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Gram staining of extracellular material 

D u r i n g  the  course  of s tud ie s  on t h e  role of p ro t e ins  in t h e  g r a m  reac t ionl ,  ~ we found  t h a t  t he  
per ipher ies  of severa l  s t r a in s  of o r g a n i s m s  could  be m a d e  m a r k e d l y  g r a m - p o s i t i v e  as a resu l t  of 
t he  f o r m a t i o n  of sal t - l ike compl exes  wi th  added  p ro te in  a. If these  cells are s u b s e q u e n t l y  mechan i -  
cal ly r u p t u r e d  t h e  g ram-pos i t i ve  per ipher ies  r e ta in  the  s tain,  in con t r a s t  to n o r m a l  g ram-pos i t i ve  
o r g a n i s m s  which  are  k n o w n  to lose the i r  s t a i n i ng  ab i l i ty  when  the i r  s t r u c t u r a l  i n t eg r i t y  is de- 
s t royed  4. As a resu l t  of th i s  f inding we were led to e x a m i n e  the  s t a in ing  p roper t i e s  of a va r i e ty  
of s u b s t a n c e s  and  of complexes  fo rmed  be tween  these  s u b s t a n c e s  and  severa l  pro te ins .  

Repo r t s  h a v e  been m a d e  of pos i t ive  g r a m  s t a in ing  of ex t race l lu la r  mater ia l ,  inc lud ing  fibrin 5, 
nuc leopro te ins  6, l ipids 7, etc. These  re su l t s  have  e n c o u n t e r e d  some  cr i t ic i sm on the  g rounds  of 
fai lure to provide  compa r i sons  wi th  k n o w n  g ram-pos i t i ve  cells and  lack  of p r e s e n t a t i o n  of deta i ls  
of s t a in ing  t echn iques  ~. 

The  ma te r i a l s  we h a v e  e x a m i n e d  were hea t - f ixed  and  s t a i ned  accord ing  to  the  m e t h o d  of 
H u c k e r  unde r  condi t ions  exac t ly  ana logous  to those  we use for s t a in ing  of o rgan i sms .  F u r t h e r m o r e  
we have  been able to  s t u d y  t h e  effect of e n z y m i c  and  chemica l  hyd ro ly s i s  on some  s u b s t a n c e ,  
t h u s  ob t a in ing  more  conv inc ing  ev idence  of t he  s t a in ing  cha rac te r i s t i c s  of the  na t i ve  mater ia ls .  

A typ ica l  e x a m p l e  i l lus t ra t ing  t he  t e chn i que  used and  resu l t s  ob ta ined  is t h a t  of hya lu ron ic  
acid, which  we found  s t a ined  in tense ly  g ram-pos i t ive .  To a neu t r a l  a q u e o u s  so lu t ion  of h igh ly  
po lymer ized  acid (ca. 1-2 mg/ml )  was  added  several/~1 of pa r t i a l ly  purif ied bacter ia l  hya lu ron idase .  
I m m e d i a t e l y  fol lowing this ,  and  s u b s e q u e n t l y  a t  i n t e rva l s  of lO-I 5 m inu t e s ,  s m e a r s  were m a d e  
and  hea t - f ixed  on the  s a m e  slide. Af t e r  a b o u t  2 hou r s  t he  p r e p a r a t i o n s  were s t a i ned  and  it  was  
found  t h a t  t h e  i n t e n s i t y  of s t a i n i ng  decreased  wi th  degree of hyd ro lys i s  unt i l  t h e  acid was  
prac t ica l ly  g r am-nega t i ve .  S ta in ing  of t he  non -hyd ro l yzed  acid, o m i t t i n g  e i ther  t he  c rys ta l  violet  
or t he  iodine, r e su l t s  in a g r a m - n e g a t i v e  s ta in ,  t h u s  d e m o n s t r a t i n g  t h a t  we are  dea l ing  wi th  
a g r a m  reac t ion  a n d  no t  a s t a i n i ng  ar t i fac t .  Th i s  l a t t e r  po in t  is i m p o r t a n t  because  s ta rch ,  for 
example ,  s t a in s  in t ense ly  as a r esu l t  of  i ts  aff ini ty  for iodine b u t  th i s  c a n n o t  be cons t rued  as 
ev idence  t h a t  i t  is g r a m - p o s i t i v e .  

Several  po lysacchar ides  were found  to be in tense ly  g ram-pos i t ive ,  inc lud ing  hepar in ,  alginic 
acid, dex t ran ,  and  su l fa ted  dex t r an .  I n  t he  case of dex t r an ,  t he  i n t e n s i t y  of  s t a i n ing  was  found  
to decrease wi th  inc reas ing  acid degrada t ion .  T he  m u c o p o l y s a c c h a r i d e  s u b s t r a t e  of lysozyme,  
p repared  f rom the  cell walls of Micrococcus  lysodeict icus,  was found  to  be m o d e r a t e l y  g r a m -  
posi t ive,  while t he  pa r t i a l ly  insoluble  comp l ex  fo rmed  by  t he  add i t ion  of an  excess  of l y s o z y m e  
s t a ined  more  in tense ly ,  the  i n t e n s i t y  t h e n  decreas ing  wi th  t i m e  as t he  po lysaechar ide  was  de- 
po lymer ized .  Glycogen  was  r a t he r  difficult to hea t - f ix  on a slide, b u t  appea red  to be r a the r  g r a m -  
nega t ive .  

