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Deoxyribonuclease-Labi le  Infective Units  from Adenovirus 

In  1961, SMULL, MALLETTE, and  LUDWIG 1 in t roduced  
the  isotonic h i s tone  m e t h o d  for infec t ing  H e L a  cells wi th  
pol iovirus  RNA.  A var ia t ion  on th is  t h e m e  appea red  in 
1965, when  PAGANO and  VAHERI 2 r epor ted  t h a t  ano the r  
polyca t ion ,  d i e t h y l a m i n o e t h y l  ( D E A E ) - d e x t r a n ,  en- 
hanced  infect ion wi th  pol iovirus  RNA.  The purpose  of 
th is  r epo r t  is to  descr ibe our  f inding t h a t  D E A E - d e x t r a n  
enhances  infect ion of h u m a n  ca rc inoma s t ra in  K B  cells 
wi th  hea t - shocked  (70°C, 20 sec) h u m a n  adenov i rus  
t y p e  1. 

Mater ia ls  and  methods. Cells, med ia  and  plaquing.  Calf 
s e r u m - a d a p t e d  K B  cells, f rom the  Amer ican  T y p e  
Cul ture  Collection (ATCC), were grown and  m a i n t a i n e d  
u n d e r  m e d i u m  S, which  con ta ins  4% calf serum, excep t  
for  s h o r t - t e r m  m a i n t e n a n c e  unde r  m e d i u m  H, which is 
m e d i u m  S w i t h o u t  se rum (CHAPIN and  DUBESa). Cells 
were  washed  wi th  (1) the  phospha t e -bu f f e r ed  saline (PBS) 
of DULBECCO and  VOGT 4, (2) P B S  minus  CaC12 and  MgCI2, 
refer red  to  as m e d i u m  A, or (3) the  ba lanced  salt  solut ion 
( B S S )  o f  H A N K S  a n d  W A L L A C E  5. A modif ica t ion  of the  
p laque  m e t h o d  of ROUSE, BONIFAS, and  SCHLESINGER 6 
was  used. 

Viruses.  The  Adenoid  71 s t ra in  of h u m a n  adenovi rus  
t y p e  1, f rom ATCC, was  used. Most  of the  expe r imen t s  
were  done  wi th  a la rge-plaque  m u t a n t  (DUBES, ROEGNER 
and  MOYER, unpubl i shed)  of th is  s t ra in .  Virus  s tocks  
were  p r e p a r e d  in P B S - w a s h e d  infec ted  cells under  
m e d i u m  H a n d  gave  t i te rs  usual ly 1-4 × 108 p laque-  
fo rming  un i t s  (pfu)/ml.  

Hea t - shock .  In  m o s t  tes ts ,  a sample  of virus  s tock  was 
d i lu ted  6- or 20-fold in to  10 m 3 I  Na~HPO 4 a t  t h e  ' shock '  
t e m p e r a t u r e .  Af te r  a p r e d e t e r m i n e d  t ime,  a sample  was  
d i lu ted  in to  I0 m M  Na ,HPO4 a t  0°C. In  a few tests ,  t he  
virus  s tock was  hea t ed  undi lu ted .  In  all tests ,  care was 
t a k e n  t h a t  no mic rodrop le t  escaped  the  heat ing .  

D E A E - d e x t r a n  e n h a n c e m e n t  me thod .  The cell shee t  in 
a 60 m m  Pe t r i  dish was  covered  wi th  5 ml med ium A and  
incuba ted  a t  a b o u t  25 °C for 15 min.  The med ium A was 
discarded,  and  the  p la te  was inocula ted  wi th  hea t - shocked  
virus  in m e d i u m  A con ta in ing  D E A E - d e x t r a n  (Phar-  

macia,  M.W. 2 × 106) a t  300 f*g/ml and  Na2HPO 4 at  
7 or 8 m M  (from the  hea t ing  and cooling diluent) .  
I nocu lum volume was usually 0.2 or 0.3 ml. The inocula ted  
dishes  were incuba ted  at  abou t  25 °C for 15 min,  washed  
wi th  5 ml BSS,  and over layered  for p laque  deve lopment .  

