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Virus -ce l l  i n t e r a c t i o n s  and t h e  mechanism of  v i r a i  e n t r y  have been t h e .  . 

. . 

'major f o c a l  p o i n t s  o f  t h i s  research..  .A method of  a n a l y s i s  was p e r f e c t e d  to '  

i n v e s t i g a t e  t h e  - 'entry process  ' f o r  herpes .  simplex v i r u s .  This, technique 

. . 
makes use o f  a pho tosens i t i z ing  .dye, FITC, t h a t  coya1.ently b inds  t o  v i r a l  

envelope proteins . .  Treated v i r i o n s  remain u n t i l  t h e  ,. 

. . 
envelope i s ' s h e d  during t h e  process  o f  i n f e c t i o n .  . O u r . d a t a  s t r o n g l y  

' suppor t  an e n t r y  mechanism i n  which t h e  v i r a l  envelope fu.Ses.with t h e  c.e.11 

plasma membrane. Other r e l a t e d  p r o j e c t s  have . involved s t u d i e s  of  t h e  

v i r u c i d a l  p r o p e r t i e s  o f  r e t i n o i d s ,  plaque development c h a r a c t e r i s t i c s  f o r  
. . 

v i r u s e s  su rv iv ing  t rea tment  w i th  membrane. pek tu rbe r s ,  and a  " l a f g e  plaque 

e f f e c t "  t h a t  occurs  when v i r u s  a r e  p l a t e d  on c e l l s  p r e t r e a t e d  wi th  W 

. l i g h t . .  I n  add i t i on ,  we have.  characterizes a  new bac ter iophage ,  i n v e s t i -  

ga ted  t h e  i n t e r a c t i o n s  of d i v a l e n t  c a t i o n s  and p r o t e i n s  wi th  phosphol ip id ' .  

v e s i c l e s ;  extended ou r  s t u d i e s  of  t h e  e f f e c t s  of  hydrophobic photusensi-  

t i z e r s  on c e l l  membranes, and' used t h e  sp in- t rapping  technique t o  
. . 

e l u c i d a t e  t he  , r eac t ion  . . mechanism f o r  an ehzynie-iike a c t i v i t y  i n  s o i l  

' .  ex t r ac t s - :  
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I ' ,  
Efforts in our laboratory this ~ a s t ' ~ e a r  have.focused o.n a.nurnber of 

I ' 

different problems in membrane molecular biology, and several .projects have 
. . 

been brought to conclusion. A major accomplishment was the. use of fluorescein 
. . 

isothiocyanite. (FITC) plus light t'o investigate the mechanism of entry of 

. . 
herpes simplex virus (HSV). Other studies with HSV were,part of our . . 

~ontinuing efforts to develop effective antiviral 'agents that act by 

.viral membrane functions. Basic research on the dynamic and structural 

. . . . '. characteristics of .membran- involving electron spin resonance (ESR) stgdies . 
A 

withspin labels, remains an important part of our work, and new .uses and ' 

. . 

applications of this methodology have developed. Additional, projects completed 

this year include the characterization of ,a new bacterial virus and an investi- 

gation of the effects of acridine plus near-UV'light on E. coli. - -  

A. HSV Entry 

For ,the most part, the mechanism whereby HSV enters its host cell at. the 
. . 

. . 

time ,oi infection -is poorly understpod. ~l'ectron microscopy has proyided no 

convincing proof in support of either membrane fusion or eridocytosis as the 
. . 

mechanism of entry. This technique is employed in experiments where the 

mult,ipl.icity,of infection (MOI) is large,.and it does. not distinguish between 

infectious and qon-inf ecting virus particles. We developed a new approach 

F to study the early events in HSV infection using FITC plus light. This photo- 

sensitizing dye binds covalently to viral glycoproteins, and induces cross- 
" .  

linking reactions when the labeled vkrus are exposed to light.. Thus, FITC- 
. . 

