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m e t h o d s .  T h e  p re sence  of pa r t i c l e s  in t h e  i no rgan i c  por-  
t i o n  of  b o n e  a n d  t e e t h  w h i c h  r a n g e  in size be low 100 A 
has  b e e n  d e m o n s t r a t e d  b y  low ang le  X - r a y  s c a t t e r i n g  
t e c h n i q u e s L  H o w e v e r  t h i s  t e c h n i q u e  does  n o t  te l l  us 
e x a c t l y  w h a t  c r y s t a l l i n e  p h a s e  is in  t h a t  size range .  T h u s  
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Fig. 2 , -A comparison of the infra-red spectrum of dentine, enamel, 
bone and franeolite with the standards calcite and magnesite. The 
large band appearing at about 1050 eru -1 is tbe orthophosphate band 

of apatite. 

X - r a y  d i f f r ac t i on  t e c h n i q u e s  a lone  h a v e  been  unsuccess -  
ful  in  p o s i t i v e l y  e l u c i d a t i n g  t h e  c h a r a c t e r  of t h e  car-  
b o n a t e  c o n t a i n i n g  apa t i t e s .  T h i s  is i l l u s t r a t e d  in F i g u r e  1 
w h i c h  c o m p a r e s  t h e  X - r a y  p a t t e r n s  of t h e  m i n e r a l  f r an -  
co l i t e  be fore  a n d  a f t e r  a b o u t  one  t h i r d  of t he  CO 2 ha s  

1 A. S. POSNER and S. R. STEI'H~SSON, J. Amer, Dent, Assoc. 46, 
~57 (1953). 

b e e n  l e a c h e d  o u t  b y  l ac t i c  ac id  t r e a t m e n t ,  T h e  two  
p a t t e r n s  a re  iden t i ca l ,  s h o w i n g  t i le  a b s e n c e  of t h e  c a r b o -  
n a t e  in t h e  a p a t i t e  phase ,  in a so r t  of n e g a t i v e  m a n n e r .  

In f ra-red  studies 

I t  h a s  been  s h o w n  in t h e  case  of ca lc i t e  t h a t ,  as  i ts  
pa r t i c l e  size decreases ,  t h e  i n t e n s i t y  a n d  r e s o l u t i o n  of 
t he  c h a r a c t e r i s t i c  i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  in- 
creases  1. T h i s  m a k e s  t he  i n f r a - r ed  a b s o r p t i o n  m e t h o d  
ideal  for  c h a r a c t e r i z i n g  a poss ib le  m i x t u r e  of a m o r p h o u s  
ca lc i t e  a n d  wel l  c r y s t a l l i z e d  a p a t i t e ,  Due  to  excess ive  
b r o a d e n i n g  of t h e  m a x i m a ,  X - r a y  d i f f r a c t i o n  is u n a b l e  
to  s h o w  c r y s t a l s  w h i c h  a re  be low a b o u t  100 A in d ia-  
m e t e r .  On  t h e  o t h e r  h a n d ,  i n f r a - r e d  s p e c t r o s c o p y  can  
d e m o n s t r a t e  t he  p resence  of f ine c rys ta l s .  

T h e  s a m p l e s  were  p r e p a r e d  for  e x a m i n a t i o n  b y  m a k i n g  
a d r y  m i x t u r e  of  c h e m i c a l l y  pu re  K B r  c o n t a i n i n g  2-5 % 
of t h e  a p a t i t e .  A f t e r  m i x i n g  in a h a n d  m o r t a r ,  t h e  mix -  
t u r e  was  p re s sed  i n to  a pas t i l l e  of wa fe r  s h a p e  ( a b o u t  
12 m m  d i a m e t e r  a n d  1 m m  th ick )  in a p ress  w h i c h  was 
c o n s t a n t l y  e v a c u a t e d  to  a v o i d  a i r  a n d  m o i s t u r e  e n t r a p -  
m e n t  a n d  k e p t  a t  a p ressu re  of 10 t ons  for  5 rain.  T h e  
pas t i l l e  was  b a l a n c e d  a g a i n s t  a s t a n d a r d  pas t i l l e  of p u r e  
K B r  in  a d o u b l e  b e a m  PERKIN-ELMER in f r a - r ed  s p e c t r o -  
m e t e r  a n d  t h e  s p e c t r u m  t a k e n  b e t w e e n  1800 c m  -x a n d  
650 c m  -1. T h e  r e su l t s  are  s h o w n  in F i g u r e  2. 

