- 
propylamine (1 mole) and mandelic acid (1 mole) using 
the procedure described for the p-fluoro derivative. The 
yield was 45.5% from the nitropropylaniline. The 
5-fluoro-l-propyl compound crystallized as plates from 
aqueous methanol, m.p. 169-169.5 ° (AnaL-Found: C, 
72.1; H, 5.90; N, 10.0. C17HtrFNzO requires C, 71.8; 
H, 6.03; N, 9.9%). 

Cleariy F P H B B  is an outstanding compound of un- 
rivalled inhibit ing activity and comparatively low cyto- 
toxicity. Its potential  is enhanced by its accessibility 
from a 3-stage synthesis with an overall yield of 40.7%. 
We are continuing our study of the spectrum of antiviral  
activity of these fluoro compounds, their mode of action 
and the possible development o f res i s tan t  virus strains. 

Zusammen[assung. Fluorierte Derivate des 2-(e-Oxy- 
benzyl)-benzimidazol hemmen die Vermehrung des Polio- 
virus, 1, 2 und  3, sowie diejenige des Coxsackievirus 
A9 und A21. 

D. G. O'SULLIVAN, CAROLYN M. LUDLOW 
and A. K. WALLIS 

Courtauld Institute o/Biochemistry, 
Middlesex Hospital Medical School, 
London W T P  5 P R  (England), 16 March 1971. 

The Major Carotenoid P igments  of Six Species of 

In  the blue oceanic barnacle Lepas [ascicularis a pre- 
ponderance of astaxanthin has been found, associated 
with the characteristic blue carotenoproteinl, *. The lit- 
toral stalked species Pollicipes polymerus also contains 
large amounts of astaxanthin and its esters, although 
lutein is the second major pigment, rather than zeaxanthin 
as in L. [ascicularis 8. In  contrast the parasitic rhizo- 
cephalan species Sacculina carcini only contains fl-caro- 
tene 4. Three further stalked species, in addition to  more 
specimens of L. [ascicularis, and 2 sessile species from 
very different environments have been investigated. 

Lepas anatiJera, L. /ascicularis and L. pectinata were 
obtained during cruises of RRS Discovery in the eastern 
north Atlantic in 1967, 1968 and 1969 and Conchoderma 
virgatum were removed from the ships hull at the same 
time. All other animals were deep-frozen at  - -20 °C on 
board ship unt i l  they could be transported back to the 
laboratory for analysis. Chthamalus /ragilis were kindly 
obtained by Dr. P. BACON of the University of the West 
Indies and flown live to England and Elminius modestus 
were grown on settling plates at  the Admiralty exposure 
trials station, Portsmouth, through the courtesy of Mr. 
D. HOUGHTON. 

I t  proved impracticable to remove gut contents before 
the pigments were extracted, bu t  the sessile species were 
scrubbed before removal from their sett lement sites in 
order to remove any adventi t ious plant  material  on the 

Barnacle 

external surfaces of their plates. All pigments were 
extracted, identified, and quant i ta t ive determinations 
made, as described earlier 5. Chthamalus and Elminius 
extracts were saponified before separation in order to 
remove relatively large amounts of lipid and some chloro- 
phyll products. 

The results of the analysis of the various species are 
given in the Table. Although the stalked species have a 
carotenoid content some 10 times that  of the sessile 
species when calculated on a fresh weight basis the 
values would probably be much more nearly equivalent 
were the weights of the animals '  calcareous plates not 
included. The content of as taxanthin  in L. /ascicularis 
is rather lower than in the earlier analysis 2, and this is 
almost certainly correlated with the almost total  absence 
of blue somatic coloration and blue eggs in the animals 
used in the present investigation. There is a consequent 
relative increase in the content of zeaxanthin and its 
esters, and there is a significant proportion of fucoxanthin. 

1 D. L. Fox and G. F. CROZIER, Experientia 23, 12 (1967). 
2 D. L. Fox, V. E. S~tITH and A. A. ~¥OLFSO~', Experientia 23, 965 

(1967). 
s A. R. MOLTER, Comp. Biochem. Physiol. 28, 675 (1969). 
4 R. LEVEL, C. r. Aead. Sci., Paris 238, 948 (1954). 

P. J. HERRING, J. mar. biol. Ass. U.K. 49, 766 (1969). 


