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Separation of Free Amino Acids and Derivatives in 
Exchange Chromatography 

The insects  are known to  have  an unusual ly  high con- 
t e n t  of free amino acids. Numerous  inves t iga t ions  demon- 
s t r a t ed  t h a t  t he  p a t t e r n s  of these  c o m p o n e n t s  are b o t h  
species- and  stage-specif ic  (for references,  see CHEN1). 
In  the  tse tse  fly Glossina morsitans BLIRSELL 2'3 showed 
t h a t  s t a rva t ion  and f l ight  ac t iv i ty  exer t  a r emarkab le  
influence on the  concen t ra t ion  of cer ta in  amino  acids. 
Of par t icu lar  in te res t  is his f inding t h a t  prol ine can serve 
as energy  reserve dur ing  flight, and  i ts  ut i l izat ion is 
accompanied  by  a t r a n s a m i n a t i o n  reac t ion  involving 
alanine and  g lu tamic  acid. 

For  s tudies  of amino  acids in insects  the  t echn ique  of 
pape r  c h r o m a t o g r a p h y  has  been mos t  commonly  used, 
ma in ly  due  to i ts  h igh sens i t iv i ty  and  s imple appl icat ion.  
However ,  the  fil ter paper  has only  a l imi ted  absorp t ion  
capaci ty ,  and  at  concen t ra t ions  w i t h o u t  over loading the  
p a p e r  only  componen t s  a t  re la t ive ly  high levels can be 
de tec ted .  In  th is  connec t ion  the  m e t h o d  of co lumn 
c h r o m a t o g r a p h y  is superior ;  by  using proper  ion ex- 
changers  and elut ion sys tems  an adequa te  separa t ion  of 
t he  subs tances  can be achieved,  even  when  larger quan-  
t i t ies  of samples  are applied.  Previous  s tudies  by  employing  
th is  t echn ique  revealed the  presence  of a large n u m b e r  
of pep t ides  and p h o s p h a t e  esters  in var ious  insects  in 
add i t ion  to  amino  acids 4-7. Fo r  this  reason and  in view 
of the  in teres t ing  resul ts  r epor ted  by  BURSELL 3 we 
decided to carry  out  a more  detai led co lumn-chromato -  
graphic  analysis  of the  free n inhydr in -pos i t ive  com- 
ponen t s  in the  t se tse  fly. 

The pupae  of t se tse  flies Glossina palpalis employed  
in t he  p resen t  s t u d y  were suppl ied by  the  Nigerian 
I n s t i t u t e  for Trypanosomias i s  Research,  Kaduna .  At  t he  
t ime  of ha t ch ing  fully d i f fe ren t ia ted  flies were dissected 
ou t  individual ly  f rom the  pupar ium.  Males and  females  
were no t  separa ted .  These were immedia te ly  homogenized  
in cold absolute  methanol ,  f i l tered at  -- 27 ~ and followed 
by  washing  wi th  50% cold methanol .  The pooled f i l t ra te  
was t aken  to  dryness  in a f lash evapora to r  a t  26 ~ The 
d ry  residue was dissolved in 10 ml water ,  and the  resul t ing 
solut ion was shaken wi th  chloroform. After  separat ion,  
the  upper  layer  was collected and centr i fuged.  The final 
concen t ra t ion  of t he  clear ex t rac t  was 0.33 g wet  weight /  
2 ml. This was mixed  wi th  1 pa r t  of a c i t ra te  buffer  of 
p H  2.2. Two ml of the  mix tu re  were appl ied to the  
co lumn of the  au tomat i c  amino  acid analyzer  (Beckman,  
Model 120 B) for f rac t iona t ion  according to procedures  
given by  SPACKMA~r et  al. s. 

