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I n v e s t i g a t i o n s  to  e luc ida te  t he  process  a n d  i ts  connec-  
t i o n  w i t h  v i rus  syn thes i s  are  going on. 
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Fig. 1. Activity of transaminase on dry weight 
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Fig. 2. Activity of transaminase on fresh weight 
a) Days afterinfectiot~ b) Percentage of trausamination in iimeulated 
leaves in terms of the activity of sound plants (100%). e) 4 weeks 

after infection. 

\Ve are very grateful to Prof. Dr. W. MoYCltO fi)r his assistance 
and critical suggestions. 

~I. GUBA/(ISKI a n d  R. KURSTAK 

Department o/ Plant Physiology, University o[ L6dk 
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Zusammen/assttng 

In  den  m i t  Mosa ikv i rus  in f iz ie r ten  T a b a k b l X t t e r n  wur-  
den  im Verg le ich  m i t  den  g e s u n d e n  b e d e u t e n d e  Ver~nde-  
r u n g e n  in  de r  G l u t a m i n - a l a n i n - t r a n s a m i n a s e - A k t i v i t f k  
fes tgeste l l t .  Zwei Tage  n a c h  I n f e k t i o n  er fo lg t  zun~tchst  
Z u n a h m e ,  d a n n  A b n a h m e  de r  Enzymak t iv i t~ t t .  
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Fig. 1. Basic chromatographic pattern of the incubating medium. 
Spots 1 and 2 correspond to inorganic sulphate and active sulphate 
(PAPS) and spots 3 and 4 to unknowns derived from the liver extract. 

b o t h  t echn iques  c o m b i n e d  w i t h  a u t o r a d i o g r a p h y  on  
G e v a e r t  X - r a y  film. De ta i l ed  desc r ip t ions  of t h e  m e t h o d s  
used  h a v e  been  g iven  e lsewhere  s. 

T h e  fol lowing types  of e x p e r i m e n t  were r u n :  
(a) I n c u b a t i o n  for 2 h a t  37°C in the  comple t e  s y s t e m  

(par t ic le-free  r a t  l iver  s u p e r n a t a n t  buf fe r  ~, A T P ,  Mg ions 
a n d  S35-1abelled su lpha te )  of va r ious  c o n c e n t r a t i o n s  (0-1 
to  2.0 raM) of e ach  of t h e  fol lowing pheno l s :  phenol ,  ca te -  
chol, resorcinol ,  h y d r o q u i n o n e ,  pyrogal loI ,  a n d  ph loro-  
glucin.  

(b) I n c u b a t i o n  as  a b o v e  of the  comple t e  sys t em,  w i t h  
t h e  p h e n o l  so lu t ions  replaced  b y  w a t e r  (control) .  

(c) I n c u b a t i o n  as a b o v e  of the  comple t e  sys tem,  w i t h  
t h e  S3~-sulphate so lu t ion  rep laced  b y  wate r ,  a n d  t h e  
p h e n o l  so lu t ions  rep laced  b y  S:~5-1abelled m o n o s u l p h a t e s  
of t h e  a f o r e m e n t i o n e d  pheno l s  o b t a i n e d  b y  b iochemica l  
synthes is .  

(d) Acid hydro lys i s  in  0.1 N HC1 for  0-2  h of e lu ted  S 35- 
labe l led  spo ts  o b t a i n e d  in t h e  e x p e r i m e n t s  l i s ted  above .  
T h e  h y d r o l y s a t e s  were s u b m i t t e d  to  p a p e r  c h r o m a t o -  
g r a p h y  a n d  p a p e r  e lec t rophores i s  c o m b i n e d  w i t h  a u t o -  
r ad iog raphy .  

