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t ru ly  intraceIIular in the  in tact  organisms, but  have diffused through the membrane 
after the protoplasts  were prepared,  seems unlikely;  a l though these compounds possess 
!ower molecular weights than the  nucleic acids ( that  from the streptococcus e. has 
a moi. wt. of 14ooo ), they  do not  dialyse through cellophane membranes  and their  
shape anu polyionic s tructure confer on them characterist ics  towards Sephadex gels 
normal ly  associated with much larger molecules4,8, I°. The presence of only small  
amounts  of nucleic acid in the wall hydrolysa te  indicates tha t  the membrane  sur- 
rounding the protoplas ts  is an effective osmotic barrier.  

The presence of small amounts  of glycerol teichoic acid in the cytoplasmic 
contents  could arise from incomplete separat ion of fractions, or could suggest ei ther 
tha t  these compounds are synthesised there or tha t  certain cytoplasmic  s t ructures  
contaiu teichoic acid. The presence of traces of r ibitol  der ivat ives  in the cytoplasmic 
contents  of the streptococcus may  be explained similarly.  
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SC 2 I ~  
Microestimation of zinc in human blood serum 

For  the es t imat ion of zinc in biological mater ia ls  spectrography t, polarography ~ or 
colofimetry of zinc di thizonatc 3 is usually employed. For  routine serial est imations 
the re la t ively  simple colorimetric method appears  to be the most suitable.  However, 
dithizone yields coloured compounds with a number  of other  metals,  so tha t  the  
method is to be considered less specific and masking reagents must  be employed. 
The purification of these reagents which usually contain considerable amounts  of zinc 
causes difficulties. 

The new method as proposed circumvents these difficulties by" combining the 
color imetry with chromatographic separat ion of zinc so tha t  the  masking reagents 
need not  be used. 

I ml of blood serum was digested by  the Kjeldahl  method according to WOLF~. 
The digest was then dried, dissolved in I ml  three-t imes disti l led water  and  transferred 
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quant i ta t ive ly  into an Emich's  filtration flask where precipitation of heavy metals 
with I ml o.I N NaH~PO 4 at  about ioo ° took place. After cooling, the filtrate was 
separated and the sediment on the filter was washed three times. An aqueous solution 
of 2 N,HC1 was then added, so that  the sediment was dissolved and poured into 
a vessel to dry. After drying the sampie was  ready for ascending chromatography 
on Wha tman  No. I paper  in butanol  sa turated with I N HE14. The chrcmatogram 
was dried in air at  room temperature,  then passed through 0.5 % 8-hydroxyquinoline r" 
and sa tura ted  with ammonia vapour. The zinc spots characterized by  a bright-yellow 
fluorescence in ul traviolet  light were marked with pencil. After drying the spots were 

o/ cut out and eluted with io  ml o.oox ~o dithizone in chloroform and kept in the dark 
for 20 min. The absorbancy of the sample was then measured against the dithizone 
solution. From the absorption curves of zinc di thizonate and of the free reagent (Fig. I) 
is evident that  a suitable wavelength is 505 m/~, where a large difference in the 
absorpt ion of the two coloured solutions is found. 

The calibration curve (Fig. 2) was obtained with known amoants  of a zinc 
solution (25o.o mg of metallic zinc dissolved in the minimum amount  of dil. HaSO 4 
and filled up to 500 ml with three-times distilled water) brought direct ly  on the paper. 
The lowest molar  rat io  of dithizone to zinc was 2.55:1 (with io/~g zinc). Wi th  higher 
amounts  of zinc the quan t i ty  of dithizone should be raised. 

The use of 8-hydroxyquinoline for the development of the chromatogram offers 
some advantages:  in addi t ion to making possible marking the spots in ul traviolet  
light, the  solubil i ty of the zinc oxinate in chloroform allows the reaction with dithizone 
to develop in one phase. 

Since a large amount  of alkali  salts interferes by  absorbing atmospheric moisture 
on the chromatogram, making a sat isfactory separation impossible, the alkali  metals  
are removed by  the method described. I t  is advantageous to carry  out all steps in 
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Fig. [. Absorpt ion  spect ra  of zinc di thizonatc  
( ) and  of di thizone ( . . . . .  ) in chloro- 
form.  De te rmined  on Zeiss Universal  Spectro-  

pho tomete r ,  cell length I.OO cm. 
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Fig. 2. Calibrat ion curve,  measured  a t  505 mt,, 
on Zeiss Universal  Spec t rophotometer ,  cell 

length  1.oo cm. 

