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Storage  of Purif ied Plant  Viruses  in the Unfrozen  

This  c o m m u n i c a t i o n  descr ibes  a m e t h o d  of s torage  of 
pur i f ied  p l a n t  v i ruses  wh ich  prec ludes  mic rob ia l  g r o w t h  
a n d  wh ich  preserves  t h e  v i rus  in a n  u n a l t e r e d  s t a t e  w h e n  
judged  b y  t he  c r i t e r ia  of e lec t ron  microscopy,  d en s i t y  
g r ad i en t  c en t r i f uga t i on  and  infec t iv i ty .  A l t h o u g h  s imi la r  
to  t he  f i l t r a t ion  m e t h o d  r ecen t l y  descr ibed b y  PERRY 
a n d  VINCENT 1 for a n i m a l  viruses,  t he  m e t h o d  descr ibed  
here in  differs in  t h a t  an  e v a c u a t e d  t u b e  is ut i l ized in t h e  
f i l t r a t ion  process  and  for s torage  of t he  virus ,  

Mater ials  and methods. The  viruses  inc luded  in th i s  
s t u d y  were alfalfa  mosaic  v i rus  (AMV) and  tobacco  
mosaic  v i rus  (TMV). The  AMV was purif ied,  sub jec t ed  
to  dens i ty  g r ad i en t  c en t r i f uga t i on  and  assayed  for infec- 
t i v i t y  as descr ibed  p rev ious ly  2. The  T M V  was pur i f ied  
b y  a modi f i ca t ion  3 of t h e  ce l i te -charcoal  m e t h o d  of 
STEERE 4 and  sub jec t ed  to  dens i t y  g r ad i en t  cen t r i fuga-  
t i on  and  assayed  for i n fec t iv i ty  as p rev ious ly  described3.  

The  AMV was suspended  in 0 . 0 1 M  p h o s p h a t e  buffer ,  
p H  8.0, and  s to red  for 5 weeks a t  4~ before  tes t ing .  
The  T M V  was suspended  in double  dis t i l led w a t e r  an d  
in 0 . 0 2 M  p h o s p h a t e  buffer ,  p H  7.5, a n d  s tored  for 28 
weeks a t  4 ~ before  t e s t i n g  B o t h  v i ruses  were also s tored 
in t he  f rozen s t a t e  for c o m p a r a t i v e  s tudies  w i t h  un f rozen  
a n d  f reshly  pur i f ied  virus .  

F o r  e lec t ron  mic roscopy  t h e  v i rus  p r e p a r a t i o n s  were 
e i the r  sp rayed  on to  grids followed b y  shadow cas t ing  
w i t h  p a l l a d i u m  m e t a l  or mixed  w i t h  n e u t r a l  phospho-  
t ungs t i c  acid (PTA) and  p i p e t t e d  on to  microscope grids. 
All spec imens  were e x a m i n e d  in t he  RCA E M U - 3 B  
e lec t ron  microscope.  

The  qua l i t y  of t he  s to red  v i rus  p r e p a r a t i o n s  was con- 
s idered to be  sa t i s fac tory ,  (a) if t h e y  were free of mic rob ia l  
g rowth ,  (b) if t he re  was no  increase  in v i rus  par t ic le  
aggregat ion ,  (c) if t he re  was no  vis ible  d e g r a d a t i o n  of 
v i rus  par t ic les  a n d  (d) if t he  in fec t iv i ty  was m a i n t a i n e d  
a t  a h igh  level w h e n  c o m p a r e d  w i t h  f reshly  pur i f ied  virus .  