Enzymes ,  inhib i tor  and sera. E lec t rophore t i ca l ly  puri-  
fied deoxyr ibonuc lease  I was ob ta ined  from Sigma 
Chemical  Co. Bovine pancrea t ic  r ibonuclease  (crystal l ized 
5 t imes,  salt  free) and  t ryps in  (crystal l ized twice) were 
ob ta ined  f rom Mann Research  1,aboratories,  Inc.  Solu- 
t ions  con ta in ing  500 pg  enzyme/n i l  p repa red  in au to-  
c laved deionized dist i l led wa te r  were passed t h r o u g h  
Nalgene m e m b r a n e s  of 450 nm poros i ty  and s to red  a t  
-- 60 °C. A solut ion of soybean  t ryps in  inh ib i to r  (crystal-  
lized 5 t imes,  Nut r i t iona l  Biochemicals  Corp.) a t  2.5 mg /ml  
p r e p a r e d  in au toc laved  deionized dist i l led wa te r  was 
passed  t h r o u g h  an ul t raf ine  s in tered  glass f i l ter  and  s tored  
a t  - - 2 0 ° C .  H u m a n  adenov i rus  t y p e  1 an t i s e rum and 
contro l  serum, bo th  from rabbi ts ,  were ob ta ined  f rom 
Microbiological  Associates.  

Results .  In fec t iv i ty  af ter  hea t -shock.  W h e n  I ) E A E -  
d e x t r a n  was used, p laques  were regular ly  p roduced  a f te r  
inocula t ing  virus shocked  at  60% 70 ° or 80°C for 20 sec. 
W h e n  phenol  was used in place of hea t -shock,  no 
in fec t iv i ty  was de tec ted .  I t igher  t i ters  were o b t a i n e d  
when  the  virus s tock was hea t - shocked  in a 6- or 20-fold 
d i lu t ion  t h a n  when  it was hea t - shocked  undi lu ted .  W h e n  
the  D E A E - d e x t r a n  e n h a n c e m e n t  m e t h o d  was followed, 
bu t  t he  D E A E - d e x t r a n  itself was  omi t t ed ,  no p laques  
were  produced .  The n u m b e r  of p laques  p roduced  by 
70°C-shocked virus  was  (a) largely i n d e p e n d e n t  of t he  
t ime  a t  70°C (Figure 1) and  (b) d i rec t ly  p ropor t iona l  to  
t he  c o n c e n t r a t i o n  of hea t ed  virus  inocula ted  (Table I). 
The infec t iv i ty  was s table  in 10 m M  Na2HPO 4 a t  0 °C for 
a t  least  2 h (Figure 2). 

Ef fec ts  of enzymes .  I n c u b a t i o n  of 70°C-shocked virus 
wi th  deoxyr ibonuc lease  or t ryps in  des t royed  the  infec- 
t iv i ty .  T h a t  each e n z y me  was effect ive because of its 
ac t ion  on the  infect ive  uni ts  r a the r  t h a n  on the  infect ion 
process  was shown by  tes ts  including add i t ions  of enzymes  
to t he  inocula jus t  before  inoculat ion (Table II).  For  
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Fig. 1. Effect of time at 70 °C. Log titer is log,o (pfu]ml), calculated 
back to undiluted virus stock in each case. The data are from 
3 experiments, each with a different virus stock and a different cell 
batch. Circles and diamonds, experiments heating virus stock 20-fold 
diluted in 10 mM Na~HPO4; squares, experiment heating undiluted 
stock. 

Table I. Plaquing linearity 

Concentration of 
70 °C-shocked 
stock inoculated 

Mean nmnber of plaques/Petri dish 

Experiment Experiment Experiment 
C32 C41 C66 

1/100 not done not done 38 
1/30 20 38 not done 
1/10 62 116 400 
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trypsin, this point was confirmed using soybean trypsin 
inhibitor; and the effectiveness of this inhibitor showed 
that the effect of the trypsin preparation was due to 
trypsin itself (Table III). Incubation of 70°-shocked 
virus with ribonuclease did not significantly affect the 
infectivity. 

