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Cyclopentenone  prostaglandin(PG),  zx7-PGA 1 was found to in- 
duce severa l  polypept ides  in human embryonic  f ibrobras t  (HEF) cel ls  
which were  not iced  to be dose - r e l a t ed  and appea red  a f t e r  1 h of 
t r e a t m e n t  with a peak at  around 5 h and gradual  disap-  
pea rance  a f t e r  12 h. PG- induced  prote ins  were a lmost  ident ica l  
in t e rms  of molecular  weights  with those induced by hea t - shock  at  
42 *C. Regarding  the mechanism of inhibit ion of herpes  s implex virus 
(HSV) rep l i ca t ion  by PG in cel l  cul ture ,  dot  blot  hybr id iza t ion  has r evea led  
tha t  the  level  of i m m e d i a t e  ea r ly  (IE) mRNA of the virus was reduced  
a f t e r  PG ~ r e a t m e n t  with t ime  dependence.  And this de layed inhibi tory ef -  
fec t  of zx'-PGA 1 on HSV was shown to be assoc ia ted  with the  produc-  
tion and accumula t ion  of the induced polypept ides ,  ® 1989 A c a d  . . . .  Press, Inc. 

Cyclopentenone  prostaglandins  (PGs) such as PGA and PGJ have 

po ten t  inhibi tory ac t i v i t y  for the growth of a va r i e ty  of cu l tu red  

cei ls  ( 1,2 ). Narumiya  and Fukushima ( 3 ) sugges ted  tha t  those PGs 

exhibi t  thei r  a c t i v i t y  by d i rec t ly  ac t ing  on nuclei  r a the r  than through 

the binding to cel l  sur face  recep tor .  Santro e t  al ( 4,5,6 ) have r ecen t ly  

r epo r t ed  tha t  the ser ies  of  PGA and PGJ are  potent  inhibi tors  of the  

rep l i ca t ion  of  animal  DNA and RNA viruses. Our previous s tudy ( 7 ) 

has shown tha t  zx7-PGAl, one of syn the t i c  cyc lopentenone  PGs, is the 

* To whom all cor respondences  should be addressed.  
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most potent  inhibi tor  for the rep l ica t ion  of herpes  s implex virus (HSV) 

among the nine PGs tes ted;  this compound reduced  the plaque format ion  

of HSV by 50% at a concen t ra t ion  of 0.35 jug]ml at  which pro te in  syn- 

thesis of uninfec ted  cel ls  was not suppressed at  all. Although 

the prec i se  mechanism of the inhibit ion remained  unclear ,  our 

da ta  ind ica ted  tha t  t r e a t m e n t  with / ,7-PGAI suppressed the 

level of immed ia t e  ea r ly  mRNA of HSV. The ob jec t ive  of  the 

present  work was to c la r i fy  fur ther  the mechanism of inhibit ion 

repr ica t ion  by A7-PGA I and to iden t i fy  the  induced prote ins  by of  HSV 

PGs in cel l  cu l ture  and compare  with the hea t - induced  protein.  We also 

t r i ed  to de te rmine  whether  the reduct ion  in the level of IE mRNA of HSV 

assoc ia ted  with the product ion and accumula t ion  of A7-PGA 1 w a s  induced 

proteins.  

MATERIALS AND METHODS 

Human embryonic  f ibroblast(HEF) were  p repared  as descr ibed  pre-  
viously ( 8 ), grown in Eagle,s  essent ia l  minimal  medium(MEM) supple-  
mented  with 10% fe ta l  ca l f  serum(FSC), and used for the expe r imen t s  
be tween  passage 5 and 20. HSV-2 s t ra in  186 was obta ined  from 
Dr. Fred  Rapp, Pennsylvania  S t a t e  Univers i ty  College of Medicine,  
Penna. 

A7-PGA 1 was obta ined  from Teijin Ltd. Tokyo, and J - P G J 2  
from Fuji Chemical  Industr ies Ltd. Takaoka Japan. PGs were 
s tored  as a 100% e thanol ic  s tock  solution (10mg/ml) at -20 °C and were  
di luted to appropr ia te  concen t ra t ion  at  the t ime of ~t~. use. Cycloheximide  
was purchased frog), Sigma chemica l  company.  L-[ ° S] Methionine (600 
uCi /mmol)  and [ a - °aP]dCTP (410 )2Ci/mmol) were  purchased from A m e r -  
sham Labora tor ies .  

Po lyac ry lamide  slab gel e lec t rophores is(PAGE) was ca r r i ed  out 
by the method of Laemmli(  9 ). Samples  were  p repared  as descr ibed  
previously( 7 ). The ac ry lamide  concen t ra t ions  were  8.5% for separa t ing  
gel and 3% for s taking gel. 