A typica l  ch romatograph ic  p a t t e r n  of all free n inhydr in-  
pos i t ive  subs tances  is shown in Figure  1. U n d e r  the  
p resen t  expe r imen ta l  condi t ion  a m i n i m u m  of 37 frac- 
t ions  could be d is t inc t ly  separa ted ,  and m a n y  of these  
occur  in r a the r  h igh concent ra t ions .  I t  is n o t e w o r t h y  
t h a t  y -aminobu ty r i c  acid, orni thine,  e thano lamine  and 
t r y p t o p h a n  are also p resen t  a t  d i s t inc t  levels. In  addi t ion,  
a to ta l  of abou t  14 f ract ions  in pos i t ions  no t  occupied 
by  com m on  amino  acids has been  detec ted ,  and the  
cor responding  peaks  are n u m b e r e d  according to  the i r  
order  of elut ion f rom the  column.  Based  on the i r  chro- 
ma tog raph ic  behaviour  and  our earlier exper ience f rom 
similar  s tudies  on Drosophila 6, f ract ions  Nos. 1 and  2 are 
p robab ly  phosphoser ine  and  g lyce rophosphoe thano lamine  
respect ively.  The c o m p o n e n t  (No. 3) e luted immed ia t e ly  
ahead  of taur ine  is phosphoe thano lamine .  Fol lowing 
taur ine  there  are 3 fu r the r  p r o m i n e n t  peaks,  the  last  one 
of which is poor ly  sepa ra ted  f rom aspar t ic  acid. In  la ter  
regions a n u m b e r  of minor  f ract ions  are visible, bu t  

the Tsetse Fly Glossinapalpalis (Diptera) by Ion- 

owing to  t he  ex t remely  low concen t ra t ions  t h e i r  ident i -  
f icat ion is difficult .  I t  should be men t ioned  t h a t  paper  
ch roma tograph ic  and  h igh-vol tage  pape r  e lec t rophore t ic  
s tudies  of these  subs tances  in the  same mate r ia l  gave 
s imilar  results .  

As shown by  the  c h r o m a t o g r a m  in Figure  2, near ly  all 
f ract ions  o the r  t h a n  amino  acids d i sappeared  af ter  acid 
hydrolysis .  This  suggests  tha t ,  in add i t ion  to  p h o s p h a t e  
esters, m a n y  of these are p ro b ab l y  pept ides .  More detai led 
analyses  of individual  f ract ions  are needed  to  es tabl ish  

Distribution of free anfino acids in adult Glossina palpalis and 3 
other dipterous insects (IzM/g wet weight and % total) 

Amino G l o s s i n a  Drosophila Culex Phormia 
acids palpalis melanogaster pipiens regina 

#M/g % ffM/g % [,tM/g % ,uMlg % 

Taurine 4.42 3 .33  2 .16  4 .12  0 . 3 9  1 .42  9 .13 12.01 
Methionine - - 1.99 7 .24  3 .43  4.51 
sulphoxide 
Aspartie 3.51 2 .65  0 .05  0 .10  0 .17  0 .62  0 .46  0.61 
acid 
Threonine 5.77 4 .35  1 .47  2 .81  0 .90  3 .27  1 .58  2.08 
Serine + 11 .79  8 .89  4 . 2 8  8 .17  2 .51  9 .13  6 . 3 0  8.29 
glutamine 
Glutanfic 12 .90  9 .72  2 .08  3 .97  1 .23  4 .47  4 . 3 7  5.75 
acid 
Proline 3.98 3 .00  6.65 12.70 2 .45  8.91 21.30 28.03 
Glycine 9.95 7 .50  3 .36  6 .42  0 .92  3 .35  1 .44  1.89 
c~-Alanine 28.79 21.70 15.47 29.54 2,95 10.73 8.42 11.08 
Valine 8.87 6 .69  1 .84  3 .51  1.,85 6 .73  1 .76  2.32 
Methionine 1 .82  1 .37  0 .42  0 .80  0 .55  2 .00  0 .52  0.68 
Isoleucine 1.91 1 .44  0 .85  1 .62  1 .12  4 . 0 7  0 .81  1..06 
Leucine 3.21 2 .42  1 .48  2 .83  1 .18  4 . 2 9  1 .30  1.71 
Tyrosine 4.86 3 .66  0 .10  0 .19  0 , 8 4  3 .06  3 .15  4.14 
Phenyl- 4.11 3 .10  0 .20  0 .38  0 .58  2 .11  0 .81  1.07 
alanine 
/~-Alanine 1.08 0 .81  3 .08  5 .88  0 .53  1 .93  1 .99  2.62 
y-Amino- 0.33 0 .25  0 .55  1.05 - 0.25 0.33 
butyric acid 
Ornithine 0.65 0 .49  0 .08  0.15 - 0.09 0.12 
Ethanol- 1.77 1 .33  2 .13  4.07 - 0.10 0.13 
amine 
Lysine 8.85 6 .67  2 .48  4 . 7 3  1 .24  4 .51  2 .08  2.74 
Histidine 2.62 1 .97  2 .03  3 .88  2 .50  9 . 0 7  2 .52  3.32 
Tryptophan 6.31 4.76 + 0.65 2.36 + 
Arginine 5.16 3 .90  1 .61  3 .08  2 .94 10.69 4 . 1 9  5.51 

