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Acid Hydrolysis and UV-Feulgen Staining of DNA-Aldehyde 

The  use of 5 N HC1 a t  12~ for Feu lgen  hydro lys i s  was  
i n t r o d u c e d  b y  ITIKAWA a n d  O~ORA 1 a n d  s u b s e q u e n t l y  
fol lowed b y  JORDANOV 2, DEcossE  and  AIELLO 3 and  
FAND4. All these  workers  used t he  c o n v e n t i o n a l  Feu lgen  
p rocedure  for  s t a in ing  D N A - a l d e h y d e .  The  i n t r o d u c t i o n  
of a new U V - F e u l g e n  t e c h n i q u e  b y  t he  a u t h o r  5-7 shows 
promise  in s tudies  of th i s  k ind,  since w i t h  t h i s  m e t h o d  a 
m u c h  g rea t e r  n u m b e r  of D N A - a l d e h y d e  molecules  t ake  
p a r t  in  t h e  r eac t i on  t h a n  is poss ible  w i t h  t h e  c o n v e n t i o n a l  
Feu lgen  s ta in ing.  Moreover ,  w i t h  th i s  m e t h o d  d y e - D N A  
reac t ion  m e c h a n i s m  is also acce le ra ted  so t h a t  s t a in ing  
t i m e  is cons ide rab ly  reduced.  Th i s  c o m m u n i c a t i o n  
fu rn i shes  a n  a c c o u n t  of t h e  effect  of hydro lys i s  in  6 N 
HC1 a t  20~ and  in 12 N H C 1  a t  20 a n d  35~ for v a r y i n g  
per iods  of t ime,  followed b y  s t a in ing  w i t h  SchifI  r e agen t  
u n d e r  exposure  to  U V - l i g h t  o b t a i n e d  f rom a H a n o v i a  
m e r c u r y  arc l amp.  

Schiff  r e a g e n t  used  in t h i s  i nves t i ga t i on  was  p r e p a r e d  
accord ing  to De TOMASI s w i t h  basic  fuchs in  of B D H .  The  
ma te r i a l s  used were l iver  and  in t e s t ine  o b t a i n e d  f rom a 
H o l t z m a n  s t r a in  of ra t ,  a n d  f rom t he  l ip of t he  golden 
hams te r ,  Mesocr ice tus  aura t u s  t h a t  were f ixed in 10~o 
buf fe red  n e u t r a l  formal in .  Pa ra f f in  sect ions  (12 ~xm) 
were used t h r o u g h o u t .  Fo r  hydrolys is ,  2 d i f fe rent  
s t r e n g t h s  of hydroch lo r i c  acid were used, 6 N a n d  12 N,  and  
t he  t e m p e r a t u r e  of hydro lys i s  was  20~ Hydro lys i s  was  
also pe r fo rmed  in 12 N tIC1 a t  35~ F o r  s ta in ing,  
sect ions  were h y d r o l y z e d  in 6 N HC1 for 1 m i n  to  7 h, 
in  12 N HC1 for 1 m i n  to 2 h, and  in 12 N HC1 a t  35~ 
for 1 to  40 min,  r insed  in water ,  s t a ined  w i t h  Schiff 
r e agen t  for 7 m i n  u n d e r  exposure  to  UV- l igh t  o b t a i n e d  
f rom a H a n o v i a  m e r c u r y  arc l a m p  a t  r oom t e m p e r a -  
t u r e  5-7, r insed  in w a t e r  , d e h y d r a t e d  t h r o u g h  a g r a d u a t e d  
series of e thanol ,  c leared in xylol  a n d  m o u n t e d  in D P X .  

Resu l t s  of s ta ining,  as j udged  b y  v i sua l  e x a m i n a t i o n  of 
sect ions  u n d e r  t he  microscope,  are  t a b u l a t e d  in t he  Table ,  
where  1 + ,  2 +  etc. i nd ica te  progress ive  increase  in 
s t a in ing  w i t h  t he  o p t i m u m  i n t e n s i t y  des igna ted  as 5 + .  