Fil t ra t ion  and  storage procedure. The  suspens ions  of 
pur i f ied  v i rus  were p laced  in a s t e a m  ster i l ized glass 
syr inge  a t t a c h e d  to a Mill ipore micro-syr inge  f i l ter  holder  
c o n t a i n i n g  e i the r  a 0.22 ~ or a 0.30 [~ f i l ter  5. I n  our  
s tud ies  we used a 0.22 $ f i l ter  for AMV and  a 0.30 
f i l ter  for TMV. A steri le  18 guage  needle  was asept ica l ly  
a t t a c h e d  to t h e  syr inge  w i t h  f i l ter  holder .  The  needle  
was t h e n  forced t h r o u g h  t he  r u b b e r  s topper  on  a B - D  
V a c u t a i n e r  b lood  col lec t ing t u b e  e. The  surface of t h e  
r u b b e r  s toppe r  was s ter i l ized w i t h  95% e thano l  p r io r  to  
inse r t ion  of t he  needle.  The  v a c u u m  in t he  V a c u t a i n e r  
t u b e  caused  t h e  v i rus  suspens ions  to be  d r a w n  t h r o u g h  
t he  f i l te r  in to  t he  t u b e  a f t e r  which  the  needle  was wi th-  
d r a w n  f rom the  r u b b e r  s topper .  Use of t he  e v a c u a t e d  
t u b e  p rov ided  a sealed c o n t a i n e r  for s torage  a f t e r  f i l t ra-  
t ion.  The  as sembled  a p p a r a t u s  is shown  in F igure  1. 

Precautions.  To p r e v e n t  f i l ter  m e m b r a n e  b r eakage  
w i t h  r e su l t ing  c o n t a m i n a t i o n ,  t he  syr inge  a p p a r a t u s  
should  be  a u t o c l a v e d  a t  a p ressure  of 15 p.s.i, for 20 rain  
w i th  slow e x h a u s t  of t he  au toc lave .  The  p lunge r  shou ld  
be  s ter i l ized sepa ra t e  f rom the  syr inge a n d  f i l ter  holder .  
Af te r  t he  v i rus  suspens ion  ha s  been  injected,  and  before  
t h e  needle  is r e m o v e d  f rom t h e  V a c u t a i n e r  tube ,  t h e  
p lunge r  should  be  w i t h d r a w n  v e r y  slowly f rom the  syringe.  
R a p i d  r e m o v a l  will usua l ly  resu l t  in r u p t u r e  of t h e  f i l ter  
m e m b r a n e .  The  needle  c an  t h e n  be  r e m o v e d  f rom t h e  
r u b b e r  s topper .  W h e n  work ing  w i t h  l a r g e  lots  of Vacu-  
t a i n e r  t ubes  f r e q u e n t  change  of t he  comple te  f i l ter  appa -  
r a t u s  is r e commended .  

Results .  Fi l t e red  lots  of b o t h  vi ruses  s tored  a t  4~ 
were found  to  be  free of mic rob ia l  g r o w t h  w h e n  v iewed  
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macroscopica l ly  w i t h  t h e  n a k e d  eye, w h e n  ex tens ive ly  
e x a m i n e d  in t h e  e lec t ron  microscope  a n d  w h e n  s t r eaked  
on  n u t r i e n t  aga r  pla tes .  

The  d en s i t y  g r ad i en t  c en t r i f u g a t i o n  (DGC) s tudies  of 
f reshly  pur i f ied  p r e p a r a t i o n s  of b o t h  v i ruses  when  com- 
pa red  to  s to red  p r e p a r a t i o n s  of the  v i ruses  ind ica ted  t h a t  

Fig. 1. Syringe with micro-syringe filter holder and needle attached 
and with the needle inserted into a sterile Vacutainer tube. 

1 V. P. PERRY and M. M. VINCENT, in Methods in Virology (Ed. 
K. MARAMOROSCH and H. KOPROWSKI; Academic Press, Inc., 
New York 1967), vol. 2, chapter 13, p. 367. 

2 p. R. DESJARDINS and R. L. ST~ERE, Arch. Virusforseh., in press. 
T. O. DIENER and P. R. DESJARDINS, Virology 29, 15 (1966). 