treated virions remain light-sensitive until the envelope is lost at some 

-stage during entry. We carefully compared the kinetics,for loss of light . . 

sensjtiv'ity ~~'FITC-treated virus with the kinetics for loss of antibody 

sensitivity, and found them to be'identical. .This provides strong evidence 
. . 

for membrane fusion, rather than endocytoais, as the mechanism of.entry for 



I 

1 . .  - . p r o g r e s s  Repor t ,  -' page 2 , . (  

' . i n f e c t i o u s  HSV:. T h i s  work b a s  p u b l i s h e d  i n  t h e  Proceed ings  o f  t h e  ~ a ' t i o n a l .  

. . 1:. . Academy o f  s c i e n c e  and a p p e a r s  as ~ p p e n d i x 1  o f  t h i s  r e p o r t .  

I 
.B. ~ i r u c i d a l  R e t i n o i d s  

. . 1 I n  c h a r a c t e r i z i n g  t h e  v i i u c i d a l  a c t i v i t y  ' o f  d i f f e r e n t  c la ' s ses  o f  hydro-. 
I 
I phobic  , a n d . a m p h i p a t h i c  molecu les ,  we found '  t h a t  r e t i n o i d s  a r e  among t h e  most 
I '  .,  

1 pot 'ent  v i r u c l d a l  a g e n t s  i n  v i t r o .  R e t i n a l  i n  p a r t i c u l a r  i s  ex t remely  a c t i v e :  
I -- 

a g a i n s t  HSV and s h o w s , a c t i v i t y  a g a i n s t  o t h e r  v i r u s e s  a s  w e l l :  Some'of t h e  

r e s u l t s  ' o f  t h i s ,  work were  p r e s e n t e d  a t  t h e  ASM c o n f e r e n c e  on  C u r r e n t  Chemo- 

t h e r a p y  and I n f e c t i o u s  D i s e a s e ,  a n d . t h e  p u b l i c a t i o n  o f  t h e s e . p r o c e e d i n g s  i s  
. . 

g i v e n  i n  Appendix 11. I - .  
I 

C. plaque-s ize .  Assay f o r  A n t i l i p i d  Agents 

I We have contended f o r  some t ime  now t h a t  membrane p e r t u r b e r s  may have some 

u t i l i t y  a s  a t r e a t m e n t  f o r  i n f e c t i o n s  caused by enveloped v i r u s e s .  Some o f  
. . 

I 
I .  . t h e  o b v i o u s . a d v a n t a g e s  o f . s u c h ' a q e n t s ,  i n  c o n t r a s t  t o  d r u g s  . t h a t  i n t e r f e r e  

1 
' w i t h  v i r a l  DNA metabo1is.m; a r e  t h e i r  Lack o f  m u t a g e n i c i t y  (and p o t e n t i a l  

c a r c i n o g e n i c i t y )  and t h e i r  l e s s e r  i n t e r f e r e n c e  w i t h  . h o s t - c e l l  metabolism. 

1 T h e r e f o r e ,  it i s  o f  g e n e r a l  i n t e r e s t  t o  u s  t o  have a  way t o  q u i c k l y  i d e n t i f y  
I 

I v i r u c i d a l  a g e n t s  t h a t  may b e  c o n s i d e r e d  a n t i l i p i d  r a t h e r  t h a n  anti-DNA. ' One 
. .  . 

I methdd ' tha t . ' shows  promise  i s  t h e  a n a l y s i s .  o f  p l a q u e  s i z e s  f o r  v i r u s e s  t h a t  
. . 

. . 

s u r v i v e  t h e  t r e a t m e n t .  For  H&, we found t h a t  v i r u s e s  which s u r v i v e  t r e a t m e n t  I . . 