F r o m  t h e  Tab le  i t  is e v i d e n t  t h a t  t he re  is a progress ive  
increase  in t he  i n t e n s i t y  of U V - F e u l g e n  s t a in ing  in 
ma te r i a l s  h y d r o l y z e d  in 6 N HC1 a t  20~ for 1 to  20 min  
of hydrolys is ,  t h e r e a f t e r  t he  i n t e n s i t y  of s t a in ing  r e m a i n e d  
t h e  same,  fo rming  a p l a t eau  up  to  120 rain  of hydrolys is .  
The  i n t e n s i t y  of s t a in ing  a f t e rwards  was s l ight ly  less b u t  
r e m a i n e d  so u n t i l  up  to  420 m i n  of hydrolys is .  T h e  
obse rva t i ons  on ma te r i a l s  h y d r o l y z e d  in 12 N HC1 a t  
20~ also s imula te  t h e  above,  excep t  t h a t  a m a r k e d  
increase  in s t a in ing  i n t e n s i t y  occur red  a f t e r  1 ra in  of 
hydro lys i s  as c o m p a r e d  w i t h  hydro lys i s  in  6 N HC1 for 
t he  same  l e n g t h  of t ime.  I n  t he  case of hydro lys i s  in 12 N 
HC1 a t  20~ o p t i m u m  s t a in ing  was ach ieved  a f t e r  
hydro lys i s  for  5 m in  a n d  t he  i n t e n s i t y  of s t a in ing  r ema ined  
t he  same  up  to  40 ra in  of hydrolys is ,  t h e r e a f t e r  i t  decl ined 
r ap id ly  a n d  f ina l ly  a f t e r  120 ra in  b e c a m e  t o t a l l y  nega t ive .  

W h e n  t i ssue  sec t ions  were h y d r o l y z e d  in 12 N HC1 a t  
35 ~ a l m o s t  pe r fec t  s t a in ing  resu l ted  fol lowing hydro lys i s  
for 1 min,  a n d  o p t i m u m  s t a in ing  was a t t a i n e d  a f t e r  3 a n d  
5 min  of hydrolys is .  T h e r e a f t e r  i n t e n s i t y  of s t a in ing  
d i m i n i s h e d  progress ive ly  a n d  a f t e r  40 min  of hydro lys i s  
t o t a l  lack  of s t a in ing  resul ted.  

DECOSSE and  AIELLO a in t he i r  s t u d y  w i t h  alcohol-  
fo rmal in -ace t i c  acid f ixed t h i c k  smears  of h u m a n  per iph-  
eral  b lood  c o m p a r e d  t he  effect  of Feu lgen  hydro lys i s  
in 1 N HC1 a t  60 ~ w i t h  5 N HC1 a t  26 ~ for v a r y i n g  pe-  
r iods of t ime,  fol lowed b y  s t a in ing  w i t h  the  c o n v e n t i o n a l  
Feu lgen  p rocedure ;  t h e y  n o t e d  a r a t h e r  close s imi la r i ty  in  
t h e  a scend ing  slopes of t h e  2 me thods .  T h e y  f u r t h e r  
n o t e d  t h a t  o p t i m u m  hydro lys i s  t ime  w i t h  1 N HC1 a t  
60~ is 14 to  16 rain,  t h e r e a f t e r  t h e  a m o u n t  of D N A -  
Feu lgen  s t a r t s  d imin i sh ing  unti l ,  a f te r  hydro lys i s  for  
60 min,  t he  va lues  d rop  ab rup t ly .  The i r  d a t a  w i t h  5 N 
HC1 a t  26~ on t h e  o t h e r  h a n d ,  def in i te ly  show a p e a k  
a f t e r  hydro lys i s  for 40 rain,  followed b y  a s o m e w h a t  
lower p l a t eau  up to  120 min  of hydrolys is ,  Af te rwards ,  
t he  a m o u n t  of D N A - F e u l g e n  d imin i shes  progress ive ly  if 
hydro lys i s  is c o n t i n u e d  for 19 h. FAND'S ~ s t u d y  w i t h  
h u m a n  a n t e r i o r  p i t u i t a r y  g lands  is also s imi lar  to  t h a t  of 
DECOSSE a n d  AtELLO, pa r t i cu l a r l y  in respec t  to  hydro lys i s  
w i t h  5 N HC1 a t  d i f fe ren t  t empe ra tu r e s .  This  a u t h o r  4 ha s  
also shown  a v e r y  close s imi la r i ty  be tween  hydro lys i s  
curves  of t i ssue  h y d r o l y z e d  in 5 N a n d  i N HC1 a t  60~ 
E v i d e n c e  is also p r e sen t ed  here  to  ind ica te  close s imi l a r i t y  
of the  hydro lys i s  cu rve  for 12 N HC1 a t  35 ~ w i t h  curves  
for 5 N a n d  1 N HC1 a t  60~ The  p re sen t  s t u d y  w i t h  
liver,  i n t e s t ine  a n d  lip, a f te r  hydro lys i s  in 6 N HC1 a t  
20~ fol lowed b y  s t a in ing  w i t h  U V - F e u l g e n  t echn ique ,  
also ind ica te  close s imi la r i ty  w i th  t h a t  of DECOSSE a n d  
AIELLO a n d  w i t h  t h a t  of FAND, excep t  t h a t  d e g r a d a t i o n  
of D N A  is v e r y  slow in all t h e  ma te r i a l s  s tud ied  here.  
Th i s  is so because,  in  t h e  p r e sen t  inves t iga t ion ,  a n  
apprec iab le  loss of s t a in ing  does n o t  occur  even  if hydro l -  
ysis is c o n t i n u e d  for 7 h. I t  is needless  to  m e n t i o n  here  
t h a t  the  t e m p e r a t u r e  and  s t r e n g t h  of t he  acid are d i f fe ren t  
in  t he  cases compared .  B u t  t he  s tud ies  of t h e  p r e sen t  
a u t h o r  w i t h  12 N HC1 a t  20~ t h o u g h  are a fa i r  approx i -  
m a t i o n  of those  of DECOSSE a n d  AIELLO employ ing  5 N 
HC1 a t  26~ and  FANI) emp loy ing  t he  same s t r e n g t h  of 
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Time of hydrolysis, strengths of the acid and temperature and UV-Feulgen intensity 