Inactivation by MgC1 v In early tests of deoxyribo- 
nuelease, MgC1, was added. Controls soon established that 
MgCI~ by itself abolished the infectivity of 70 °C-shocked 
virus and that the MgCI, was effCctive because of its 
action on the infective units (Table IV). 

Non-nentralizability. Incubation of 70 °C-shocked virus 
in 0.25% (by volume) antiserum did not affect its infec- 
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Fig.  2. Ef fec t  of t ime  a t  0 °C a f t e r  70 °C-shock.  Log  t i t e r  as in  F igure  1. 
D a t a  a re  f r o m  3 e x p e r i m e n t s ,  w i th  d i f fe ren t  v i r u s  s tocks  a n d  cell 
ba t ches .  L o g  t i te rs  of u n h e a t e d  samples  were :  circle e x p e r i m e n t ,  7.9; 
d i a m o n d ,  7.8; squa re ,  8.2.  D u r i n g  i n c u b a t i o n ,  the  v i rus  s tock  was  a t  
a c o n c e n t r a t i o n  of  1/80 (circles a n d  d i a m o n d s )  o r  9180 (squares) .  

t iv i ty ;  this concentration completely neutralized samples 
of unheated virus (Table V). 

Discussion.  The plaquing linearity suggests that  each 
infective unit present after 70°C-shock is sufficient for 
plaque initiation. Denaturat ion of capsid proteins is 
extremely rapid at 70 °C ; yet  the effect of trypsin suggests 
tha t  some protein is essential to the infective unit 
'surviving'  this temperature,  and the plaquing linearity 
further suggests that  this essential protein is part  of the 
infective unit. Thus, we view this infective unit as ex- 
posed adenovirus DNA with some protein, presumably 
capsid, attached. The essential function of this protein is 
not clear, though it is clear tha t  its function is not  
neutralizable with specific antiserum. One hypothesis is 
that  the protein performs a compacting service; tha t  is, 
it may diminish the extension of the DNA and thus make 
more likely the presentation of a manageable DNA 
package to the ceil. In this regard, we recall tha t  extended 
a d e n o v i r u s  D N A  is  1 1 - 1 3  # l o n g  ( G R E E N ,  P l I~A,  K I M E S ,  
W E N S I N K ,  M A C H A T T I E ,  a n d  THOMAST) ,  w h i c h  is  a b o u t  

h a l f  t h e  d i s t a n c e  a c r o s s  a K B  ce l l .  
T h a t  M g C 1 ,  i n a c t i v a t e s  t h e  i n f e c t i v e  u n i t  i s  r e m i n i s c e n t  

of the inactivating effect of Mg ++ on poliovirus RNA 
(LAMB,  C H A P I N ,  a n d  D U B E B S ) .  H o w e v e r ,  t h o u g h  M g + +  is  

Tab le  IV. Ef fec t  of MgCI~ 

C o n c e n t r a t i o n  (mM)  of La t e  MgCI~ 
a d d e d  MgC12 d u r i n g  a d d i t i o n  
i n c u b a t i o n  a t  15°C * 

Mean n u l n b e r  of 
p l a q u e s / P e t r i  d ish  a 

T a b l e  II .  A c t i o n  of d e o x y r i b o n u c l e a s e  a n d  t r y p s i n  

I n c u b a t i o n  L a t e  e n z y m e  Mean  n u m b e r  of  
a t  15°C ~ a d d i t i o n  p l a q u e s / P e t r i  d i sh  

No  none  18 
a d d e d  d e o x y r i b o n u c l e a s e  b 22 
e n z y m e  t r y p s i n  ~ 16 

Deoxyr ibonuc l ea se ,  none  b 0.3 
3 /~g /ml  

T r y p s i n ,  3 /~g /ml  none  b 1.8 

All i n c u b a t e d ,  w i th  v i rus  s t o c k  a t  c o n c e n t r a t i o n  9/10,  for  20 ra in .  
u A d d e d  e n z y m e  a t  1 /3/~g/rnl  in i n o c u l u m .  