! . 
' 

w i t h  such a g e n t s  as e t h e r  'and b u t y l a t e d  hydroxyto luene  g i v e  normal p l a q u e  I : 
I ,. 

s i z e s ,  whereas t h e  s u r v i v o r s  o f  t r e a t m e n t  w i t h  u l t r a v i o l e t  l i g h t  o r  t h e  

chemical  c a r c i n o g e n  AAAF' g i v e  s m a l l e r  p l a q u e s  i n . c o m p a r i s o n .  T h i s  approach 

t o  t h e  c h a r a c t e r i i a t i o n  o f  y i r u c i d a i  a g e n t s  was. p u b l i s h e d  i n  t h e  ~ i o p h y s i c a l . '  

J o u r n a l  ( s e e  ~ ~ ~ e n d i x '  111) . 
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' . .  
D.  Large-plaque E f f e c t  

' 

An i n t e r e s t i n g  obse rva t ion  was made i n  o u r  s t u d i e s  .of p laque  development 

.1 i n  HSV. We found t h a t  W i r r a d i a t i o n '  o f :  t h e  hos t  c e l l s ,  followed by a  2-day 

i i ncuba t ion ,  r e s u l t e d  i n .  s i g n i f i c a n t l y  l a r g e r  p laques  when t h e s e '  c e l l s  w.ere used 

f o r  p l a t i n g  HSV. 'This  phenomenon, which occurs  wi th  both UV-irradiated and 

u n i r r a d i a t e d  v i r u s ,  i s . . r e f  e r r e d  t o  a s  t he .  Ldr'ge-plaque e f f e c t .  This  i n i t i a l  

1 
' discovery  was . r epo r t ed  i n  ~ h o t ~ c h e m i s t r ~  and Photobiology ( s e e  Appendix..IV) ; 

' 

. . 

' a d d i t i o n a l ' s t u d l e s .  a r e  underway t o  fur . ther  c h a r a c t e r i z e  t h i s  phenomenon. 

. . 
E. Phospholipid'-Djvalent Cat ion  I n t e r a c t i o n s  . . 

. . 
. . 

1 - .  

L a s t  year  we r e p o r t e d  t h e  development o f  a  new method o f  ana lys i s .  f o r  

d e t e c t i n g  and quan t i fy ing  t h e  i n t q r a c t i o n s  o f '  d i v a l e n t  c a t i s n s  wi th  b i o l o g i c a l  
. . 

' ' moie t i e s .  This  technique  has  based on t h e  f a c t  tK2t  haramagnetic ioAg' 

brpaden sp in - l abe l  abso rp t ion  l i n e s ,  and ou r  di 'scovery t h a t  t h e  e x t e n t  o f  

broadening i s  reducdd when t h e  . ion forms . a  c h e l a t e  o r  complex with'  o r g a n i c .  

l i gand  s i t e s .  We completed a  s tudy  t h i s  year  i n  which t h i s  method was used 

t o  i n v e s t i g a t e  i n t e r a c t i o n s  t h a t  occur  between d i v a l e n t  c a t i o n s  and p r o t e i n s  

a t  phosphol ip id  v e s i c l e  s u r f  aces .  By competi t ion a n a l y s i s ,  s e v e r a l  c a t i o n s  

1 were ordered  wi th , . regard  t o  t h e  s t r e n g t h '  o f  t h e i r  b ind ing  t o  v e s i c l e s .  

D i f f e r e n t  p r o t e i n s  were fo,und t o  compete e o ' d i f f e r e n t  degrees  f o r  s u r f a c e  

b ind ing  s i t e s . '  Some evidence was found f o r  protein- induced aggrega t ion  o f  

nega t ive  phosphol ipid s p e c i e s  i n  t h e  membrane b i l a y e r .  Appendix.V g i v e s  a  

1 ;  - .  
f u l l  accoun't ..of t h e  r e s u l t s  of t h i s  s tudy  .. 