Strengths of HC1 and temperature Time of hydrolysis (min) 

1 3 5 10 20 30 40 50 60 90 120 150 180 210 240 300 360 420 

6N (20~ 1+ 2 +  3+  4 +  5+ 5+  5+ 5+ 5+  5+ 5+  
12N (20~ 3+ 4 +  5+ 5+ 5+ 5+ 5+ 4+  2+  2+  nil 
12N (35~ 4 +  5+ 5+ 4 +  2+  1-/ nil 

4+  4+  4+  4+  4+  4 +  4 +  
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t h e  acid a t  d i f fe ren t  t e m p e r a t u r e s ,  also show some 
s imi la r i ty  w i t h  d a t a  o b t a i n e d  a f te r  hydro lys i s  in 1 N 
HC1 a t  60~ for v a r y i n g  per iods  of t ime.  I n  fac t  t he  
r e su l t  in t he  p r e sen t  s t u d y  w i t h  12 N HC1 a t  20~ is 
i n t e r m e d i a t e  be tw een  t h a t  of 5 N HC1 a t  26~ a n d  1 N 
HC1 a t  60 ~ Therefore ,  t he  p re sen t  a u t h o r  feels t h a t  t h e  
process  of b r e a k d o w n  of pu r ine  in ma te r i a l s  h y d r o l y z e d  
in 12 N HC1 a t  20 ~ s t a r t s  quickly,  and  even  more  qu ick ly  
in 12 N HC1 a t  35~ ju s t  l ike a f te r  1 N HC1 a t  60~ b u t  
whereas  in the  l a t t e r  case f u r t h e r  d e g r a d a t i o n  of t he  D N A  
complex  a n d  loss of apur in ic  acid are b r o u g h t  a b o u t  b y  

hea t ,  in  t he  fo rmer  case w i t h  12 N t-IC1 these  are caused  
b y  t he  o p t i m u m  n o r m a l i t y  of t he  acid a n d  t e m p e r a t u r e .  

Rdsurad. On a 6tudi6 l 'e f fe t  des cond i t ions  d ' hyd ro ly se  
de t i ssus  a m m a l i e n s  p a r  l ' a c ide  c h l o r h y d r i q u e  concen t r6  
sur  la co lora t ion  de Feu lgen  en  lumi&re UV. 