T h e  resu l t s  of these  e x p e r i m e n t s  are i l l u s t r a t ed  in 
F igures  1-3. The  basic  c h r o m a t o g r a p h i c  p a t t e r n  of t h e  in-  
c u b a t i n g  m e d i u m  in the  con t ro l  e x p e r i m e n t s  (b), s h o w n  
in F igure  1, was essent ia l ly  the  same  as descr ibed  ear l ie r  8. 
In  add i t i on  to  the  inorgan ic  + P A P S  spo t  a n d  t h e  A P S  
spo t  in t h e  r i g h t  lower corner ,  a few a d d i t i o n a l  spo t s  d u e  
to  t h e  s u l p h u r y l a t i o n  of s u l p h a t e  accep to r s  p r e s en t  in  t h e  
r a t  l iver  s u p e r n a t a n t  are  v isual ized.  I n  t h e  p resence  of 

10. On the Sulphurylation of Mono-,  Di-,  
and Trihydric Phenols 

T h e  s u l p h u r y l a t i o n  of a large n u m b e r  of pheno l s  a n d  
pheno l  de r i va t i ve s  h a s  b e e n  s tud ied  b y  ear l ie r  workers .  
Th i s  has  been  done  in in vivo e x p e r i m e n t s  on  va r ious  
species 1, or  in vitro in  slices of va r ious  t i ssues  2,3, as well  
in  par t ic le - f ree  med ia  c o n t a i n i n g  s u l p h a t e - a c t i v a t i n g  a n d  
s u l p h a t e - t r a n s f e r r i n g  enzymes  4-~. 

The  l a s t - m e n t i o n e d  t e c h n i q u e  was used in the  p r e sen t  
c o m p a r a t i v e  s t u d y  on  t he  s u l p h u r y l a t i o n  of a n u m b e r  of 
mono- ,  di-, a n d  t r i h y d r i c  phenols .  SaS-labelled s u l p h a t e  
was  used as t racer .  The  f o r m a t i o n  of c o n j u g a t e d  s u l p h a t e s  
in  t h e  i n c u b a t i n g  m e d i u m  was followed b y  m e a n s  of two-  
d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  a n d  e lec t rophores is ,  

1 R.T. WILLIAMS, Detoxication mechanisms (Wiley & Sons Inc., 
New York 1947), p.  70. 

R. I. ARNOLT and R. H. DE MEIO, Rev. Soe. argent. Biol. 17, 
570 (t941). 

a T. SATU, T. SVZUKI, T. FUKUVAMA, and H. YOSmKAW*, Seitai 
no Kagaku 5, 243 (1954), Chem. Abstr. 5l, 4488 (1957). 

4 S. BERNSTEIN and R. W. McGILwzRY, J. biol. Chem. 198, 195 
(195,2). 

5 R. H.  DE MEIO, hi. \VIZERKANIUK, and E. FABIANI, J .  biol. 
Chem. 2O3, 257 (1953). 

6 R. H. DE MEIO, M. *~VIzERKANIUK, and I. SCHREIBMAN, J. biol. 
Chem. 213, 439 (1955). 

7 F. LIPMANN, Science 128, 575 (1958). 
8 A. VESTERMARK and H. BOSTR6M, Acta chem. scand. 13, 827 

(1959). 
9 A. B. Roy, Biochem. J. 63, 249 (1956). 



~15. IX. 1960] 

Phe .....-.,x~~ 

Br6ves comnlunieations - Brevi coinunicazioni 

Cat I 

409 

Res I - - - ~  

Cat "IX ~ ~ ~.  

Res Tr - -~  

a 1) c 

m 

Phl I 

d e f 

Fig. 2 Chromatographic pattern of the incubating medium in the presence of phenol (Pl~e), catechol (Cat), resorcinol {Res), hydro- 
quinone (Hyd), pyrogallol (Pyr), and phloroglucin (I'M}. ~henol-induecd spots indicated by arrows. 
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Fig. 3. a) Electrophoretic pat- 
tern of the incubating medium 
from a control experiment (C) 
and in the presence of various 
phenols (abbreviations as in 
Fig. 2). b) Patterns obtained 
with various antounts of resor- 
cinol present in the medium 
(0.1-2 raM). c) Patterns ob- 
tained with pyrogallol ( l-0 raM) 
in the medimn during incuba- 
tion for various lengths of time 