4 R . L .  STEERE, Science ldO, 1089 (1963). 
5 Millipore micro-syringe filter holder (Cat. No. XX30-025-000), 

with 0.22 or 0.30 tx pore size filter (MF type HA). Millipore Cor- 
poration, Bedford, Mass., 01730, USA (Similar syringe filters are 
available from the Gelman Instrument Company, Ann Arbor, 
Mich. USA and from the Scientific Systems Division, Amieon 
Corp., Lexington, Mass. USA), 

6 B-D Vacutainer blood collecting tube, 7 ml capacity (75 • 16 ram), 
with red stopper, Cat. No. VBD3202, Aloe Scientific, 1831 Olive St., 
St. Louis, Missouri USA. 
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no  a d d i t i o n a l  pa r t i c l e  a g g r e g a t i o n  h a d  occu r r ed  d u r i n g  
s torage .  T h e  D G C - U V  s c a n n i n g  prof i l es  of  A M V  are  
s h o w n  in F i g u r e  2 a n d  t h o s e  for  T M V  in F i g u r e  3. These  
f i nd ings  were  ver i f ied  b y  t h e  e l ec t ron  m i c r o s c o p e  s tud ies .  

T h e  D G C - U V  s c a n n i n g  prof i les  (F igu re s  2 a n d  3) a n d  
the  e l ec t ron  m i c r o s c o p e  s t ud i e s  also i n d i c a t e d  t h a t  t h e r e  
w a s  no  v is ib le  d e g r a d a t i o n  of  p a r t i c l e s  of b o t h  v i r u s e s  
w h e n  f i l tered a n d  s t o r e d  in t h e  u n f r o z e n  s t a te .  T h e  U V  
prof i le  of f rozen  T M V  in p h o s p h a t e  b u f f e r  (F igure  3) 
sugges t s  a v e r y  s l igh t  decrease  in t h e  r e l a t ive  c o n c e n t r a -  
t i on  of s t a n d a r d  rod  (300 rim) pa r t i c l e s  a n d  t h e  a c c u m u l a -  
t i o n  of a v e r y  sma l l  a m o u n t  of m a t e r i a l  a t  t h e  men i scus .  

B o t h  f rozen  a n d  u n f r o z e n  lo ts  of s t o r e d  A M V  (Table  I) 
h a d  a g r e a t e r  i n fec t iv i ty  t h a n  f r e sh ly  pu r i f i ed  v i rus .  I t  
h a s  b e e n  e s t a b l i s h e d  7 t h a t  t h e  specif ic  i n f ec t i v i t y  of t h i s  
v i ru s  va r ies  w i t h  t h e  t i m e  of  s y s t e m i c  infec t ion .  T h e  
specific i n f ec t i v i t y  of  t he  v i r u s  p r e p a r a t i o n  ut i l ized for  
t he  s t o r a g e  s tud ie s  w a s  a p p a r e n t l y  in i t ia l ly  h i g h e r  t h a n  
the  p a r t i c u l a r  lot  of  f r e sh ly  pur i f i ed  v i ru s  u sed  in t h e  

s tud ies .  A l t h o u g h  t h e  u n f r o z e n  a n d  f rozen  lo t s  of  s t o r e d  
A M V  c a m e  f r o m  t h e  s a m e  or ig ina l  pu r i f i ed  p r e p a r a t i o n ,  
t h e  s to red ,  u n f r o z e n  v i r u s  w a s  m o r e  in fec t ious  t h a n  
s to red ,  f rozen  v i r u s  w h e n  c o m p a r e d  on  o p p o s i t e  ha l f  
leaves.  T h e  i n f ec t i v i t y  s t ud i e s  of  T M V  a t  t w o  d i f f e ren t  
c o n c e n t r a t i o n s  (Table  I I )  i nd ica te  t h a t  t h e  i n f e c t i v i t y  of  
t h e  s to red ,  u n f r o z e n  v i r u s  r e m a i n e d  a t  a level  equa l  to  
t h a t  of  f r e sh ly  pur i f i ed  v i rus ,  w h i c h  sa t i s f ies  t h e  in fec t iv i ty  
c r i t e r ion  for  s a t i s f a c t o r y  s to rage .  