M. K. DUTT 

Depar/ment o~ Zoology, University o/ Delhi, 
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A Rapid and Simple Method for the~.Detection of~.ycoplasma andOther Intracellular)Contaminants] 
There  are  m a n y  pub l i shed  m e t h o d s  for t he  de t ec t ion  of 

mycop l a smas  in cu l tu red  euka ryo t i c  cells (for reviews 
see 1, e a n d  references wi th in) ,  m o s t  of which  are  complex,  
t ime  c o n s u m i n g  and  of ten  i naccu ra t e  g iv ing fa l se-nega t ive  
results .  R e c e n t l y  a m e t h o d  ha s  been  p u b l i s h e d  a t h a t  
involves  de t ec t ion  of cy top la smic  D N A - c o n t a i n i n g  cell 
c o n t a m i n a n t s  b y  s t a in ing  t he i r  D N A  w i t h  e i the r  Hoechs t  
33258 or 4 ' -6 -d iamid ino-2 -pheny l indo le  a n d  v iewing  b y  
f luorescence microscopy.  This  me thod ,  as are severa l  
others ,  is based  on  t he  fac t  t h a t  m y c o p l a s m a s  and  some 
D N A  a n i m a l  vi ruses  rep l ica te  in t he  cy top lasm.  However ,  
one d r a w b a c k  of t h i s  p rocedure  is t h a t  cells m u s t  be  
g rown on coversl ips.  I n  t he  m e t h o d  I describe,  a smal l  
cu l tu re  vessel  (e.g. a 6 oz medica l  flat) r o u t i n e l y  used for 
sub -cu l tu re  is a d e q u a t e  for t he  assay. An  answer  can  be 
ob t a ined  w i t h i n  2 h, t h u s  m a k i n g  i t  feasible to  check  for 
the  presence  of m y c o p l a s m a  in s is ter  cu l tu res  before  each  
expe r imen t ,  as sugges ted  b y  LEVlNE 2. 

The  m e t h o d  I descr ibe is a s impler  and  more  sens i t ive  
double - labe l  modi f i ca t ion  of the  one descr ibed b y  SCHNEI- 
DER e t  al. ~ and  makes  use of t he  fac t  t h a t  m y c o p l a s m a s  
syn thes ize  the  e n z y m e  p y r i m i d i n e  phosphory la se  5 which  
b o t h  hydro lyses  u r id ine  (and t h y m i d i n e )  to  uraci l  (and 
thymine ) ,  and  can  ' sa lvage '  py r imid ines  to nucleosides  
b y  the  reverse  r eac t ion ;  th i s  means  t h a t  exogenous  uraci l  
can  be inco rpora t ed  in to  R N A  in mycop la sma- in f ec t ed  
cells b u t  no t  in un in fec t ed  cells ~, 6 where  th i s  e n z y m e  is in 
the  m a i n  a b s e n t  (bu t  see ref.2). 

Methods. A 50 t imes  c o n c e n t r a t e d  m i x t u r e  of aH- 
ur id ine  and  14C-uracil was  added  to a r ap i d l y  growing,  
subc0nf luen t  bo t t l e  of ceils to  f inal  levels of 1 txCi/ml 
and  0.1 ~xCi/ml respect ively ,  w i t h o u t  chang ing  t he  
med ium.  This  bo t t l e  was  al lowed to inco rpora t e  label  
for 1 h, a f te r  wh ich  t i m e  t he  m e d i u m  was poured  off a n d  
t he  a t t a c h e d  cells w a s h e d  twice  w i t h  a b a l a n c e d  sa l t  
solut ion (e.g. Ear le ' s ,  H a n k ' s ,  p h o s p h a t e  buf fe red  saline). 

A comparison of aH-uridine and 1*C-uracil incorporation in healthy, 
mycoplasma-infected, and kanamycin-treated infected mouse L 
ceils 

Condition of cells Corrected TCA-insoluble radioactivity 
(cpm) 

aH-uridine 1*C-uracil 

Healthy cells 81,540 
Infected ceils 3,050 
Kanamycin (200 ~xg/ml) 