Total 132.66 52.37 27.49 76.00 

1 p. S. CHEN, Adv. Insect Physiol. 3, 53 (1966). 
2 E. BURSELL, Nature 187, 778 (1960). 
3 E. BURSELL, J. Insect Physiol. 9, 439 (1963). 
4 H. K. MITCHELL and J. R. SIMMONS, in Amino Acid Pools (Ed. 

J. T. HOLDEN; Elsevier, Amsterdam 1962), p. 136. 
a p. S. CHES!, J. Insect Physiol. 9, 453 (1963). 
G p. S. CHEN and F. HANIMANN, Z. Naturf. 20b, 307 (1965). 
7 L. LEVENBOOK, Comp. Biochem. Physiol. 18, 341 (1966). 
s D. H. SPACKMAN, W. H. STEIN and S. MOORE, Analyt. Chem. 30, 

1190 (1958). 
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Fig. 1. Chromatographic pattern (automatic amino acid analyzer) of free ninhydrin-reaeting components ii1 the adult tsetse fly G. palpalis 
at the time of hatching (0.165 g wet weight/2 ml). Ordinate: Absorption (A) at 440 nm for proline and at 570 nm for all other components. 
Abscissa: effluent vot. in ml. With exceptions of glutamine (GLN), asparagin (ASN), ~-aminobutyrie acid (y-ABA), ethanolamine (EA) 
and ammonia (NH~), all abbreviations refer to the first 3 letters of the corresponding amino acids. Fractions containing phosphate esters, 
peptides and other derivatives are numbered according to their order of elution from the column. 
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Fig. 2. Chromatographic pattern of the methanol extract (0.066 g/4 ml) in adult G. palpalis after acid hydrolysis (6 N HC1 at 120 ~ for 16 h). 
Only fractions in the first 330 ml effluent vol. are shown. Cysteic acid (CYS) produced from unknown precursor(s) was eluted ahead of taurine. 
For further explanations, see text in Figure 1. 
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this  point .  In  any  case, the  p resen t  s tudy  has demon-  
s t ra ted  t h a t  t he  p r e d o m i n a n t  amino acid der iva t ives  in 
G. palpalis are acidic ill nature .  

I t  would be of in teres t  to compare  the  profiles of amino  
acids and  re la ted  compounds  in the  t se tse  fly w i th  those  
of o ther  d ip te rous  insects  which have  been inves t iga ted  
by  comparab le  methods .  Toge ther  w i th  the  p resen t  
results,  avai lable d a t a  of 1-day-old adul t  flies of Culex 
pipiens 5 and D. melanogaster 6 as well as newly h a t ch ed  
adul t  flies of Phormia regina (unpubl ished da t a  by  amino 
acid analyzer)  are p resen ted  in tile Table. Since a t  such 
early s tages t he  pa t t e rn s  in b o t h  sexes are qui te  similar, 
the  da t a  of adul t  males  and females in the  last  3 species 
were pooled.  Alanine has by  far the  h ighes t  concen t ra t ion  
among  all amino  acids in t he  tse tse  fly. Compared  to  
Drosophila, Culex and  Phormia, its con ten t s  of aspar t ic  
acid, g lu tamic  acid and  t r y p t o p h a n  are also r e m a r k a b l y  
high. On the  o the r  hand,  the  relat ive concen t ra t ion  of 
proline amoun t s  to  only 1/9-~/a of t h a t  in t he  o ther  3 
insects.  Since the  endogenous  pool of th is  amino  acid is 
low, for fulfilling i ts  funct ion  as energy reserve a large 
pa r t  of it  m u s t  be der ived f rom the  inges ted  bloodg. 