D i s c u s s i o n .  A l t h o u g h  t h e  m e t h o d  desc r ibed  a b o v e  is n o t  
neces sa r i l y  r e c o m m e n d e d  for  p r o l o n g e d  pe r i ods  of s to rage ,  
for  s t o r a ge  pe r i ods  of i n t e r m e d i a t e  l e n g t h  it  is q u i t e  sa t i s -  

7 C. \u KVHN and J. B. BANCROFT, Virology 15, 281 (1961). 

Table I. Infectivity of freshly purified and stored preparations of 
AMV on Vigna sinensis Endl. variety Ramshorn 

E 

Ai'IV in P ~ ~ ~ j  

r-V 

Relafiv~ ~epth in tube 

Fig. 2. Density gradient centrifugation profiles showing the 3 major 
components of 3 preparations of AMV. F-V denotes freshly purified 
virus; S-UF-V denotes stored, unfrozen virus; S-F-V denotes stored, 
frozen virus. The arrow indicates the direction of sedimentation. 
Gradient zones were scanned at 254 nm. 

Virus Average number lesions 
preparations ~ per half leaf b 

40 ~xg/ml ~ 20 [xg/ml ~ 

l"resh 21 11 
vs 

Stored unfrozen 85 52 

Fresh 8 7 
vs 

Stored frozen 56 41 

Stored unfrozen 73 43 
vs 

Stored frozen 35 18 

Virus preparations compared on opposite half leaves, b Average 
number of lesions on 8 half leaves of the assay plant, o 2 different 
virus concentrations used in the infectivity tests. 

"Fable II. Infectivity of freshly purified and stored preparations of 
TMV on Nicotiana tabacum cv Xanthi-nc 

E= 

Ii'lV in HOH i 

F-V 

Relative de 

TMV in PO~ 

F-V 

~th lube 
Fig. 3. Density gradient centrifugation profiles of 3 TMV prepara- 
tions in water and 3 TMV preparations in PO 4 buffer. The letter 
designations for the individual curves are the same as in Figure 2. 
The vertical lines above the main peaks nlark the position of 300 nm 
virus particles. 

Medium Virus Average number lesions 
preparations ~ per half leaf b 

1 ~xg/Inl c 0.2 [Lg/ml c 

HOH 

PO 4 buffer 

Fresh 42 45 
vs 

Stored unfrozen 44 55 

Fresh 77 41 
vs 

Stored frozen 72 32 

Fresh 71 107 
vs 

Stored unfrozen 95 99 

Fresh 151 66 
vs 

Stored frozen 168 68 

Virus preparations compared on opposite half leaves, b Average 
number of lesions on 10 14 half leaves of the assay plant, c 2 dif- 
ferent virus concentrations used in the infectivity tests. 
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f ac to ry  for t he  two vi ruses  s tudied .  The  m e t h o d  should  
be  useful  w h e n  i t  is des i rable  to  use a single p r e p a r a t i o n  
of pur i f ied  v i rus  for a series of e x p e r i m e n t a l  s tud ies  and  
especial ly  useful  w h e n  freezing is undes i r ab le  s . Fo r  any  
p a r t i c u l a r  v i rus  one would  p r o b a b l y  h a v e  to  d e t e r m i n e  
t he  o p t i m u m  p H  a n d  ionic s t r e n g t h  of t he  s torage  m e d i u m  
before  t he  m e t h o d  could be  successful ly  used. 

est  6vit6e p a r  f i l t r a t i on  k t r a v e r s  u n  microf i l t re  asep t ique  
plac6 dans  u n  r6servoir  6ga lemen t  asept ique .  

P. R. DESJARDINS and  J. V. FRENCH 

Department o/ Plant Pathology, University o/ California, 
Riverside (Cali/ornia 92502, USA), 
5 November 1968. 