Of severa l  p ro te ins  e x a m i n e d ,  resu l t s  va r i ed  f rom egg and  s e r u m  a lbumins ,  which  are  
nega t ive ,  to  p ro tamine ,  a por t ion  of wh ich  fo rms  on t he  slide smal l  posi t ive  granules ,  t he  r e m a i n d e r  
be ing  on ly  m o d e r a t e l y  posi t ive.  Gela t in  is nega t ive ,  but ,  in conf i rmat ion  of t he  f indings of MITCHELL 
AND MOYLE 9, t he  gel resu l t ing  f rom t he  t r e a t m e n t  of ge la t in  wi th  f o r m a l d e h y d e  is in t ense ly  
posi t ive,  a l t h o u g h  less so if n o t  f reshly  m a d e  up.  Surpr i s ing ly  enough ,  g lu t amic  acid re ta ins  t he  
s ta in  to some  e x t e n t  a l t h o u g h  we would  no t  class i t  as  clearly g ram-pos i t i ve  as do GIANNI et al. ~°. 

High ly  po lymer ized  deoxyr ibonuc le ic  ac id  was  g r a m - n e g a t i v e  as were i ts  complexes  wi th  
a l b u m i n  and  lysozyme.  Apur in ic  acid n,  however ,  exh ib i t ed  g ranu les  t h a t  s t a ined  in t ense ly  and  
f ibrous ma te r i a l  t h a t  was  m o d e r a t e l y  posi t ive.  In  t he  presence  of m a g n e s i u m  ions,  which  are 
k n o w n  to hyd ro lyse  apur in ic  acid n,  t he  s t a i n i ng  i n t e n s i t y  decreased  wi th  t ime.  

Of va r ious  s amp le s  of r ibonucle ic  acid exami ned ,  two commerc i a l  p r e p a r a t i o n s  were in tense ly  
posi t ive,  even  af te r  hyd ro l y s i s  wi th  R N a s e  to  t he  po i n t  where  all t h e  R N A  was  acid-soluble,  
bu t  a f te r  th i s  po in t  t h e y  began  to lose t he  s ta in .  However ,  t he  insoluble  c o m p l e x  fo rmed  by  t he  
add i t i on  of l y s o z y m e  to th i s  hyd ro l yzed  R N A  re t a ined  t h e  s ta in  m u c h  longer .  One  purif ied 
sample  of R N A  was  g ram-nega t ive ,  while a n o t h e r  purified, re la t ive ly  h igh ly  po lymer ized  sample  
was  m o d e r a t e l y  pos i t ive  and  became  less so w h e n  sub jec ted  to hyd ro ly s i s  by  RNase .  

Lec i th in  was  found  to be in tense ly  posi t ive.  We shal l  deal  w i th  t he  ques t ion  of m e t a p h o s -  
p h a t e s  in connec t ion  wi th  a cu r r en t  s t u d y  on p h o s p h a t e - s t a r v e d  mic roorgan i sms .  

I t  is clear  f rom t he  above  t h a t  g r a m  s t a in ing  of ex t race l lu la r  ma te r i a l  is b y  no m e a n s  as 
u n u s u a l  as has  been  a s sumed .  A nece s sa ry  corol lary  of th i s  is t h a t  the  e x t r a c t i o n  f rom bac te r ia l  
cells of some  c o m p o n e n t  which  i tself  s t a ins  g r am-pos i t i ve  c a n n o t  be cons idered  as proof  t h a t  t he  
g r a m - p o s i t i v i t y  of t he  original  cells is due  to th i s  c o m p o n e n t  (see 3,9,13). An ana logous  conc lus ion  
follows impl ic i t ly  f rom t he  fac t  obse rved  as far  back  as 192o t h a t  mechan i ca l l y  r u p t u r e d  g r a m -  
posi t ive  cells no longer  s t a in  pos i t ive ly  4. S imi lar ly  t he  d e m o n s t r a t i o n  in g ram-pos i t i ve  cells of 
a larger  p ropor t ion  of some  s u b s t a n c e  (such as t he  g l y c e r o p h o s p h a t e  complex  of MITCHELL AND 
MOYLE g) does no t  necessar i ly  m e a n  t h a t  th i s  c o m p o n e n t  is respons ib le  for g r a m  s ta in ing ,  b u t  
on ly  t h a t  it  m a y  be one  of t he  m a n i f e s t a t i o n s  of t he  differences in phys io log ica l  and  phys ico -  
chemica l  charac te r i s t ics  be tween  g r a m - p o s i t i v e  and  g r a m - n e g a t i v e  o rgan isms .  
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The results of enzymic and chemical hydrolysis  of some of the substances  examined points  
to  the fact t ha t  their  molecular  s t ruc ture  plays  some role in the Gram reaction. On the other  hand,  
the  fact  t h a t  such a simple subs tance  as glutamic acid retains the stain, even though  only moder-  
ately, suggests  t ha t  the gross s t ruc ture  of the heat-fixed material  m a y  be involved; the results  
obtained wi th  p ro tamine  and apurinic acid suppor t  such a conception, a l though this  is not  the 
only possible explanat ion.  Fur thermore ,  the fact tha t  dext ran  stains positively indicates t ha t  
an ionic mechanism is not  an essential  feature of the gram reaction. 

In  any  event  it is likely t ha t  some of the above subs tances  should prove  useful in fur ther  
inves t igat ions  on the mechanism of gram staining, par t icular ly  if the observat ions can be made 
quant i ta t ive .  

\Ve are indebted to Dr. "~V. MANSKI for samples  of native and degraded dextrans  and to  
Miss R. RZENDOWSKA of this  l abora to ry  for her  co-operat ion in the prepara t ion  of hyaluronic  
acid and bacterial  hyaluronidase.  The mucopolysacchar ide subs t ra te  of lysozyme was prepared 
according to MEYER AND I-IAHNEL 13 by  one of us (D.S.) in collaboration wi th  Dr. J. x~VIAME. 
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