Conclus ions  

I t  s eems  a p p a r e n t  t h a t  t h e r e  ex i s t s  in  f ranco l i t e ,  
e n a m e l ,  b o n e  a n d  d e n t i n e  a c h e m i c a l  b o n d  b e t w e e n  
c a l c i u m  a n d  c a r b o n a t e  a n d  b e t w e e n  m a g n e s i u m  a n d  
c a r b o n a t e  w h i c h  is i d e n t i c a l  to  t h e s e  b o n d s  in ca lc i te  
a n d  m a g n e s i t e .  T h i s  wou ld  t e n d  to  s u p p o r t  t h e  n e g a t i v e  
X - r a y  d i f f r ac t i on  e v i d e n c e  w h i c h  shows  no  c h a n g e  in  
t h e  a p a t i t e  p h a s e  w h e n  t h e  CO 2 is r e m o v e d .  

A. S. POSNER a n d  G. OUYCKAERTS 

Ins t i tu te  o/ exper imen ta l  Therapeut ics  and  Labora tory  
o/ analy t ica l  Chemis try ,  Univers i t y  o[ Libge, M a r c h  23, 
1954. 

Rdsumd 

L a  d i f f r a c t i o n  des  r a y o n s  X e t  la  s p e c t r o g r a p h i c  in f ra -  
rouge  o n t  6t6 e m p l o y 6 e s  p o u r  r e c h e r c h e r  la  p r6sence  de  
ca lc i t e  e t  de m a g n 6 s i t e  d a n s  la f r a c t i o n  m i n 6 r a l e  de l 'os  
e t  des d e n t s  a ins i  que  d a n s  le m i n 6 r a l  qu i  lui  es t  le p lus  
p r o c h e  au  p o i n t  de  r u e  c h i m i q u e ,  la f r anco l i t e .  Le r6- 
s u l t a t  pos i t i f  o b t e n u  d a n s  l ' i n f r a - r o u g e  i n d i q u e  la  pr6- 
sence  de  l i a i sons  CaCO 3 e t  MgCO 3 associ~es ~ la  m a t r i c e  
f o n d a m e n t a l e  d u  t y p e  a p a t i t e  de  ces s u b s t a n c e s .  

1 G. DUYCKAERTS and R. LEJEUNE, Spectrochimica Acta (in 
publication). 

Multiple Spots on Paper Chromatograms 

I t  is n o r m a l l y  a s s u m e d  t h a t  p u r e  o rgan ic  c o m p o u n d s  
g ive  s ingle  s p o t s  o n  p a p e r  c h r o m a t o g r a m s  a n d  t h e r e  is 
n o  d o u b t  t h a t ,  in  t h e  m a j o r i t y  of cases,  t h e  a s s u m p t i o n  
is ju s t i f i ed .  T h e r e  are,  h o w e v e r ,  va r i ous  r e c o r d e d  in-  
s t a n c e s  of p u r e  c o m p o u n d s  g iv ing  m u l t i p l e  spots .  I n  
some  cases  t h e  d e v e l o p m e n t  of  s eve ra l  spo t s  is due  to  
t h e  f o r m a t i o n  of a n e w  m o l e c u l a r  species  u n d e r  t h e  
c o n d i t i o n s  of  c h r o m a t o g r a p h y .  G l u c u r o n i c  ac id  gives  
spo t s  c o r r e s p o n d i n g  to  t h e  o r ig ina l  c o m p o u n d  a n d  t h e  
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cognate lactone, glucuroneL Sugars may give mult iple 
spots ~ and there is evidence in one case tha t  this is 
caused by the formation of new compounds under the 
influence of alkaline impurit ies in the paper s . The 
multiple spots obtained with lysinO, using phenol- 
water, are a t t r ibuted  to the formation of association 
complexes with the solvent.  Vitamin Bx, may  give spots 
corresponding to both Vitamin Bla and Vitamin Bl,b s. In 
the case of phosphate esters it  appears tha t  ghost spots, 
which remain at  the origin after the bulk of the ester is 
eluted in the normal  way, are due to the presence of 
alkaline impurities in the paper% A similar explanation 
applies in the case of salicylic and sulphosalicylic acidsL 
The ghost spots do not appear when paper washed with 
dilute hydrochloric acid is used. Certain antibiotics may 
give two zones in the presence of salts. The existence of 
tautomers  was offered as a possible explanation in the 
case of s t reptomycin  s. 