Rgsumd. On d6cr i t  une  m 6 t h o d e  d ' a c c u m u l a t i o n  des 
v i rus  v6g6taux.  Elle ne  c o m p r e n d  pas  la cong61ation ou 
la c o n s e r v a t i o n  ch imique .  L a  c o n t a m i n a t i o n  mic rob ienne  s p.R.  DESJARDINS and T. O. DIENER, Phytopath. 57, 809 (1967). 

M e t h y l a t e d  C e l l o p h a n  M e m b r a n e s  for  P o s s i b l e  U s e  in  M u l t i - M e m b r a n e  E l e c t r o d e c a n t a t i o n  

I n  m u l t i - m e m b r a n e  electrodecantationl, ce l lophan  
m e m b r a n e s  spaced  1 m m  a p a r t  are inse r t ed  in t he  separa-  
t i on  c h a m b e r s  of the  a p p a r a t u s .  Th i s  a r r a n g e m e n t  reduces  
t h e  h o r i z o n t a l  d i s t ance  of m i g r a t i o n  of a p ro t e in  before  
i t  m e e t s  a bar r ie r .  On th i s  o b s t r u c t i o n  t he  p r o t e in  con- 
c e n t r a t e s  and  slides to  t he  lower region of t he  vessel.  The  
p r o t e i n  c o m p o u n d  w h i c h  is isoelectr ic  a t  t he  p H  of opera-  
t i o n  of t he  e l e c t r o d e c a n t a t o r  r em a i ns  s t a t i o n a r y  a n d  m a y  
be  s epa ra t ed  f rom t h e  m i g r a t i n g  f r ac t ions  a f t e r  com- 
p l e t i on  of t he  expe r imen t .  I f  e l e c t r o d e c a n t a t i o n  is con- 
d u c t e d  for long periods,  c o n c e n t r a t i o n  of t he  isoelectr ic 
c o m p o n e n t  m a y  occur  in t h e  lower regions  ot the  separa-  
t i on  ceils. Th i s  m a y  be due  to one of two  reasons.  The  
p H  of t he  buf fe r  in  wh ich  t he  p r o t e i n  m i x t u r e  is c o n t a i n e d  

m a y  no t  be  exac t ly  isoelectr ic for the  c o m p o n e n t  to  be  
pur i f ied,  or, t h e  buf fe r  in  t he  s epa ra t i on  sect ions  of t he  
e l e c t r o d e c a n t a t o r  moves  on  a c c o u n t  of e lec t roendosmos is  
of t h e  buffer  t h r o u g h  t he  ce t lophan  m e m b r a n e s .  A t  ve ry  
low ionic s t r e n g t h  th i s  m o v e m e n t  of t he  f luid is ve ry  
not iceable .  The  e lec t roendosmos is  is due  to t he  H e l m h o l t z  
doub le  layer  effect  in  t he  pores  of t he  cel lophan.  This  
m i g r a t i o n  of t h e  e lec t ro ly te  m a y  be  r educed  b y  t he  addi-  
t i on  of smal l  a m o u n t s  of Mg ions to  t he  buffer .  The  
d i v a l e n t  ions h a v e  a suppress ing  effect  on t he  ze ta  po ten-  
t i a l  in t he  double  layer.  U n f o r t u n a t e l y  d i v a l e n t  ions are 
inso luble  on t h e  a lka l ine  side of n e u t r a l i t y  and  conse- 
q u e n t l y  will h a v e  no effect  on  t he  ze ta  po ten t i a l .  

As t h e  m a j o r  ze ta  p o t e n t i a l  in  ce l lophan  is due  to 
d issocia t ion  of c a rboxy l  groups  wh ich  fo rmed  b y  ox ida t i on  
d u r i n g  t he  m a n u f a c t u r e  of t he  m e m b r a n e  i t  follows t h a t  
if t hese  groups  could be  e l i m i n a t e d  t h e  ze ta  p o t e n t i a l  
would  be  g rea t ly  d i m i n i s h e d  a n d  t he  e lec t roendosmosis  
in t h e  m e m b r a n e s  would  be  reduced  to  a m i n i m u m .  An  
effect ive  m e a n s  of e l i m i na t i on  of t he  c a r b o x y l  groups  is 
to  m e t h y l a t e  t h e  m e m b r a n e s  p r io r  to  t r i m m i n g  t h e m  to 
t h e  cor rec t  size for t he  e l ec t rodecan ta to r .  