T a b l e  I I I .  Ac t ion  of t r y p s i n  i nh ib i t o r  

C o n c e n t r a t i o n  of a d d e d  S u b s e q u e n t  Mean 
e n z y m e  d u r i n g  5 -min  pre-cel l  i n c u b a t i o n  n u m b e r  of 
i n c u b a t i o n  of wi th  s o y b e a n  p l a q u e s / P e t r i  d ish  b 
70 °C-shocked  t r y p s i n  
v i rus  a t  15 °C i n h i b i t o r  (SBTI)  

No  a d d e d  n o  23 
e n z y m e  yes a 20 

T r y p s i n ,  n o  0 
2 0 / z g / m l  yes ~ 0 

T r y p s i n ,  20 /~g /ml ,  no  16 
p r e t r e a t e d  wi th  S B T I  • 

I n c u b a t i o n  wi th  S B T I ,  a t  c o n c e n t r a t i o n  ( in/~g/ml)  8 t imes  t h a t  of 
t r y p s i n ,  a t  15 °C for  30 rnin. b 4 or  5 d ishes  for  e ach  i n o c u l u m .  

0 no  3.7 
yes  b 5.8 
yes c 4.8 

10 no  b 0.5 

25 no e 0 

All i n c u b a t e d ,  w i th  v i rus  s tock  a t  c o n c e n t r a t i o n  9/80,  for  20 nfin. 
A d d e d  MgC12 a t  0,89 m M  c o n e e n t r a t i o u  in  i n o c u l u m ,  c A d d e d  

MgC12 a t  2.2 m M  c o n c e n t r a t i o n  in i n o c u h n n ,  a 4 d i shes / inoeu lum.  

Tab le  V. Ef fec t  of se ra  

Virus Experi- 
ment 

Mean n u m b e r  of p l a q u e s / P e t r i  dish~ 
a f t e r  i n c u b a t i o n  b 

W i t h o u t  W i t h  0 .25% W i t h  0 .25% 
s e r u m  con t ro l  a n t i s e r u m  

s e r u m  

U n h e a t e d  1 49 44 0 
c o n t r o l  2 26 23 0 

70°C - 1 70 83 60 
shocked  2 34 25 29 

3 or  4 d i shes / inocufum,  for  each  e x p e r i m e n t ,  b A t  15 °C for  30 rain.  

7 M. GREEN, M. PIf,!A, R.  KIMES, P. C. WENSINK, L. A. MACHATTIE 
a n d  C. A. THOMAS JR., Proe.  n a t n .  Acad .  Sci. ,  U S A  57, 1302 (1967). 

8 R. D. LAMB, M. CtIAPIN a n d  G. R. DUBES, Arch .  ges. Vi rusforsch .  
15, 486 (1965). 
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known to ca ta lyze  chain scission of R N A  (e.g. LINDAHLg), 
the  act ion of Mg ++ on D N A  is p robab ly  dif ferent  (e.g. 
LYONS and KOTIN~°). LYONS and KOTIN indicated tha t  
an excess of MgCI~ could cause charge reversal  of calf  
t h y m u s  D N A  and t h a t  large charge reversal  would  de- 
s tabi l ize the  2-stranded s t ructure .  Also, the  mere  changing  
of adenovi rus  D N A  from a po lyan ion  to a polyca t ion  by 
adding  Mg ++ migh t  give a p roduc t  whose infec t iv i ty  
would  no t  be enhanced by a po lyca t ion  like D E A E -  
dex t r an  n 

mi t  Ribonuklease  oder  spezifischem Ant iserum) konnte  
die Infekt ios i t~ t  le icht  beseitigen. 

G. R. DUBES, KAREN U. t{OEGNER 
and J .  C. CRONN 

Eugene C. Eppley Institute/or Research in Cancer 
and Allied Diseases, and Department o/Medical 
Microbiology, University o[ Nebraska College o/Medicine, 
Omaha (Nebraska 68105, USA), 27 November 1967. 

Zusammen/assung. DiAthylamino~ithyl  Dex t r an  e rh6ht  
die In fek t ion  menschl icher  Krebszel len ( S t a m m  KB) m i t  
h i t zebehande l t en  (70°C, 20 sec) menschl ichen Adeno-  
viren,  T y p  1, s tark.  I n k u b a t i o n  dieser h i t zebehande l ten  
Viren mi t  Desoxyr ibonuklease ,  Tryps in  oder  MgC12 (nicht 

9 T. LINDAHL, J. biol. Chem. 2d2, 1970 (1967). 
lo j .  w. LyoNs and L. KOTIN, J. Am. chem. Soc. 87, 1781 (1905). 
ll Acknowledgment: We thank H. NELSON and KARFN HANGREN 

for skilled assistance. 