Biochim. Biophys. Acta, 71 (I963) i 9 o - I 9 2  



192 SHORT COMMUNICATIONS 

t h e  s ame  E m i c h  f i l t r a t ion  vessel.  T h e  o t h e r  m e t a l s  p r e s e n t  in  t h e  b lood  s e r u m  (iron, 
coppe r  a n d  c a l c i u m ) - - e v e n  in  e x c e s s - - d o  n o t  i n t e r f e re  w i t h  t h e  d e t e r m i n a t i o n .  

All  t h e  chemica l s  m u s t  be  of t h e  h i g h e s t  p u r i t y ,  a n d  a q u e o u s  so lu t ions  p r e p a r e d  
w i t h  t h r e e - t i m e s  d is t i l l ed  w a t e r  a n d  c l eaned  b y  s h a k i n g  w i t h  d i t h i z o n e  b y  t h e  usua l  
m a n n e r .  All  g l a s sware  shou ld  be  c l eaned  w i t h  n i t r i c  acid 6. 

Since t h e  d i s soc ia t ion  c o n s t a n t s  of t h e  t w o  zinc d i t h i z o n a t e  complexes  are  close 
to  one  a n o t h e r ,  t h e  effect of t h e  8 - h y d r o x y q u i n o l i n e  c o n c e n t r a t i o n  on t h e  p r o d u c t i o n  
of t h e  co lour  was  o b s e r v e &  b y  a d d i n g  g r a d u a l l y  i nc rea s ing  a m o u n t s  of 8-hycl roxy-  
qu ino l ine  to  t h e  spo t s  on  t h e  c h r o m a t o g r a m  c o n t a i n i n g  t o  ~g  zinc. F r o m  t h e  resu l t s  
g iven  in t h e  T a b l e  I, is e v i d e n t  t h a t  t h e  a m o u n t  of 8 - h y d r o x y q u i n o l i n e  does n o t  
inf luence t h e  co lour  p r o d u c t i o n .  

TABLE ! 
EI.FECT OF OXINE ON THE PRODUCTION OF ZINC DITHIZONATE 

zinc Oxine equiv of oxine: Zn [ound 
No, (itg) (rag) equiv of zinc A bsotbancy (pg) 

I 10.O 0.25 5.63 I.O9 IO.6 
1o.o 0.50 11.2 i.o6 lO.2 
IO.O I.OO 22. 5 1.O6 10.2 

4 IO.O 1.50 33.7 I-O4 IO.O 
5 lO.O 2.00 44.9 1.o 7 1o.4 

TABLE II 
ESTIMATION OF ZINC IN HUMAN SERUM 

Serura Zn added Dithizone Zn found Izg Znlral o/ 
No. (red) (pg) (ral) Absorbancy (lag) serum 

I I.O - -  10.O O.315 3-9 3-9 
2 2.0 - -  IO.O O.505 6.5 3.1 
3 3 .0 - -  10.O O.831 10. 3 3.4 
4 I.O 5.O4 IO.O O.69 o 8.6 3-5 
5 I.o 1o.o8 20.0 0.568 14.2 4.I 

T h e  m e t h o d  desc r ibed  was  used  to  m e a s u r e  t h e  z inc  c o n t e n t  of t h e  b lood  s e r u m  
of n o r m a l  h e a l t h y  pe r sons  (see T a b l e  I I )  as wel l  as  of p a t i e n t s  suf fer ing  f rom sebor -  
r h o e a  before  a n d  a f t e r  pe ro ra l  a d m i n i s t r a t i o n  of h i g h  dosis  of ZnCOs.  W h e r e a s  t h e  
h e a l t h y  i n d i v i d u a l s  r e a c t e d  to  t h e  a d m i n i s t r a t i o n s  of Z n C O  3 b y  a large  r ise in  t h e  
zinc level  of t h e  b lood  se rum,  in  some  sebo r rho i ca l  i n d i v i d u a l s  t h i s  r ise was  n o t  ob-  
served.  T h e  cl inical  r esu l t s  a re  t h e  s u b j e c t  of a s e p a r a t e  pub l i ca t i on .  
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