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Tab. I. Fluorometer Readings for 0.3 ~zg Thiochrome Using Quinine 
Standard Setting of 50 (see text). Average Readings of 6 Series of 

Experiments. SDM Values Given. 

M1 CHaOH in reaction 
mixture  

Final  volume of isobutanol 
phase (ml) 

Average reading corrected 
to volume of 15 ml iso- 
butanol  phase 

Thiochrome in 
8 ml reaction 

mixture + 15 ml 
isobutanol 

2 0 

17.6 16.0 

63.4 58.1 
-b 0.8 4- 1.4 

Thiochrome 
in 15 ml 

isobutanol 

15.0 

63.1 
4- 0.6 

Tab. II. Percentile Conversion of Thiamine Hydrochloride to Thio- 
chrome in an Alkaline Ferricyanide Solution Using Various Amounts 
of Methyl Alcohol in a Total Reaction Mixture of 8 ml. All Data Are 

the Average of Three or Morc Determinations. 

ml CHaOH o.11 ILOOO 
65.2 
90.7 
92.3 
93.1 

[xg Thiamine Hydrochloridc 

0.2 I 0.4 I 1.o I 200 

67.1 69.6 69.1 60.6 
89.2 85.3 81.3 78.6 
94.4 94.0 87.8 84.0 
97.1 96.1 86.7 79.3 

65.2 
77.5 
80.3 
75.4 

t h e  ef fec t  is sma l l  a n d  poss ib ly  c a n  be  a sc r ibed  to  in-  
c o m p l e t e  e x t r a c t i o n  i n to  t h e  i s o b u t a n o l  phase .  I n  t he  
p resence  of CHaOH,  t h e  r ecove ry  of t h i o c h r o m e  f rom t h e  
r e a c t i o n  m i x t u r e  is comple te .  

Results and Discussion. Theore t i ca l ly ,  a s s u m i n g  100% 
c o n v e r s i o n  of t h i a m i n e  to  t h i o c h r o m e ,  l~zg of t h i a m i n e  
h y d r o c h l o r i d e  s h o u l d  p r o d u c e  0 .778vg  of t h i o c h r o m e .  
P r e l i m i n a r y  series c o n t a i n i n g  0-1 to  0.4 ~g of t h i a m i n e  a n d  
t h i o c h r o m e  r e spec t i ve ly  were  r u n  us ing  2 m l  of CH3OH 
in  t h e  r e a c t i o n  mix tu re .  I n  t h i s  low c o n c e n t r a t i o n  r a n g e  
t h e  yie ld  of t h i o c h r o m e  was  n o t  100%,  b u t  a c o n v e r s i o n  
of ove r  90% was  i nd i ca t ed .  O p t i m a l  c o n d i t i o n s  for  m a x i -  
m u m  c o n v e r s i o n  were  t h e n  d e t e r m i n e d  b y  v a r y i n g  t h e  
a m o u n t  of CH3OI.I f r om 0 to  3 ml  a n d  also t h e  r a n g e  of 
t h i a m i n e  c o n c e n t r a t i o n  was  increased .  T he  re su l t s  are  
g iven  in  T a b l e  I I .  

These  d a t a  i n d i c a t e  t h a t  in  b o t h  t h e  low c o n c e n t r a t i o n  
r a n g e  (0.1 to  1.0 [xg/8 ml  of r e a c t i o n  m i x t u r e )  a n d  t h e  
h i g h e r  c o n c e n t r a t i o n  r a n g e  (200 a n d  1000 ~zg/8 m l  r e a c t i o n  
m i x t u r e )  t h e r e  is a genera l  inc rease  in t h e  p e r c e n t  con-  
ve r s i on  w h e n  t h e  a m o u n t  of CH3OH i% inc reased  f rom 
0 to 2 ml.  I n  t h e  lower  r a n g e  (using 2 ml  of CH3OI-I ) t h e  
a v e r a g e  m a x i m u m  c o n v e r s i o n  is g r e a t e r  t h a n  9 0 %  con-  
f i rm ing  JANSEN'S ~ or ig ina l  resul ts ,  whi le  in  t h e  h i g h e r  
r a n g e  t h e  a v e r a g e  c o n v e r s i o n  is s t i l l  b e t t e r  t h a n  80%.  
W h e n  CH3OH is o m i t t e d  f rom t h e  r e a c t i o n  m i x t u r e  t h e r e  
i s t  a 6 0 - 7 0 %  c o n v e r s i o n  in b o t h  t h e  h i g h  a n d  low ranges ,  
c o n f i r m i n g  t h e  r e su l t s  of CONNOR a n d  STRAUB 7, EGANA 
and MEIKLEJOHN s, and FERREBEE and CARDEN 9. 

