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Trehalose phosphorylase from Euglena gracilis 

The dlsaccharlde trehalose (I-a-D-glucopyranosyl-a-B-glucopyranoslde) is wide- 
ly dis t r ibuted in insects, fungi, and yeast 1 and has recently been found m mammal ian  
tissues 2 and in Euglena gracd~s a The onh" enzyme hi therto described as Involved in 
its u t lhzat lon was trehalaae (trehalose I-glucohydrolase, EC 3 2 I 28) FREREJACQUE 4 

reported in 1941 that  a t rehalose-spht t lng enzxme from insects was act ivated bv 
phosphate and suggested tha t  It wa~ phoaphorylase However, thl~ work could not  a 
be confirmed 5 

This paper reporta evidence for the presence of an enzyme of E gracdzs, tre- 
halose phosphorylase, tha t  catalvze~ the following reaction 

lrehalo~e + P~ ~/~-Glc I-P + glucose 

3ieasurcment of enzwne actzv~tv The act ivi ty  of this enzyme could be measured 
in both directions For measurementa  in the directmn of synthesis, the incubat ion  
mixture  contained imidazole-HC1 buffer (pH 7 o), 2 %moles, glucose, 5 ptmoles, a- 
Glc-I-P,  I /~mole,  and enzyme in a final volume of o 04 ml After incubat ion  at 37 ~ 
for 3 ° min, the P~ l iberated was measured according to FI';KE AND SUBBARow 6 On 
the other hand,  the phosphorolytlc cleavage of trehalose was measured as follows 
phosphate buffer (pH 7 o), IO ~tmoles, trehalose, 2/~moles, and enzyme m a final 
volume of o o 4 nil The reducing pouer  hberated after 3 ° min  at 37 ° was determined 
of o 04 ml The recudlng power l iberated after 3 ° mm at 37 ° was determined bv  the 
method of SOMOGYI 7 and of NELSON 8 

Enzvmc preparatwn A photosynthet ic  strata of E gracd~s var bacdlarzs* was 
obta ined  through the courtesx of Dr D E Buetow and Dr W F Danfor th  The cells 
were grown in a medium of peptone-yeas t  ex t rac t -e thano l  and v i t amin  B~e for 6 days 
and  harvested by cen tnfuga t lon  The cell~ pellets were suspended in 25°,o glycerol, 
2 mM EDTA,  4 mM phosphate buffer (pH 7 o) and disrupted in a French pressure 
cell After centr i fugat lon at IO ooo ~. g for IO rain (crude extract) and lO5 ooo A g 
for I h, the trehalose phosphorylase in the superna tan t  was par tmlly  purified by  the 
following steps (a) precipi tat ion between 30 and 60% sa tura t ion  of (NHa)2SO 4, (b) 
absorpt ion on calcium phosphate gel, (c) elut ion of the gel with o 15 M phosphate 
buffer (pH 7 o) The eluates were dialyzed against  25°0 glycerol-2 nlM E D T A - 2  mM 
phosphate buffer (pH 7 o) The specific act ivi ty  of the enzyme measured in the dlrec- 
tmn  of trehalose synthesis increased about  IO-fl)ld as compared to tha t  of the crude 
extract  

Svntheszs of trehalosc \ \ : l ien enzyme extractb were incuba ted  with /3-Glc-I-P 
and glucose, a compound wa~ fl)rmed which, as IS shown in Table I, behaved hke 
trehalose as ludged by  paper and thin- layer  chromatography and by  paper electro- 
phore~ln None waa fl)rmed when either f l-Glc-I-P or glucose was olnl t ted m the re- 
action 

The tmle curve of hydrolysl~ in o 5 M H2SO a of the compound fl)rmed en- 
zymatlcal ly  gave a profile similar to tha t  obtained with authent ic  trehalo~e (Pig I) 