treatinent for 7 days 7,488 

7 
5,285 

1,522 

5 ml  of 0 .1% sod ium dodecyl  su lpha t e  (SDS;  w/v) was  
t h e n  a d d e d  and,  a f t e r  l eav ing  for 5 m in  to al low comple te  
lysis, t h e  viscous so lu t ion  was poured  in to  10 ml  of 
20% t r ich loroace t ic  acid (TCA; w/v)  a t  0~ A f u r t h e r  
5 ml  of 0 .1% SDS was used to  r inse  t he  cu l tu re  vessel,  
a n d  th i s  was  also added  to t he  20% TCA. The  m i x t u r e  
was lef t  for 20 m i n  a t  0 ~ before  f i l t r a t ion  on to  a W h a t -  
m a n  G F / A  or GF /C  f i l ter ;  t h i s  f i l ter  was  w a s h e d  sequen-  
t ia l ly  w i t h  20 ml  of ice-cold 10% TCA, 10 ml  of e thano l -  
e the r  (1 : 1 b y  vol.) a n d  10 ml  of e ther .  F ina l l y  the  f i l ter  
was dr ied in an  oven  a t  100~ for 5 min,  a d d e d  to a v ia l  
c o n t a i n i n g  P P O - P O P O P  to luene  sc in t i l l an t  and  coun t ed  
in a P a c k a r d  l iquid sc in t i l l a t ion  spec t rome te r ;  t he  se t t ings  
were such  t h a t  *H a n d  14C could be  d i f f e ren t i a t ed  e.g. 3H : 
window 50 400, gain 9 0 % ;  14C: w i n d o w  350 1000, gain  
10%. W i t h  these  se t t ings  aH is coun t ed  a t  47% re la t ive  
eff ic iency of counts ,  and  I*C a t  35%;  spi l lover  f rom 14C 
c h a n n e l  in to  3H c h a n n e l  is 15% of the  cor rec ted  14C cpm, 
while t he re  is no spi l lover  of aH c p m  into  the  14C channel .  
B a c k g r o u n d  values  were ob t a ined  b y  s t o p p i n g  the  incor-  
po ra t i on  a t  t ime  zero (i.e. i m m e d i a t e l y  a f te r  add i t i on  of 
label), a n d  process ing exac t ly  as above.  

To ta l  cellular D N A  was isola ted essent ia l ly  as de- 
scr ibed b y  MARMUR 7. 

Results and discussion. The  i m p o r t a n c e  of us ing radio-  
ac t ive ly- labe l led  nucleic  acid p recursor  c o m p o u n d s  in a 
wide v a r i e t y  of t ypes  of e x p e r i m e n t s  w i t h  t issue cu l tu re  
cells over  t he  l a s t  20 years  or so is obvious.  I f  cell l ines 
are c o n t a m i n a t e d  w i t h  Inycoplasma,  t h e n  the  h o s t ' s  
m e t a b o l i s m  is r ad ica l ly  a l te red  1 6. Fo r  example ,  myco-  
p l a smas  syn thes ize  p y r i m i d i n e  phosphory lase ,  a n  e n z y m e  
t h a t  hydro lyses  p y r i m i d i n e  nucleosides  to  r ibose and  t he  
free base. An i m p o r t a n t  consequence  of th i s  is t h a t  t he  
use of t h y m i d i n e  or ur id ine  e i the r  to  label  cel lular  nucle ic  
acids, or in the  case of t h y m i d i n e ,  to  synchron ize  ceils, 
becomes  imprac t ica l ,  since these  c o u p o u n d s  are deg raded  
b y  the  m y c o p l a s m a  c o n t a m i n a n t s .  The  presence  of py r imi -  
dine phosphory lase ,  however ,  can  be explo i ted  in a 
c o n v e n i e n t  assay  for t he  presence  of mycop lasma .  

SCHNEIDER et  al. 4 label led sepa ra te  cu l tu res  w i t h  
e i the r  3H-ur idine  or a l l -uraci l ,  pur i f ied  t o t a l  cel lular  R N A  
f rom bo th ,  and  d e t e r m i n e d  t h e i r  specific rad ioac t iv i t ies .  
T h u s  t h e  ra t io  of t h e  specific r ad ioac t iv i t i e s  of the  R N A  
label led w i t h  aH-ur id ine  to t he  R N A  label led  w i t h  3H- 
uraci l  gave  an  i nd i ca t i on  of e l eva ted  levels of u r id ine  
phospho ry l a se  a n d  hence  of m y c o p l a s m a  c o n t a m i n a t i o n .  
This  m e t h o d  ha s  now b o t h  been  s impl i f ied  and  m a d e  
more  sens i t ive  b y  us ing  ur id ine  a n d  uraci l  label led w i t h  
d i f fe rent  rad io iso topes  in t h e  same  cu l tu re  vessel, a n d  
also speeded  up  b y  label l ing  for m u c h  sho r t e r  periods.  
Us ing  2 rad io iso topes  obv ia t e s  t he  necess i ty  for d e t e r m i n -  
ing t he  precise a m o u n t s  of R N A  presen t .  