Zusammen/assung.  Mittels  Ionenaus t ausch -Chroma to -  
graphie  k o n n t en  37 freie Ninhydr in -pos i t ive  Stoffe in 
adu l ten  Tsetse-Fl iegen,  Glossina palpalis, au fge t r enn t  
werden.  Die meis ten  Der iva te  der  Aminos~turen w u rden  
vor  der  Asparagins~ure  aus der  Harzsgule  eluiert,  was 
auf ihre saure N a t u r  hindeutet .  

~.  A. ~BALOGUN 10, 
F. HANIMANN and  P. S. CHEN 

Zoologisches Insti /ut  der Universitiit, 
8006 Zi~rich (Switzerland), 10 October /968. 
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Mikrobiel le  U m w a n d l u n g  von Thebain  

Die mikrobiel le  U m w a n d l u n g  yon Alkaloiden,  bei denen  
das Grundgerf i s t  des Subs t ra tes  we i tgehend  e rha l t en  
bleibt ,  ist  ers t  in den le tz ten  10 J ah ren  u n t e r s u c h t  wor- 
den lm. Am h~uf igs ten  wurden  Morphinane ,  Indol-  und  
Steroidalkaloide eingesetzt .  E ingehende  U n t e r s u c h u n g e n  
zur U m w a n d l u n g  yon  Alkaloiden der Morph in -Re ihe  sind 
im Arbei tskre is  von TSUDA in J a p a n  durchgef i ih r t  wor- 
den 3-s. I m  R a h m e n  eines umfangre ichen  Screening- 
P r o g r a m m s  h a t  m a n  1700 verschiedene  Bakte r ien-  und  
Pilzst~tmme auf ihre F~thigkeit, Theba in  nmzuwande ln ,  
getes te t .  I n sgesamt  liessen sich 120 <<Thebain umwan-  
delnde St/imme~ selekt ieren;  meis t  hande l t  es sich um 
Bas id iomyceten .  Beim Einsa tz  des ho lzzers t6 renden  Pil- 
zes Trametes sanguinea (L E X  FR) Lloyd  liessen sich 
nach  Zugabe yon Theba in  zur Fe rmen ta t ions l6sung  2 
H a u p t p r o d u k t e  isolieren, n~imlich 14-f l -Hydroxycodeinon 
(II) und 14-f l -Hydroxycodein (III).  Die Ausbeu ten  yon 
(II) und  (III) nach  Zugabe von  Theba in  war  abhgngig  
yon der  e ingese tz ten  Nghrl6sung.  Folgende  Sequenz der  
U m w a n d l u n g  konn te  gesichert  werden :  

Theba in  (I) --> 14-f l -Hydroxycodeinon (II) + 

14-/~-Hydroxycodein (III).  

Die mikrobiel le  U m w a n d l u n g  verschiedener  6, 14-endo- 
_;i_thenotetrahydrothebaine ist kfirzlich von  MITSCHER et 
al. 9 beschr ieben  worden.  Cunninghamella-echinulata- 
(NRRL-A-11498) -Kul tu ren  sind in der  Lage, u . a .  die 
Me thy lg ruppe  am Piper id ino-St icks tof f  abzuspMten.  E n t -  
a tkyl ierungen in der  Morphin-Reihe  durch  mikrobiel le  
E n z y m e  waren  bis lang n ich t  bekannt .  

Wir  u n t e r s u c h t e n  die U m w a n d l u n g  yon  Theba in  mit -  
tels ho lzzers t6 render  Pilze der  Ga t t ung  Trameles europ~ti- 
scher  Herkunf t .  I n sgesamt  wurden  35 S t t imme verschie-  
dener  Trametes-Arten gepriift .  Die Ku l t i va t i on  wurde  in 
einer  4prozen t igen  Malzext rak t l6sung  (NL 1) durch-  
gefiihrt.  Die meis ten  S tgmme  waren  in der  Lage, das  
Subs t r a t  (I) mnzuwande ln ,  wobei  neben  einer H a u p t -  
k o m p o n e n t e  A versch iedent l ich  noch mehre re  P r o d u k t e  
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