Ex t r ac t s  of cy top lasmic  RNA were p repared  as descr ibed  by 
White et  al ( 10 ). HEF cel ls  were pe l l e t ed  by cen t r i fuga t ion  (600 x 
g, 5 rain). A f t e r  suspension in 45 ~ul of i ce -co ld  10 mM Tris(pH 7.0), 1 
mM EDTA, cel ls  were  lysed by addi t ion of 10 jul al iquots of 5% 
Nonidet  P-40 with 5 min of mixing on ice. Following pe l le t ing  of 
nuclei  (15000 x g 2.5 mim), 50 )21 of the superna tan t  was mixed with 
30 )21 of 20x SSC(0.15M NaC1, 0.015M sodium c i t ra te )  plus 20 )21 of 
37%(W/W) formaldehyde.  The mixure was then incubated  at  60°C for 15 
mim, and s to red  at  -70°C.  For  analysis,  each sample  was se r ia l ly  diluted,  
and each dilut ion was appl ied with suction to a 4 mm d iame te r  spot on 
GENE SCREEN PLUS membrane  purchased from New England 
Nuclear .  Dot blot  hybr id iza t ion  was pe r fo rmed  as descr ibed  
previously( 7 ). Cy top lasmic  RNA was hybr id ized with plasmid 
(pACYC 184) conta ining HSV-2 Hind III d iges ted  D f ragment  tha t  were  
shown to code immed ia t e  ear ly  (IE) pro te in  ( 11 ). 

RESULTS AND DISCUSSION 

To examine  the e f f ec t  of A7-PGA 1 on the prote in  synthesis  of 

human embryonic  f ibroblasts(HEF),  conf luent  monolayers  of HEF were 
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Fig.1. Effect  of J - P G A  1 on the protein synthesis of human 
embryonic fibroblast(HEF), Confluent monlayers o.~ HEF were 
t reated for 5 h with various concentrations of z~'-PGA] , and 
labelled with [35S] Methionine for the next one nour. The 
radioactive polypeptide were analyzed by SDS-PAGE as described 
under MATERIALS AND METHODS. ( , )  indicate new proteins induced 
by J - P G A  1. 

Fig.2. The PAGE patterns of labelled proteins from PGs or heat 
t rea ted cells. Confluent monolaye~s of HEF were t reated without PG 
la~, for 5 h with 0.5 ~ug/ml of z~'-PGA 1 (b), for 5 h with 5 )~g/ml of 

z~l~-PGJ 2 (c) and for 4 h at 42 °C (d). ( K )  indicate PGs- or heat-induced 
proteins. 

t r e a t e d  for  5 h wi th  var ious  c o n c e n t r a t i o n s  of  the  compound,  and l abe l l ed  

wi th  [35S]meth ionine  for  the  nex t  one  hour.  As shown in Fig.  1, 

wi th  zx7-PGA 1 s t r ik ing ly  s t i m u l a t e d  the  p roduc t ion  of  s e v e r a l  t r e a t m e n t  

po lypep t ides .  Under  the  cond i t ions  we have  under t aken ,  t he  m a x i m a l  

s t i m u l a t i o n  was o b t a i n e d  a t  the  c o n c e n t r a t i o n s  ranging  f rom 0.2 

to 0.5 jug/ml ,  a t  which the  ove ra l l  p ro t e in  syn thes i s  was s l igh t ly  

suppressed.  H o w e v e r  t r e a t m e n t  wi th  1 ) Jg /ml  of  A7-PGA 1 r e s u l t e d  in a 

m a r k e d  inhib i t ion  of  p ro t e in  synthesis .  

S ince  t r e a t m e n t  of  m a m m a l i a n  ce l l s  wi th  s o m e  drugs have  been  

known to induce  h e a t  shock p ro te ins  ( 1 2 , 1 3 ) ,  we c o m p a r e d  the  P A G E  

p a t t e r n s  of  l abe l l ed  p ro te ins  f rom z x 7 - P G A l - t r e a t e d  
I 

cells with those of 

cells incubated at 42 °C. The results are shown in Fig.2. The apparent 

molecular we±ghts of L7-PGAl-induced proteins coincided with those of 

heat-induced proteins. In cells incubated at 42 °C, however, the 

induction of a protein  wi th  molecular weight of about 20 K was not 
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observed. A12-pGJ2, one of a lkyl idenecyclopentenone PG as well as U- 

PGA1, also induced a set of polypeptides with the same molecular  weight, 

but zxl2-pGJ 2 required much higher concent ra t ions  to induce the proteins 

than A7-PGA 1. 