{0-2 h). 
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each of the  phenols (a), one or  (in the case of the  d ihydr ic  
phenols  catechol  and resorcinol) two new main  spots  ap- 
peared on the ch romatograms  (Fig. 2). Fig. 3A shows the  
e lectrophoret ic  pa t t e rn  of the  same series of exper iments .  
W h e n  compared  to the  control  (on the  left), all phenols  
tes ted  induced the  format ion  of one new spot  (Phe I to 
Phl  I) in the cent ra l  region of the e lec t rophore t ic  strip. 
I n  addit ion,  in the  exper iments  on each of the  d ihydr ic  
phenols catechol  and resorcinol and the  t r ihydr ic  pyro-  
gallol and phloroglucin,  a second fas t -moving  spot  appeared 
(Cat II, Res II, Py r  I I  and Ph l  II). Af te r  e lut ion of the 
spots denoted  as Cat I I  and Res I I  on the ch romato -  
grams,  these spots  were found to  migra te  to the  Cat  n 
and Res  I I  regions, respect ively,  on the  etectrophero-  
grams. When  the eluted spot  in the r ight  lower corner  of 
the  ch romatograms  from the  pyrogal lol  and phloroglucin 
exper iments  was submi t t ed  to  electrophoresis ,  new spots  
(in addi t ion  to  the  expec ted  P A P S  and inorganic  su lpha te  
spots) were observed in the  P y r  I I  and Phl  I I  regions, 
respect ively.  

F igure  3 B shows the  format ion  of Cat  I and II ,  respec- 
t ively,  dur ing incubat ion  for 2 h in the  presence of var ious  
amoun t s  of  ca techol  in the  m e d i u m  (0.1-2 raM). At  a low 
concent ra t ion  of catechol,  the  S ~5 incorpora t ion  in Cat  I I  
was higher  t han  in Cat  I, whereas  a high concen t ra t ion  
produced the  reverse picture.  

F igure  3C i l lustrates  the  format ion  of P y r  I and P y r  I I ,  
respect ively,  dur ing  incubat ion  of 1.0 m M  of pyrogal lol  
for var ious  lengths  of t ime (0 2 h). In  bo th  spots, su lphate  
incorpora t ion  increased as a funct ion  of t ime.  

In  the  series of exper iments  (c) where the  SaS-sulphate 
and the  phenol  solut ions in the  incuba t ing  media  were 
replaced by  the  S~5-1abelled compounds  of Phe-Ph l  I con- 
sidered to const i tu te  the  monosulpha tes  of respect ive phe-  
nols, no indicat ion was ob ta ined  of a fo rmat ion  of the  afore- 
men t ioned  fas t -moving  spots  (Cat I I, Res I I, P y r  I I, Ph i  I I). 

Acid hydrolys is  under  var ious  condit ions of all the  S 85- 
labelled spots  listed above,  followed by  electrophoret ic  or 
ch romatograph ic  inves t iga t ion  of the  split  products ,  re- 
sul ted in appearance  of no labelled compounds,  bu t  of in- 
organic su lpha te  or  of the  inorganic  + the  unhydro lyzed  
compounds  tested.  In  the  case of Res I I  and P y r  I I ,  a for- 
mat ion  of Res I and P y r  I f rom these compounds  was 
p roduced  by weak  acid hydrolysis .  

Incuba t ion  of a series of mono-,  di-, and t r ihydr ic  phe- 
nols in a su lphury la t ing  sys tem thus  resul ted in format ion  
of a n u m b e r  of su lphate  conjugates .  E a c h  of the  phenols  
tes ted induced fo rmat ion  of a su lphate  conjuga te  which 
migra ted  in electrophoresis,  under  the  condi t ions  used, to  
a charac ter i s t ic  posi t ion in the  cen t ra l  pa r t  of the  electro-  
phoret ic  strip. These compounds ,  which are easily hydro-  
lyzed in hydrochlor ic  acid, g iving inorganic  sulphate,  are 
considered to represent  monosulpha tes  of the  correspond-  
ing phenols.  F r o m  two of the  three  d ihydr ic  phenols  
(catechol and  resorcinol) and bo th  the  t r ihydr ic  phenols 
tested (pyrogallol and phloroglucin),  an addi t ional ,  char-  
acteristic,  fas t -moving  e lect rophoret ic  spot  was obta ined  
which, judg ing  by  its e lec t rophore t ic  mobi l i ty ,  seemed to 
con ta in  two  nega t ive  charges.  I t  seems reasonable  to  be- 
l ieve t h a t  these compounds ,  which also give inorganic  sul- 
pha te  in acid hydrolysates ,  represent  disulphates  of the  
respect ive phenols.  Some suppor t  to  this v iew ~ as g iven  
by the  fac t  t h a t  a fo rmat ion  of monosulpha tes  (Res I and 
Pyr  I) + inorganic su lphate  could be demons t r a t ed  when  
eluted specimens of these fas t -moving  compounds  (Res I I  
and P y r  I I )  were subjec ted  to  weak  acid hydrolysis .  On 
the  o ther  hand,  a t t e m p t s  to synthe t ize  these compounds  
by  su lphury la t ion  of the  corresponding S35-1abelled mono-  
sulphates  have  so far  been unsuccessful.  