solvent front 

Fig. 1. Fig. ~. 

Fig. 1.-Normal chromatogram of monamycin (chloroform-water) 
showing ghost spot (RFO.00) and mobile spot (RFO.9f~). 

Fig. 2.-Interrupted ehromatogram showing third spot. 

There are other  cases, however,  where it is not possible 
to account  for the results by postulat ing the formation 
of new compounds. SMITI~ has drawn at tent ion to the 
possibility of false separations in paper chromato- 
graphy similar to those obtained in part i t ion chromato- 
graphy on columns and indicates tha t  this may occur in 
the paper chromatography of Vitamin B129. Double- 
fronting, which, under part icular  conditions may lead to 

1 S. M. PARTRIDGE, Biochem. J. 42, 238 (1948). 
2 R. J. BAYLY, E. J.  BOURNE and M. STACEY, N a t u r e  168, 510 

1951). 
3 R. B. DUET, Chem. Ind. 1953, 898. 
4 S. ARONOFF, Science I10, 590 (1949). 
5 G. COOLEY, B. ELLIS, ~r  PETRO*,V, G. H. BEAVEN, E. R. I-[OLI- 

DAY, and E. A. JOHNSON, J. Pharm. Pharmacol. 111, ~71 (1951). 
6 C. S. HANES and F. A. ISHERWOOD, Nature 164, 1107 (1949). 

J. B. SCnUTE, Nature 171, 839 (1953). 
S D. H. PETERSON and L. M. REINEKE, J. Am. Chem. Soc. 72. 

359s (1950). 
9 E, I -  S~ITH, Nature 169, 60 (1952). 

the development  of double spots has been observed with 
proteins 1. One of the earlier publications on paper 
chromatography has indicated tha t  ghost spots may be 
formed when mixtures  of amino acids containing in- 
organic salts are chromatographed.  The effect was 
a t t r ibuted  to water-logging of the paper at  the origin 2. 

We have observed another  case which cannot  be 
a t t r ibuted  in any simple way to the formation of new 
compounds. In the course of a s tudy on the paper 
chromatography of seven cardiac glycosides 3 it was 
shown tha t  when chloroform-water  was used as solvent 
a ghost spot aLvays remained at the origin. We have 
obtained a similar result  with the antibiotic monamycin. 
In this case the very high degree of sensi t ivi ty of the 
biological procedure for locating the antibiotic 4 made 
possible a closer s tudy of the phenomenon. Two spots 
(RE values:  0-00, 0-54, and 0.00, 0-92) were obtained in 
experiments  using benzene-water and chloroform-water 
respectively at 30°C. Toluene, xylene and n-butanol 
saturated with water  also gave two spots. The ghost 
spots obtained in all these cases were eluted readily with 
methanol.  The development  of the ghost spot was not 
influenced by the moisture content  of the paper or of 
the eluting solvents. After  prolonged periods of equili- 
bration before the solvent  was allowed to run, the ghost 
spot remained but  covered a larger area. The effect 
persisted after  the paper had been thoroughly washed, 
chromatographically,  with dilute hydrochloric acid, 
with an aqueous solution of the disodium salt of ethylene 
diamine tetra-acetic acid (Versene), and with an ethanolic 
solution of 8-hydroxyquinoline, to remove metall ic ions. 
Two simple experiments  using monamycin and the 
solvent  chloroform-water  excluded the possibility of the 
effect being due to trace impurities.  When the solution 
obtained by running the mobile spot off the end of the 
paper was concentrated and applied again to a paper 
strip, the ghost spot appeared on the second chromato- 
gram. In the second exper iment  a chromatogram was 
interrupted at an intermediate  stage so tha t  the mobile 
spot passed approximate ly  half-way down the paper. 
W'hen the solvent had evaporated from the paper the 
chromatography was resumed in the usual way. In this 
case, in addition to the normal  spots (RF  0.00, 0-92) 
(Fig. 1), there was a new distinct spot at a point corres- 
ponding to tha t  occupied by the mobile spot at the time 
of interruption (Fig. 2)5. Similar results were obtained 
using the cardiac glycoside digitoxin with chloroform- 
water as solvent  except  tha t  when prolonged equili- 
bration was involved the RAYMOND reaction ~ was not 
sufficiently sensitive to detect  the relat ively ditfuse 
ghost spot. 