As ZIMA a n d  WILLIAMS 4 p o i n t e d  ou t ,  t h i a m i n e  ex is t s  in  
so lu t ion  in  a s t a t e  of e q u i l i b r i u m  b e t w e e n  t h e  a m m o n i u m  
a n d  t h e  t h io l  t y p e  molecule .  T h e  e q u i l i b r i u m  shi f t s  to  t h e  
a m m o n i u m  t y p e  in  a n  ac id  m e d i u m ,  whi le  a lka l ine  solu-  
t ions  f avo r  t h e  t h i o l  t ype .  A lka l ine  o x i d a t i o n  as used  in  
t h i s  p r o c e d u r e  could  r e s u l t  in  t w o  t y p e s  of r e a c t i o n s :  

(a) A n  o x i d a t i v e  conve r s ion  of t h i a m i n e  to  t h i o c h r o m e  
(SYKES a n d  TODDS). 

(b) A n  o x i d a t i v e  d i m e r i z a t i o n  of t h e  t h i a m i n e  molecu le  
to  a n o n - f l u o r e s c e n t  d isul f ide  t y p e  molecule .  S u b s e q u e n t l y  
t h i a m i n e d i s u l f i d e  could,  u n d e r  t h e  c o n d i t i o n s  p r o v i d e d  b y  
t h e  r eac t i on  m i x t u r e ,  poss ib ly  decompose  to  yie ld  add i -  
t i o n a l  t h i o c h r o m e  (ZIMA a n d  WIr.LIAMS) 4 a n d  p r e s u m a b l y  
t h i a m i n e  t h i a z o l o n e  (SYKES a n d  TODD) ~. 

T h e  d a t a  could  b e  i n t e r p r e t e d  to  i nd i ca t e  t h a t  in  t h e  
absence  of CHaOH,  p a r t  of t h e  t h i a m i n e  wou ld  fol low 
t h e  b i m o l e c u l a r  t y p e  reac t ion .  T h e  presence  of CH3OH 
in t he  a lka l ine  r e a c t i o n  m i x t u r e  wou ld  c h a n g e  c o n d i t i o n s  
to  s u c h  a n  e x t e n t  t h a t  m o r e  of t he  t h i a m i n e  follows a 
m o n o m o l e c u l a r  r e a c t i o n  t y p e  a n d  is c o n v e r t e d  d i r ec t l y  to  
t h i o c h r o m e .  T h u s  in t h e  lower  c o n c e n t r a t i o n  range ,  t h e  
p resence  of CHaOH (25% vol /vol )  r e su l t s  in  ove r  90% of 
t h e  t h i a m i n e  b e i n g  ox id ized  to  t h i o c h r o m e  acco rd ing  to  
t h e  f i rs t  r e ac t i on  type .  A t  h i g h e r  c o n c e n t r a t i o n s ,  w h i c h  
would  f avo r  a bimolecular-  t y p e  r eac t ion ,  t h e  second  
r e a c t i o n  seems to  b e c o m e  inc reas ing ly  i m p o r t a n t .  

B. S. WOSTMANN a n d  P. L. KmGHT 

Lobund, Department o/ Biology, University o/ Notre 
Dame and St. Mary's College, Notre Dame (Indiana), 
July  5, 1960. 

Zusammen/assung 

D e r  Einf luss  v e r s c h i e d e n e r  M e t h y l a l k o h o l k o n z e n t r a t i o -  
n e n  au f  die T h i a m i n - T h i o c h r o m - U m s e t z u n g  im alkal i -  
s c h e n  Milieu m i t  0 .11% KaFe(CN) e w u r d e  ver fo lg t .  I m  
R e a k t i o n s g e m i s c h  o h n e  C H a O H  wi rd  im u n t e r s u c h t e n  
K o n z e n t r a t i o n s b e r e i c h  (0-1 bis  1000~xg in 8 ml  R e a k t i o n s -  
gemisch)  ungef~thr 65% des  T h i a m i n s  in T h i o c h r o m  u m -  
gewande l t .  I m  R e a k t i o n s g e m i s c h  m i t  2 ml  CHaOH in  
8 m l  wi rd  de r  U m s a t z  f iber  90% ffir T h i a m i n k o n z e n t r a -  
t i o n e n  u n t e r  1 tzg u n d  f iber  80% im K o n z e n t r a t i o n s b e -  
r e i ch  yon  1 b is  1000/~g T h i a m i n  in  8 ml  R e a k t i o n s g e m i s c h  
ges te iger t .  

