
o f  fixing technique  probably caused these 
and thereby apparently  closed t h e  m a t -  
ter. However ,  there are n o w ,  including 
those ment ioned  i n  our t w o  papers, suffi- 
cient observations f r o m  d i f f eren t  sources 
t o  conclude tha t  k idney  tubular alkaline 
phosphatase m a y  b e  marked ly  variable i n  
fish and  reptile species. Further work  
is needed t o  def ine t h e  conditions tha t  
govern these changes and t o  deter-
m i n e  t h e  consequent  funct ional  altera- 
tions. 
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L a b o r a t o ~ y  of Pathology and  
Histochemistry,  National  Inst i tute  of 
A r t h ~ i t i sand  Metabolic  Diseases, 
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Application of Paper 
Chromatography to 
Taxonomic Studies 

T h e  preliminary work  o f  Buzzat i-Tra- 
verso and  Rechnitzer ( I )  sugg-ested tha t  
t h e  s imple m e t h o d  o f  squashing fresh tis- 
sue o n  filter paper, fol lowed b y  one-
dimensional  chromatographic separation 
o f  ninhydrin-positive and  ultraviolet-
fluorescent substances, could yield results 
o f  value i n  taxonomic  and population-
genetic studies. T h e s e  expectations h a v e  
b e e n  a m p l y  fulfilled in a n  extensive in-
vestigation o f  t h e  dipteran fami ly  Dro- 
sophilidae ( 2 ) .  

T h e  m e t h o d  as previously applied has, 
however,  suf fered f r o m  l imitat ions i m -  
posed b y  t h e  inadequate separation o f  
c o m p l e x  mix tures  that  is a f forded  b y  one-  
dimensional  chromatography.  I n  Dro-
sophila mclanogaster, for  example ,  d i f -  
ferences be tween  males  and females  w i t h  
respect t o  ninhydrin-positive materials 
are readily demonstrable b y  means  o f  
two-dimensional  chromatography (Figs.  
1 and 2 ) .  T h e  mos t  striking d i f f erence  is 
t h e  presence o f  a peptide i n  males that  
is absent i n  females,  b u t  quanti tat ive 
di f ferences exist as well  ( 3 ) .\['hen, h o w -  
ever,  t h e  same solvents are used sepa-
rately i n  t h e  deve lopment  o f  one-dimen- 
sional chromatograms,  t h e  di f ferences 
ei ther fail t o  b e  disclosed ( i n  t h e  case o f  
t h e  butanol ,  acetic acid, and water  m i x -  
t u r e )  or spurious di f ferences are observed 
( i n  t h e  case o f  80-percent aqueous 
p h e n o l ) .  

T h e s e  misleading observations are t h e  
result o f  a n u m b e r  o f  factors. I n  t h e  first 
place, t h e  spots observed o n  one-d imen-  
sional chromatograms f requent ly  consist 
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Fig. 1. Two-dimensional chromatogram of 
free ninhydrin-positive substances i n  t e n  
decapitated D. r n e l a n ~ g a s t e rmales t h a t  
were squashed directly o n  W h a t m a n  NO. 
1 filter paper. First solvent: 80-percent 
aqueous phenol for 20 hours at 25°C. 
Second solvent: n-butanol, glacial acetic 
acid, and distilled water ( 4  t o  1 t o  1 b y  
v o l u m e )  for 18 hours at 25'C. Identi ty  
o f  spots: I ,  u n k n o w n ;  2, pupine ( ? )  ; 3, 
unltnown; 4, aspartic acid;  5 ,  cyst ine;  6 ,  
serine; 7 ,  glutamic acid;  8, taurine;  9, 
glycine; 10,  lysine; 11,  threonine;  12,  his- 
tidine and/or arginine ;13 ,  glutamine ; 14,  
a-alanine ; 15, methioninc ; 16,  (3-alanine; 
17, tryptophan; 18, valine ; 19,  norvaline; 
20, front  peptide ( ? )  ; 21,  proline; 22,  
leucines; 23,  sex peptide (specific to 
males ) .  

Fig. 2. Two-dimensional chromatogram 
of free ninhydrin-positive substances i n  
eight decapitated D. ,melanogaster females. 
Development and identi ty  were t h e  same 
as i n  Fig. 1. Note absence o f  sex peptide, 
spot 23. 

o f  t w o  or  m o r e  substances w i t h  similar R, 
values. and  t h e  di f ferences be tween  t h e  
sexes are t h u s  obscured. Further, inspec- 
t ion  o f  Figs. 1 and  2 discloses a systematic  
depression o f  R f  values i n  f emales  i n  t h e  
d imens ion  tha t  is developed w i t h  phenol. 
I n  one-dimensional chromatograms de-
veloped w i t h  this solvent, this  depression 
o f  Rfvalues results in a compact ion  o f  
spots and  a n  apparent  reduction i n  t h e  
n u m b e r  o f  ninhydrin-positive substances 
i n  f emales  as compared  w i t h  t h e  n u m b e r  
i n  males.  

T h e s e  observations ( 4 )  illustrate t h e  
obvious advantages o f  two-dimensional  
chromatography and suggest its m o r e  ex-  
tensive use i n  t h e  applicat ion o f  paper 
chromatography t o  problems o f  taxononly 
and  population genetics. T h e y  also sug- 
gcst tha t  t h e  establishment  o f  t h e  iden-  
t i t y  o f  or  d i f f erence  b e t w e e n  substances 
i n  d i f f eren t  species or populations should 
no t  depend  on ly  o n  Rf values and  such 
gross observations as color o f  spots b u t  
should also include quali tat ive identifica- 
t ion  b y  m e a n s  o f  m o r e  extensive chro-
matographic and  chemical  procedures 
whenever  possible. Quant i ta t ive  measu le -  
m e n t s  as well  as quali tat ive identilications 
would  b e  highly desirable. 

T h u s ,  a n  examinat ion  o f  t h e  distribu- 
t ion  o f  individual ,  identified substances 
a m o n g  species or populations u o u l d  b e  
preferable t o  tha t  o f  over-all chromato-  
graphic patterns. A s  a first approach,  
hierarchips o f  chromatographic similari- 
ties and  clifferences should b e  use fu l  i n  
t h e  construction o f  taxonomic  categories, 
a l though  a m o r e  refined approach m i g h t  
b e  provided b y  m e t h o d s  o f  mult ivariate 
analysis ( 5 ) .  Properly used,  chromato-  
graphic m e t h o d s  should c o m e  t o  occupy  
a position i n  m o d e r n  t a x o n o m y  similar t o  
tha t  occupied b y  serologic methods .  

A m o r e  comple te  account  o f  t h e  m e t h -  
ods  o f  chromatography and  identi f icat ion 
employed  i n  this work ,  as n e l l  as a n  
analysis o f  R7 values, will be  publiahcd 
elsewhere. 

ALLENS. FOX 
Depar tment  of Zoology,  Mich igan  
S t a t e  Universi ty ,  East Lansing 
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