F o r m a t i o n  of A b n o r m a l  M y c e l i u m  of F u s a r i u m  r o s e u m  Link.  on  a Modif ied C z a p e k - D - A m i n o  A c i d  

M e d i u m  

In  the  prev ious  repor ts  1,2, the  au thors  have  ment ioned  
t h a t  some of p l an t  pa thogenic  fungi have  an abi l i ty  to 
uti l ize D-amino acid. The  present  s tudy  was under t aken  
to inves t iga te  the  morphologica l  character is t ics  of the  
myce l ium which developed meager ly  on a med ium con- 
ta in ing  D-amino acid as a n i t rogen source. 

G-s t ra in  (Shinshu Univers i ty)  of Fusarium roseum Link. 
was inocula ted  on a modif ied Czapek 's  med ium in which 
NaNOs was replaced by  an equ iva len t  n i t rogen  con ten t  
of D- or  L-isomer of 9 amino  acids, and  then  kep t  a t  28 °C. 

Af ter  10 days, the  myce l ium was examined  under  a 
l ight  microscope;  the  myce l ium which developed poorly  
on a modif ied  Czapek 's  med ium conta in ing  D-alanine, 
n-arginine,  D-lysine or  D-methionine,  is b roader  in wid th  
t h a n  t h a t  of the  respect ive  L-amino acid, and has m a n y  
large granules  in the  cell. 

F igures  2 and 3 show a yeast- l ike  cell of the  myce l ium 
developed on the  med ium conta in ing  D-arginine, on which 
the  g rowth  was re tarded.  The  morphologica l  deve lopmen t  
in t he  p lo t  of L-alanine, L-arginine, L-tysine or  L-methio- 
nine was the  same as tha t  in Czapek (NaNOs) medium.  I t  
was evident ,  however ,  t h a t  yeast- l ike  cells of mycel ia  
were observed on the  med ium conta in ing  D-arginine, and 
chlamydospore- l ike  cells were found on the  med ium con- 
ta in ing  valine,  especially its D-isomer, as shown in Figure  4. 
The  yeast- l ike cells were found af ter  4 days  on the  Czapek- 
D-arginine medium.  These cells are c lear ly  di f ferent  from 
the  chlamydospore .  

To clar ify the  effect  of D-arginine concent ra t ion  on the  
fo rmat ion  of this  yeast- l ike  celt, D-arginine was di lu ted 
to  1/2, l/a, 1/s and I/1 ~ f rom a modif ied Czapek ' s  basal  
medium.  Af te r  10 days,  a lot  of yeast- l ike cells was 
observed  in all the  plots  of D-arginine concen t ra t ion  up 
to 1/8. But ,  in the  plot  of 1/1 ~ D-arginine, the  fo rmat ion  
was poor, 

To know the  effect of D/L rat io of amino  acid in Czapek 's  
m e d i u m  on the  format ion  of yeast- l ike cells, the  ra t io  of 
D-arginine to L-arginine was var ied  to (6 : 0), (5 : 1), (4: 2), 
(3:3), (2:4), (1:5) and (0:6) respect ively .  Af te r  10 days,  
abno rma l  mycel ia  were observed a b u n d a n t l y  in the  plots  
of h igher  rat io,  (6:0) and (5:1). The  fo rmat ion  was poor  
in (4:2) or  (3:3) and no fo rmat ion  in (2:4), (1:5) or (0:6). 

I n  this connect ion,  i t  would  be in teres t ing to  s tudy  the  
metabo l i sm of D-amino acids, especial ly D-arginine by 

p lan t  pa thogenic  fungi in view of the  morphogenesis  in 
fungi 3,4. Detai ls  will be repor ted  elsewhere. 

Fig. 1. Mycelia of F. roseum obtained from a Czapek-L-arginine 
medium. Ca. × 400. 