\Ve h a v e  confirmed tha t  two spots (RE 0.00, 0-95) are 
produced when azobenzene is chromatographed with 
hexane. I t  appears likely tha t  the process involved in 
the formation of ghost spots with azobenzene and with 
certain alkaloids is similar to tha t  which applies in the 
case of monamycin and cardiac glycosides. 

The results we have obtained do not permit  any 
decision concerning the mechanism of this effect. They 
may be most  simply a t t r ibuted to part ial  irreversible 

1 H. G, ~3OMAN, Nature 170, 703 (1952). 
2 R. CONSDEN, A. H. GORDON, and A. J. P. MARTIN, Biochenl. 

J. 38, 224 (1944). 
3 C. H. HASSALL and S. L. MARTIN, J. Chem. Soc. 2766 (1951). 
4 D, H. PETERSON and L. M. REINERE, J. Am. Chem. Soc. 72, 

a59s (1950). 
a W'e are grateful to Dr. G. BRAS for the photographs, Figures 1,'2. 
6 W. D* RAYMOND, Ana ly s t  64, 113 (1939). 
: J. B. SCHUTE, Mededelingen van de Vlaamse Chemische Vere- 

~liging 1, 15 (1953). 
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a d s o r p t i o n  of t h e  so lu te  on  a cel lu lose  p h a s e  1 w h e n  t h e  
m o b i l e  s o l v e n t  p h a s e  is a b s e n t .  

We are indebted to the Colonial Products Research Council for 
a grant in support of this work. 

C. H.  HASSALL a n d  K. E.  MAGNUS 

Chemistry Department, University College o/ the West 
Indies, Jamaica, December 12, 1953. 

Zusammen/assung 

Bei  der  p a p i e r c h r o m a t o g r a p h i s c h e n  P r i i f u n g  b e s t i m m -  
t e r  r e i n e r  Stoffe  w u r d e  die B i l d u n g  m e h r e r e r  FleckeD 
b e o b a c h t e t .  D e r a r t i g e  ~(ghost))-Flecken e n t s t e h e n  m i t  
gewissen  h e r z a k t i v e n  G l y k o s i d e n  u n d  a u c h  m i t  d e m  
A n t i b i o t i k u m  M o n a m y c i n .  