The  m e t h y l a t i o n  is done  b y  w as h i ng  t r aces  of glycer ine 
f rom the  surface 0I t he  ce l lophan  followed b y  t h o r o u g h  
d e h y d r a t i o n  in abso lu te  alcohol.  The  r e m a i n i n g  e t h a n o l  
is r e m o v e d  w i t h  d r y  m e t h a n o l .  The  m e m b r a n e  is t h e n  
s u b m e r g e d  in a m i x t u r e  of d r y  m e t h a n o l  c o n t a i n i n g  4 %  
b y  we igh t  of d ry  HC1 vapour .  T h e y  are lef t  in th i s  m i x t u r e  
for 4 days  a t  r oom t e m p e r a t u r e  a f te r  which  t h e y  are 
w a s h e d  free of t he  methano l -HC1 mix tu re .  The  m e t h y l a -  
t i on  of t he  ca rboxy l  g roups  seems to  be  comple te  a f te r  

th i s  t r e a t m e n t  as add i t i ona l  m e t h y l a t i o n  w i th  diazo- 
m e t h a n e  does no t  a p p e a r  to  h a v e  a n y  f u r t h e r  effect. 

The  ef fec t iveness  of r e m o v a l  of t he  charges  is semi-  
q u a n t i t a t i v e l y  assessed b y  t he  e lec t roendosmosis  which  
the  m e m b r a n e s  show u n d e r  s t a n d a r d i z e d  condi t ions .  

The  m e m b r a n e s  are c l amped  be tween  the  f langes 
a t t a c h e d  to 2 glass t ubes  a n d  a p o t e n t i a l  g r ad ien t  of 
15 V/cm is app l ied  across t he  m e m b r a n e .  The  e lec t ro ly te  
so lu t ion  was 0 . 0 1 4 M  NaC1 and  the current dens i ty  was 
6.6 m A / c m  ~. Revers ib le  Ag/AgC1 electrodes  are used. The  
m i g r a t i o n  of t he  sa l t  so lu t ion  t h r o u g h  t he  m e m b r a n e  was 
m e a s u r e d  in capi l lar ies  a t t a c h e d  to  t he  e lect rode vessels.  
Af te r  pass ing  t h e  cu r r en t  for 1 h to  al low for  in i t ia l  t e m -  
p e r a t u r e  equ i l i b r a t i on  of t he  a p p a r a t u s  readings  were 
t aken .  The  resu l t s  are shown  in t he  Table .  

I t  is e v i d e n t  f rom the  Tab le  t h a t  the  e lec t roendosmos is  
shown  b y  t he  t r e a t e d  m e m b r a n e s  is m u c h  less t h a n  t h a t  
shown b y  t he  u n t r e a t e d  ce l lophan  and  t h a t  the  r e m o v a l  
of the  ca rboxy l  groups  is comple te  a f t e r  the  f i rs t  m e t h y l a -  
t ion.  The  res idua l  e lec t roendosmos is  is p r o b a b l y  due  to  
n o r m a l  H e l m h o l t z  double  layer  effect  shown  b y  a n y  sur-  
face due to a d s o r p t i o n  of ions. I t  would  no t  be  possible  
to  e l imina te  t h i s  effect. 

Electroendosmosis of cellophan medium 0.014M NaC1 potential 
gradient 15 V/CM, current density {6.6 mA/cm 2) 

Material Rate of migration of 
0.014 M NaC1 in ml/min 

Untreated cellophan 0.0125 
Cellophan methylated with methanol HC1 0.00166 
Cellophan methylated with methanol HC1 0.0018 
followed by diagomethane treatment 

1 A. POLSON, Biochim. biophys. Acta 77, 315 (1953). 