O c c u r r e n c e  o f  Soluble P igments  
in the Genus B a c i l l u s  

P i g m e n t a t i o n  a m o n g  species of t h e  b a c t e r i a l  genus  
Bacillus is r e p o r t e d  to  be  r a r e  1. A few m e m b e r s  of t h e  
genus  do f o r m  p i g m e n t e d  colonies  w h e n  c u l t u r e d  o n  
a g a r  m e d i a  u n d e r  c e r t a i n  condi t ions2 .  L i t t l e  i n f o r m a t i o n  
h a s  b e e n  p u b l i s h e d  r e l a t i ve  to  t h e  p r o d u c t i o n  of so luble  
p i g m e n t s  b y  t h e  o r g a n i s m s  g r o w n  in b r o t h  cu l tu res .  T h e  
a b o v e  references  do n o t  desc r ibe  p i g m e n t a t i o n  in  b r o t h  
b y  a n y  m e m b e r s  of t h e  genus.  Howeve r ,  Bacillus anthracis 
h a s  b e e n  r e p o r t e d  to  p roduce  a r ed  a or  p u r p l e - b r o w n  
p i g m e n t  4 w h e n  c u l t u r e d  in  l iqu id  media .  T h e  p r e s e n t  
i n v e s t i g a t i o n  was  ca r r i ed  o u t  to  d e t e r m i n e  to  w h a t  e x t e n t  
t h e  c o m m o n  m e m b e r s  of t h e  genus  Bacillus p r o d u c e d  
soluble  p i g m e n t s  in  b r o t h  cu l tu res .  

This investigation was supported by research grant E-1535 from 
the National Institutes of Health, U. S. Public Health Service. 

1 R. S. BRIEED, ]~. G. D. MURRAY, and N. R. SMITH, Bergey's 
Manual o/Determinative Bacteriology, 7 th Ed. (Williams and Wilkins, 
Baltimore 1957), p. 613. 
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a G. G. WRIGHT, M. A. HEDBERG, and J. B. SLEIN, J. Immunol. 
72, 263 (1954). 

R. E. STRANGE and F. C. BELTON, Brit. J. exp. Path. 35, 153 
(1954). 
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T h e  cu l tu re s  e m p l o y e d  were o b t a i n e d  f rom t h e  collec- 
t i o n  of Dr .  K. L. BURDON of t h i s  d e p a r t m e n t .  Species  
i den t i f i c a t i on  of t he  o rgan i sms  h a d  b e e n  ca r r i ed  o u t  b y  
a c c e p t e d  m e t h o d s  5. The  b a c t e r i a  were  c u l t u r e d  in t h e  
c h e m i c a l l y  def ined,  l iqu id  m e d i u m  of THORNE et al. ~ 
c o n t a i n i n g  0 .7% s o d i u m  b i c a r b o n a t e .  I n o c u l a t i o n s  were  
m a d e  f rom v e g e t a t i v e  cell  suspens ions  i n to  25 m l  of 
m e d i u m  c o n t a i n e d  in  250 m l  f lasks.  T h e  cu l t u r e s  were  
t i g h t l y  closed w i t h  r u b b e r  s toppers ,  a n d  i n c u b a t e d  a t  
37°C for 24 h on  a r o t a r y  shaker .  

Fo r  v i sua l  d e t e r m i n a t i o n  of soluble  p i g m e n t  p r o d u c t i o n ,  
cells were  r e m o v e d  f r o m  t h e  cu l tu re s  b y  cen t r i f uga t i on .  
The  c lear  s u p e r u a t a n t  b r o t h  t h e n  was  a d j u s t e d  to  p H  7-5 
w i t h  0.1 IN, N a O H ,  a n d  c o m p a r e d  to  a b l a n k  of u n i n o c u l a -  
t ed  b r o t h  t r e a t e d  in  t h e  s a m e  fashion .  Acid  s e n s i t i v i t y  of 
t he  p i g m e n t s  was  d e t e r m i n e d  b y  a d d i n g  1 N HC1 to  t h e  
b ro th .  F luo rescence  was  d e t e c t e d  b y  e x a m i n i n g  t h e  cul-  
t u r e  s u p e r n a t e s  u n d e r  a n  u l t r a v i o l e t  l a m p  e m i t t i n g  i t s  
m a x i m u m  l igh t  a t  2, 750 ]k. I n  c e r t a i n  cases t h e  a b s o r p t i o n  
spec t r a  of t h e  p i g m e n t s  were  d e t e r m i n e d  in  a spec t ro -  
p h o t o m e t e r .  