1 A. J. P. MARTIN, Ann. Rev. Biochem. 19, 517 (1950). 

Paper Electrophoretic Separation 
of Tuberculin Constituents 

I n  t h e  course  of ou r  i n v e s t i g a t i o n s  i n t o  t h e  i m m u n e  
r e sponse  of t h e  hos t  to  t u b e r c u l o u s  i n f ec t i on  a n d  a n t i -  
t u b e r c u l o s i s  v a c c i n a t i o n ,  t h e  p r o b l e m  arose  as to  h o w  
to  d e t e r m i n e  t h e  p u r i t y  of t h e  i so l a t ed  a n t i g e n i c  frac-  
t i o n s  b y  a q u i c k  m e t h o d  a n d  on  a microsca le .  T h e  r e c e n t  
successfu l  a p p l i c a t i o n  of zone  e l e c t r o p h o r e s i s  on  p a p e r  
for  t h e  s e p a r a t i o n  of s e r u m  p ro te ins ,  enzymes ,  etc.  ~ 
i n d u c e d  us to  i n v e s t i g a t e  t h i s  m e t h o d  for  ou r  purposes .  
S o m e  of t h e  r e su l t s  a re  p r e s e n t e d  in t h i s  p r e l i m i n a r y  no te .  

Two  t y p e s  of a p p a r a t u s  were  u s e d - o n e  s im i l a r  to  
t h a t  de sc r ibed  b y  KUNKEL a n d  TISELIUS ~ in w h i c h  t h e  
p a p e r  is p l aced  h o r i z o n t a l l y  b e t w e e n  two  glass p la tes ,  
a n d  t h e  o t h e r  s im i l a r  to  t h e  one  used  b y  GRASSMANN 
a n d  HANNIG 3 b u t  w i t h  r o o m  for  6 -8  h o r i z o n t a l l y  p l a c e d  
p a p e r  s t r i p s  (35 X 4 cm).  

Of t he  d i f f e ren t  buf fe r s  used,  p h o s p h a t e  buf fe r  p i t  8.3, 
ionic  s t r e n g t h / ~  = 0-1 a n d  v e r o n a l / v e r o n a l  s o d i u m  buf fe r  
p H  8-6, ionic  s t r e n g t h  /z = 0-1t ,  g a v e  t h e  b e s t  resul t s ,  
t h e  l a t t e r  y i e ld ing  b e t t e r  s e p a r a t i o n s  in t he  GRASSMANN 
a n d  HANNIG a p p a r a t u s .  C i t r a t e  buf fe r s  of p H  5.5 a n d  6.3 
a f fo rded  no  good  s e p a r a t i o n s ,  a n d  in a d d i t i o n  some  of 
t h e  p r o t e i n s  t e n d e d  to  p r e c i p i t a t e  o u t  f r o m  t h e i r  solu-  
t i ons  in  t he se  bu t l e r s ,  whe rea s  2 -10  % s o l u t i o n s  of m o s t  
f r a c t i o n s  cou ld  eas i ly  be  d i s so lved  in t h e  a lka l ine  buffers .  
Buf fe r s  of m u c h  h i g h e r  p H  va lues  h a v e  n o t  been  t r i e d  
s ince  d e n a t u r a t i o n  of t u b e r c u l o - p r o t e i n s  occu r s  u n d e r  
such  cond i t i ons .  A t h i c k  f i l te r  p a p e r  ( M u n k t e l l  20/150) 
was used.  

T h e  e x p e r i m e n t s  were  r u n  for  19 h a t  200 V a n d  
14-24  m A  a t + 4 ° C ,  a p p l y i n g  10-20/~1 of 2 - 1 0 %  solu-  
t i o n s  of t h e  a n t i g e n s .  T h e  p r o t e i n s  were  i den t i f i ed  b y  
t h e  b r o m p h e n o l  b lue  m e t h o d  a c c o r d i n g  to  DURRUM 4, 
a n d  for  q u a n t i t a t i v e  m e a s u r e m e n t  e lu t ed  w i t h  0.01 n 
N a O H  a n d  m e a s u r e d  in t h e  BECKMAN s p e c t r o p h o t o m e t e r  
a t  595 m# .  C r y s t a l l i n e  b o v i n e  a l b u m i n  was  chosen  as  
s t a n d a r d  s u b s t a n c e .  I n  a pa ra l l e l  r u n  t h e  po ly saccha -  
r ides  were  d i r e c t l y  i den t i f i ed  on  p a p e r  a f t e r  p e r i o d a t e  
o x i d a t i o n  w i t h  Iuchs in  s u l p h i t e  5, or  e l u t e d  w i t h  w a t e r  
a n d  d e t e r m i n e d  w i t h  a n t h r o n e  a c c o r d i n g  to  MORRIS e. 