. c h a r a c t e r i s t i c s  o f  Bacter iophage Psp231a 

I n  many o f  ou r  s t u d i e s  on a n t i v i r a l  agen t s ,  we u s e d ' t h e  enveloped b a c t e r i o -  

.4 
I phage $6 a s  a  convenient  mode.1 f o r  d e t e c t i n g  and c h a r a c t e r i z i n g  v i r u c i d a l  
f 

i 

a c t i v i t y .  A s  a  c o n t r o l  v i r u s ,  w e  a l s o  used t h e  non- l ip id-conta in ing  b a c t e r t o -  
. . 

. .  ' 

phage Psp231a (formerly des igna ted  $23-1-a). This  v i r u s  i n f e c t s  t h e  same h o s t  . . 

c e l l  a s  does $6, b u t . i s  i n s e n s i t i v e  t o  o rgan ic  s o l v e n t s  and membrane p e r t u r b e r s .  
. . 
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' . Psp231a was .provided t o  us by  Anne 'Vidaver, b u t '  no th ing  was known about  it 
. .  . 

except  a  few s e r o l o g i c a l  d e t a i l s .  We undertook a  thorough c h a r a c t e r i z a t i o n  

o f  Psp231a i n  o r d e r  to. have a  b e t t e r  understanding of  i t s . u s e f u l n e s s  i n  ou r  

s t 'ud ies .  This  work was publ i shed  i n  t h e  . Jou rna l  o f  Virology and i s  inc luded  

a s  Appendix V I  o f '  t h i s  r e p o r t .  

E f f e c t s  o f  Acr id ine  p l u s  Near-W L igh t  on E.. coli 

Acrid'ine i s  ' a  hydrophobic p h o t o s e n s i t i z e r  t h a t  p a r t i t i o n s  . , s t rongly i n to ,  

t h e  o r g a n i c  phase o f  .aqueous-organic two-phase.systems. W e  found e a r l i e r  
. . . . 

t h a t  a c r i d i n e  p l u s  near-UV l i g h t  iS extremely ' e f f e c t i v e  a t  i n a c t i v a t i n g  

l ip id -con ta in ing 'v i ruses  such a s  H;SV and b 6 . b u t  i s  comparatively i n e f f e c -  

t i v e  a g a i n s t  non-:lipid v i r u s e s .  This  yea r  a  s tudy  was completed .of t h e  . 

e f f e c t s  o f  a c r i d i n e  p l u s  nea r -UVl igh t  on - E .  - c o l i .  The damage r e s u l t i n g  

'from t h i s  t rea tment .  appears  t o  involve. both c e l l u l a r  membranes and DNA. An 

i n t e r e s t i n g  obse rva t ion  was t h a t  c e l l s  can recover  from s u b l e t h a l  doses  o f  

a c r i d i n e  p l u s  near-UV i i g h t ,  and t h i s  recove'ry most l i k e l y  i s  due t o  t h e  

r e p a i r  of galnayed rne~rbranes ( s e e  ~ p p e n d i x  VII) . ~ u r t h e r  s t u d i e s  on t h i s  

problem a r e  kn p rog re s s .  

H. Spin-trapping o f  S o i l  Radica ls  . . 

We cont inue  t o  c o l l a b o r a t e  w i t h  other l a b o r a t o r i e s  .on p r o j e c t s  where o u r  

- . spin- ' label  t e c h n o . 1 0 ~ ~  can be o f  va lue .  One p r o j e c t  which w a s  completed t h i s  

yea r  was a. s tudy  o f  f r e e  r a d i c a l s  produced i n  'a r e a c t i o n  mixture  i nvo lv ing  . . 

a s o i l  e x t r a c t .  . W e  use  ' the sp in - t r app ing  method t o  s t a b i l i z e  and i d e n t i f y  

t h e  r a d i c a l  i n t e rmed ia t e  'involved.. This  work h a s  s i g n i f  i c anee  w i th  r ega rd  

t o  t h e  mechanisms whereby s o i l  'humus i s  formed by b i o l o g i c a l  enzymic' kdmppnerits. ' 

The p u b l i c a t i o n  o f  t h i s  work appetirs i n ' ~ ~ ~ e n d i x  V I I I .  
. 
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