As c a n  be  seen f rom t h e  Tab le  cu l tu res  be long ing  in  t w o  
of t h e  s i x  species e x a m i n e d  (B. anthracis  a n d  B.  cereus) 
p r o d u c e d  v is ib le  p i g m e n t s .  T h e  p i g m e n t  of B.  cereus was 
assoc ia ted  w i t h  f luorescence  of t h e  cu l t u r e  f i l t ra te ,  whi le  
t h a t  of B.  anthracis  was sens i t ive  to  acid.  T h e  c h a r a c t e r -  
is t ic  p i n k  p i g m e n t  of t h e  l a t t e r  o r g a n i s m  was  e v i d e n t  
on ly  u n d e r  a lka l ine  c o n d i t i o n s ;  t h e  c u l t u r e  f i l t r a t e  b e c a m e  
ye l low w h e n  acidif ied.  S p e c t r o p h o t o m e t r i c  e x a m i n a t i o n  
in t h e  v is ib le  r a n g e  d e m o n s t r a t e d  a b r o a d  a b s o r p t i o n  
s p e c t r u m  for  t h e  a n t h r a x  p i g m e n t  w i t h  a s ingle  p e a k  a t  
490 m~.  T h e  ye l l ow-b row n  p i g m e n t  of B.  cereus h a d  no  
cha rac t e r i s t i c  a b s o r p t i o n  s p e c t r u m  in  t h e  v is ib le  r a n g e ,  
b u t  in  t h e  u l t r a v i o l e t  reg ion  t h e  m a t e r i a l  ev idenced  a 
single p e a k  a t  350 m~.  T h e  p i g m e n t  was  n o t  sens i t ive  to  
acid.  

Since p r e l i m i n a r y  i n v e s t i g a t i o n s  showed  t h a t  B.  anthra-  
cis a n d  B.  cereus p r o d u c e d  soluble  p i g m e n t s ,  severa l  s t r a i n s  
of these  species were  e x a m i n e d  to  d e t e r m i n e  w h e t h e r  t h e  
p h e n o m e n a  were  c h a r a c t e r i s t i c  of t h e  species.  T he  a n t h r a x  
spec imens  cons i s t ed  of b o t h  v i r u l e n t  a n d  a v i r u l e n t  or-  
gan isms .  T h e  T a b l e  shows  t h a t  15 of t h e  20 s t r a i n s  
e x a m i n e d  p r o d u c e d  p i g m e n t .  All  o f  t h e  B.  cereus s t r a i n s  
emp loyed  d e m o s t r a t e d  b o t h  t h e  y e l l o w - b r o w n  p i g m e n t  
a n d  f luorescence.  

JOHNSTONE a n d  FISHBEIN v h a v e  sugges t ed  t h a t  f lor-  
escen t  p i g m e n t s  m i g h t  be  used  to  d i s t i n g u i s h  species of 
Azobacter, a n d  BRISOU s h a s  m a d e  i m p o r t a n t  use of pig-  
m e n t a t i o n  in t h e  c lass i f ica t ion  of c h r o m o g e n i c  G r a m  ne-  
ga t ive  bac te r i a ,  i nc lud ing  t h e  g e n e r a  A chromobacler, F la -  
vobacterium, Pseudomonas ,  Serratia,  a n d  Xan thomonas .  
Our  d a t a  i nd i ca t e  t h a t  t h e  abs ence  or  occu r rence  of 
soluble  p i g m e n t s  in  b r o t h  cu l tu re s  of Baci l lus  species  
m i g h t  be  e m p l o y e d  as a n  a d j u n c t  to  o t h e r  a v a i l a b l e  me-  
t h o d s  for  t h e i r  c lass i f icat ion.  Of t h e  six species e x a m i n e d  
B.  anthracis was t h e  on ly  one  p r o d u c i n g  a p H - s e n s i t i v e ,  
p i n k  p igmen t ,  a n d  B.  cereus was t h e  o n l y  one  i n  w h i c h  a 
ye l low-brown p i g m e n t  a n d  f luorescence  occurred .  How-  
ever,  s ince n o t  all  a n t h r a x  s t r a i n s  p r o d u c e d  t h e  p i g m e n t ,  
t h e  c h a r a c t e r  could be  useful  on ly  in  t h o s e  s t r a i n s  in  
w h i c h  i t  appea red .  Absence  of p i g m e n t a t i o n  would  n o t  
m e a n  t h e  o r g a n i s m  was  n o t  B.  anthracis.  I n  a d d i t i o n  i t  
shou ld  be  e m p h a s i z e d  t h a t  t h e  p i g m e n t a t i o n  r e p o r t e d  oc- 
curs  on ly  u n d e r  the  g r o w t h  cond i t ions  specified.  Since m a n y  
fac to rs  such  as i n c u b a t i o n  t e m p e r a t u r e ,  m e d i a  compos i -  
t ion ,  pH ,  etc. c a n  af fec t  p i g m e n t a t i o n  of bac t e r i a ,  we be-  
l ieve t h e  cha r ac t e r i s t i c  shou ld  be  e m p l o y e d  on ly  as  a n  
a n c i l l a r y  c r i t e r ion  in classif icat ion.  As a case in  p o i n t  i t  
s h o u l d  be  m e n t i o n e d  t h a t  a l t h o u g h  t h e  p resence  of ce l lu lar  