Fig.3 shows the t ime course of the production of induced 

proteins. In this experiment,  cells were exposed to 0.5 eug/ml A7-PGA 1 

for 1 h at 37 "C, washed with cold PBS twice, and further incubated 

with main tenance  medium at 37 "C in the absence of the drug. The 

cells were then pulse-labelled with [35S]methionine for 1 h at various 

t imes af ter  the beginning of t rea tment .  The synthesis of PG-indueed 

proteins was detec table  at 1 h af ter  t r ea tmen t  and increased 

gradually for the following 5 h. Following that  the synthesis of 

PG-induced proteins decreased and became undetec table  by 24 h af ter  

t r ea tment .  The results showed that exposure to 0.5 pg / ml  of A7-PGA1 

for 1 h gave rise to the optimal synthesis of induced proteins 

without s ignif icant  suppression of const i tu t ive  host cell protein synthesis. 

Our previous study ( 7 ) suggested that  the inhibition of HSV 

repl icat ion by A7-PGA 1 was primarily due to the inhibition of immedia te  

early mRNA synthesis. The following exper iments  were thus performed 

to examine whether the level of immedia te  early viral mRNA is 

suppressed in the cells pre t rea ted  with aT-PGA 1 without maintenance .  

Cells were t rea ted  with A7-PGA 1 (0.5 jag/ml) for 1 h, washed with cold 

PBS three times, and further incubated with main tenance  medium at 

37 "C. At l, 3 and 5 h af ter  the beginning of t rea tment ,  the cells 

were infected with HSV at a mult ipl ic i ty  of l0 PFU/cel l  and incubated 

for 4 h in the presence of cycloheximide. Cytoplasmic RNA was then ex- 

t rac ted  and examined by dot blot hybridyzation using the Hind III D 

f ragment  as a probe which included immedia te  early genes. As shown 

in Fig. 4, no signif icant  inhibition of IE mRNA synthesis was observed 

if HSV was infected at 1 h af ter  t r ea tmen t  whith 0.5 )ag/ml A7-PGA 1. 

When infected  at 3 and 5 af ter  t r ea tment ,  however, the obvious reduc- 

tion of IE mRNA was demonstrated.  The level of IE mRNA was reduced 

by more than 90% in the cells infec ted  at 5 h af ter  t r ea tment .  

In this study we demonstra ted a delayed inhibitory effect  of a 7- 

PGA 1 on the repl icat ion of HSV: when the cells t rea ted  with ap- 

propriate concen t r a t ions  of the drug were throughly washed with PBS, the 

reduct ion in the level of IE mRNA was exhibited in the manner  of 

t ime-dependence.  This delayed effect  was found to be associated with 

the product ion/accumula t ion  of PG-induced proteins, the molecular  

weights of which were apparent ly identical  to those of heat shock 

proteins. Although we don' t  know yet the mechanism how PG-induced 

192 



Vol.  158, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0 1 3 5 8 12 14 24 (h) 

115K t 

90KD x l  X 2  X 4  X 8  X16 X 3 2  

3 e  0 • , 

~ ~ ' ~  5 ~.- ~ 

( ~ )  ~=~ ,.~, - -  =h= . . .~  - - ,  ~ ~ . . . .  ( ~ ( h )  

Fig.3. The time course of the production o~ a7-PGAl-induced 
proteins. HEF cells were t reated with 0.5 )ag/ml of a ' - P G A  1 for 1 h at 
37 *C, washed with cold PBS twice, and further incubated wil?h maintenance 
medium at 37 °~= in the absence of PG. The cells were then pulse- 
labelled with [oaS] Methionine for 1 h at various times after  the 
begining of t reatment .  { I,) indicate PG-induced proteins. 

Fig.4. Inhibition o f  immediate  early viral mRNA synthesis in the 
~ p r e t r e a t e d  with a ' -PGA1.  Cells were t reated with a ' -PGA 1 (0.5 
)ag/ml) for 1 h, with cold PB~S three times, and further incuba ted-  with 
maintenance medium at 37 *C in the absence of PG. At various times 
af ter  the beginning of t reatment ,  the cells were infected with HSV and 
Incubated for 4 h in presence of cycloheximide (100 jag/ml). 
Cytoplasmic RNA was diluted serially twofold. Extraction of cytoplasmic 
RNA and dot blot hybridization • were performed as described in the 
MATERIALS AND METHODS section. 

p ro te ins  work  in the  suppress ion  of  IE m R N A  level ,  s imi la r  m e c h a n i s m  

may  be invo lved  in t he  r egu l a t i on  of  ce l l  p r o l i f e r a t i o n  by PGs. 
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