This study was aided by research grants from the Swedish Medical 
Research Council and the National Institutes of Health, Bethesda, 
Md., U.S.A. (A-2568 C1). 

A. VESTERMARK and H.  BOSTROM 

The IVenner-Gren Institute, Department o/ Metabolic 
Research, University o/ Stockholm (Sweden), December 9, 
1959. 

Zusammen/assung 

Die Bi ldung der  Monosulfate  bzw. Disulfate  in einer 
Reihe yon Phenolen  ist auf  Grund  der  in-vitro-Versuche 
mit  e inem par t ikel f re ien  sulfuryl ierenden E n z y m s y s t e m  
diskut ie r t  worden.  S35-markiertes Sulfa t  wurde  als Tracer-  
Substanz  gebraucht .  Die gebi lde ten  Sulfa tes ter  sind mi t  
zweidimensionaler  Pap ie rchromatograph ie  und papier-  
e lekt rophore t i sch  ge t r enn t  und mi t te l s  Au to rad iograph ie  
tokalisiert  worden.  

Tyrosine Phosphate on Paper Chromatograms 
of Drosophila melanogaster 

Several  years  ago HADORN and MITCItELL z presented  
results  of a s tudy ,  by  paper  ch roma tog raphy ,  of  the  nin- 
hydr in reac t ing  componen t s  of Drosophila melanogaster. 
In  this  work  and in a n u m b e r  of subsequent  invest iga-  
t ions 2-5 several  substances  not  corresponding to posi t ions 
of known amino  acids were observed.  These were t en ta -  
t ive ly  conc luded  to be pept ides  since t h e y  gave  more  t h a n  
one amino  acid on hydrolysis ,  b u t  mix tures  of amino  acid 
der iva t ives  were also possible. Recent ly ,  dur ing an exa-  
mina t ion  of this problem,  MITCHELL and SIMMONS (uI1- 
published) isolated f rom Drosophila l a rvae  a subs tance  
ident i f ied as ty ros ine-O-phospha te  and since this  is a 
ma jo r  n inhydr in - reac t ing  componen t  in Drosophila, i ts 
posi t ion in the  s t andard  ch romatograph ic  sys tem is of 
some interest .  

Fo r  comparisons,  syn the t ic  tyros ine  phospha te  was pre- 
pared according to the  me thod  of PASTERNAK and GRAFL ~ 
and the  na tura l  compound  was obta ined  by  f rac t iona t ion  
of a la rva l  ex t r ac t  on a Dowex  50 co lumn (MITCHELL and 
SIMMONS, unpublished).  These two  produc t s  had  ident ica l  
absorp t ion  spect ra  in U V  l ight  (in 0.1 M HCI:  max. ,  
265 mt~; inflection, 210 m~;  rain., 240 mvt ) and behaved  
as a single substance on co -ch roma tog raphy  in n-propanol  : 
1% a m m o n i a  (2:1;  R y =  0.14). I n  order  to de t e rmine  
which c o m p o n e n t  f rom a Drosophila ex t r ac t  corresponds  
to tyros ine  phospha te  in the  two dimensional  ch roma to -  
graphic  sys tem t h a t  has  been used ex tens ive ly  in this  labo- 
ratory2-~, an ex t r ac t  was prepared  and ch roma tog raphed  
alone and in combina t ion  wi th  each the  syn the t ic  and  the  
na tu ra l  substance.  The  tyros ine  phospha te  moved  in each  
case to the  posi t ion t h a t  had  been des ignated  as pept ide  1 
plus pept ide  2 ~-a. As a fur ther  check of ident i ty ,  mate r ia l  
f rom this  posi t ion on a c h r o m a t o g r a m  of la rval  ex t r ac t  
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