Soluble Pigment Production in Broth Cultures by Bacillus Species 

Species No. of 
Strains Pigment 

% 
Posi- 
tive 

pH 
Sensi- Fluo- 
tivity res- 

of Pig- cence 
Tent  

B. anthraeis 
B. cereus 

B. lieheni/ormis 
B. megaterium 
B. pumilis 
B. subtilis 

20 Pink 
18 Yellow- 

Brown 
2 None 
2 None 
2 None 
3 None 

75 
100 

Yes No 
No Yes 

No 
No 
No 
No 

p i g m e n t s  is one  of the  i m p o r t a n t  c r i t e r i a  for  c lass i f ica t ion  
of t h e  genus  Serrat ia  1, 2, colorless  s t r a i n s  h a v e  been  
r e p o r t e d  ~ a s  wel l  as  one  s t r a i n  w h i c h  p r o d u c e d  a so luble  
p i g m e n t  10. 

R.  P. WILLIAMS a n d  K.-C. CHAO 

Depar tmen t  o/ Microbiology,  Bay lor  Univers i ty  College 
of Medic ine ,  Hous ton  (Texas) ,  A p r i l  4, 7960. 

Rdsumd 

B .  anthracis  cu l t iv6  e n  bou i l lon  d a n s  ce r t a ines  condi -  
t i ons  pr6cis4es darts  ce t r ava i l ,  p r o d u i t  u n  p i g m e n t  rose 
sens ib le  a u x  v a r i a t i o n s  de pH .  B.  cereus p r o d u i t  de m e T e ,  
u n  p i g m e n t  j a u n e - b r u n ,  f luorescent .  Les  p i g m e n t s  son t  
solubles  e t  se r e t r o u v e n t  d a n s  le f i l t ra t .  Q u a t r e  a u t r e s  
esp6ces de  Baci l lus  ne  p r o d u i s e n t  pa s  d e  p i g m e n t s  duns  
les m~mes  cond i t ions .  L a  p r o d u c t i o n  de p i g m e n t s  en  boui l -  
lons  d e  cu l t u r e  p o u r r a i t  ~tre  employ6e  c o m T e  u n  cr i t6re  
a d d i t i o n n e l  p o u r  la c lass i f ica t ion  des  souches  Baci l lus .  

5 K. L. BURDON, J. Bacteriol. 71, 25 (1956). 
G C. B. THORNE, C. G. GOMEZ, and R. D. HOUSEWRIGHT, J. Bac- 

teriol. 63, 363 (1952). 
T D. B. JOHNSTONE and J. R. FISHBEI•, J. geL. Microbiol. 14, 330 

(1956). 
a j .  BRISOU, Ann. Inst. Pasteur 93, 397 (1957). 
' B. R. DAvis, "vV. EWING,' and R. W. REAVIS, Int. Bull. Bact. 

Nomen. Taxon. 7, 151 (1957). 
10 R. P. WILLIAMS, W. W. TAYLOR, D. HAWKINS, JR., and I. L. 

RoTn, Nature 182, 1028 (1958). 

Enzymatic Conversion of Metanephrine 
to Normetanephrine 

M e t a n e p h r i n e  (3 :O-me thy l ep ineph r ine )  h a s  b e e n  s h o w n  
to  be  a m a j o r  m e t a b o l i c  p r o d u c t  of e p i n e p h r i n e  a n d  to  
occur  n o r m a l l y  in  t i ssue  a n d  u r ine  1. Since m a n y  m e t h y l -  
a t e d  a m i n e s  h a v e  b e e n  found  to  N - d e m e t h y l a t e  i n  vitro 2, 
t h e  poss ib i l i ty  t h a t  m e t a n e p h r i n e  m i g h t  u n d e r g o  such  a 
r e a c t i o n  was  e x a m i n e d .  
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