1 For a review, see A. TISELIUS and P. FLODIN, Adv. Protein 
Chem. 8, 461 (1953). 

H. G. KUNKEL and A. TISELIUS, J, Gen. Physiol. 35,89 (195t). 
3 W. GRASSMANN and K. I-IANNIG, Hoppe-Seyler's Z. Physiol. 

Chem. 290, 1 (1952). 
4 E. L. DURRUM, J. Amer. Chem. Soc. 72, 2943 (1950). 
5 E. KOiw and A. GR6~WALL, Scand. J. Clin. Lab. Invest. 4, 244 

(195~). 
6 D. L. MORRIS, Science 107, 254 (1948). 

T h e  p h o t o g r a p h i c  r e p r o d u c t i o n  in F i g u r e  1 i l l u s t r a t e s  
t h e  s e p a r a t i o n  of t w o  f r a c t i o n s  a n d  a m i x t u r e  of t h e s e  
i n to  t h e i r  p r o t e i n  c o m p o n e n t s .  T h e  r e s u l t  sugges t s  
t h a t  t h e r e  is one  c o m p o n e n t  w h i c h  is c o m m o n  to  b o t h  
f rac t ions .  

A +B 

Bovine 
Albumin 

i . . . . .  

A 

Fig. 1 

F i g u r e  2 i n d i c a t e s  t h e  use fu lness  of t h e  m e t h o d ,  in  
s h o w i n g  t h e  h e t e r o g e n e i t y  of one  p a r t i c u l a r  f r ac t ion ,  t h u s  
c o n f i r m i n g  sero logica l  r e su l t s  w h i c h  will  be p u b l i s h e d  
s h o r t l y  t. I t  is o b v i o u s  t h a t  t h e  p o l y s a c c h a r i d e  p a r t  of 
t h e  f r a c t i o n  m o v e s  r a t h e r  s lowly  t o w a r d s  t h e  anode ,  
t h e r e b y  a f fo rd ing  a s e p a r a t i o n  f rom p r o t e i n s  w i t h  h i g h e r  
mobi l i t i es .  T h e  c u r v e  for  t h e  p r o t e i n s  sugges t s  t h e  pre-  
sence  of t h r e e  d i f f e r e n t  c o m p o n e n t s .  

10 ~- ~--~ POL YSACEHARIDE 
~ 20b .--.PROTEIN 
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80t- i ' "  ".,.. "x , 

0 I 2 3 ¢ 5 B 7 8 0 10 IS 12 131~lSld171d182021 
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#NODE 

Fig. '2 

T h e r e  are,  howeve r ,  some  a n t i g e n s  or  a n t i g e n i c  mix-  
t u r e s  w h i c h  c a n n o t  y e t  be  s a t i s f a c t o r i l y  s e p a r a t e d  u n d e r  
t he se  co n d i t i o n s .  H e a t e d  f rac t ions ,  e .g .  P P D ,  a re  n o t  
s e p a r a t e d  i n t o  s ingle  spots ,  a l t h o u g h  t h e y  are  k n o w n  to  
c o n t a i n  a t  l eas t  t w o  p r o t e i n s  w i t h  d i s t i n c t  sero logica l  
specif ic i t ies .  Some  u n h e a t e d  p ro te ins ,  such  as a h i g h l y  
pur i f i ed  p r o t e i n  c o r r e s p o n d i n g  to  SEIBI~RT'S C p ro t e in ,  
a l t h o u g h  se ro log ica l ly  n e a r l y  pure ,  s h o w  c o n s i d e r a b l e  
t a i l ing ,  p r o b a b l y  due  to  s t r o n g  a b s o r p t i o n  i n to  t h e  
paper .  T h e y  do  n o t  s e p a r a t e  i n to  s ingle  spo t s  w i t h  t h e  
e l e c t ro p h o re s i s  m e t h o d  as desc r ibed  a b o v e .  
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