* 51mflar actl~mes were obtained in Strain z and in a non-photosynthetic ~traln of L, 
g~acths l'he latter was generously supplied by Dr \V F Danforth 
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IUR T "l'all~e c u r ~ e  ol  t h e  p h o s p h o r ,  d \  s i s  o f  t r e h a l o ~ e  I h e  enz~  m e  e x t r a c t  (o Ol m l )  xx a~ m c u l ) a t e d  
~ l t h  p h o s p h a t e  b u t l e r  ( p H  7 o ,  T O / / m o l e s )  a n d  t r e h a l o s c  ( 2 / t w o l t , , I  m a h n a l  \ o l u n l e  o l  o o 5 m l  
, i t  ~7' ~kt t h e  i n d i c a t e d  t i m e ,  t h e  r e a c t i o n  w a s  s t o p p e d  b y  h e a t m ~  a t  i o o  h w  ~o ~ec, a n d  a h q u o t s  
"0, e l e  t a k e n  t o  d e t e r m i n e  f r e e  ~ l u e o s e  ~ l t h  t h e  g l u c o s e  o x l d a s e  p e r o x l d a s e  ~ \ s t e T n  TM i n  o t h e l  
a h q u o t ~  ~ l u c o s e  / f l i t ,  ( . l c - I  P w a s  m e a s u r e d  m t h e  s a m e  u a y  t r o t  a f t e r  h ~ d r o l ~ s l ~  m o o 5 M 
H ~ 5 ( )  4 l h c  x a l u e s  q l ~ c n  w e r e  c o r r e c t e d  f o r  s m a l l  b l a n k s  s h o ~ n  b y  c o n t r o l s ~ l t h o u t  P~ 

ltlt4 2 I A 1 ) e r a t l o n  ol  r e d u c i n g  pox~e r  b v  a c i d  h } d r o l ~ s l S  f r o m  t i l e  p r o d u c t  o f  ( n z ~  m e  &ctlolI  a l l d  
f r o m  a u t h e n t i c  t r e h a l o s e  5 f f m o l e s  { e x p r e s s e d  a s  q lucoqe)  o f  e a c h .  e n z }  m a t i n  p r o d u c t  a n d  t r e h a l o s c .  
w e r e  h ~ d r o l a z e d  m o 5 M H z 5 ( )  4 a t  l o o  ° \ f t e r  i n ( h e a t e d  t i m e s ,  a l l q u o t s  w e r e  n e u t r a h z e d  ~md 
t e s t e d  f o r  r e d u c l n q  p o x x e r  1)~ t h e  m e t h o d  ot  b o ~ m o Y I  a n d  o f  N L L q O N  T h e  \ a l u e  qlx cn  b 3 t r e h a l o s e  
a f t e r  5 h a c i d  h ~ d r o l \ s l s  w a s  t a k e n  a s  lOO°o  l ' he  e r l z ~ , m a t l c  t r e h a l o s e  w a s  o b t a i n e d  aq f o l l o ~ s  
a I S - f o l d  i n c r e a s e d  i n c u b a t i o n  m i x t u r e  a s  d e a c r l b e d  i n  t e x t  ~ a s  U l c u b a t e d  f l)r  I h a t  :;7 M ' t e r  
d e p r o t e n n z a t l o n  b y  h e a t i n g ,  t h e  p r e c i p i t a t e  ~ a s  c e n t r i f u g e d  off  a n d  t h e  t r c h a l o s c  m t h e  s u p e r n a -  
t , / n t  u a s  a d s o r b e d  on  a c o l u m n  o f  c h a r c o a l  ~I h e  l a t t e r  ~ a~ x~ a s h e d  x~ l t h  ~ a t e r  a n d  t h e  d l s a c e h a n d e  
~ , t s  e l u t e d  ~ l t h  1o" , ,  e t h a n o l  " l h e  p e r c o l a t e  w a s  t h e n  d r i e d  i n  \ a c u u n l  a n d  < h s s o l x ~ d  m u a t e r  
\ u t h e n t l c  t l c h a l o s ~  ~ , l S  s u b n u t t e d  t o  t h e  s a m e  t r e a t l n e n t  
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When  enzyme ex t rac t s  were incuba ted  under  the  condi t ions ind ica ted  above  
with a- or fl-Glc-I-P, a s . m l a r  amoun t  of  P1 was l ibera ted  However ,  af ter  t r e a t m e n t  
wi th  I M N a O H  for 2o min at  IOO °, the compound  formed with  f l -Glc- I -P  still  gave 
color wi th  the  phenol -H2SO 4 reagent  n, while the  produc ts  formed with a - G l c - I - P  
gave no color W i t h  a -Glc - I -P ,  ohgosaccharlde~ of the fl-I, 3 series ~e re  formed due 
to the  t races of  lan imar ib iose  phosphor}lase  and p '-I ,3-oligoglucan ptIosphorylase ~° 
m the enzyme prepara t ion ,  I t  is known tha t  /3-I,3-glucans are degraded  by  a lkah  

Phosphorolyszs of trehalose The t ime curve of  ptio.~phorolytic cleavage of  t re-  
halose is shown In Fig  2 The amoun t  of  free glucose formed during m c u b a n o n  was 
one-hal f  of  the  to ta l  glucose produced  af ter  hvdrol'~ sis in o 05 ~l H2SO 4 for IO rain 
Under  these condit ions,  ( ; l c - I -P  1~ comple te ly  hydrolyzed ,  while t rehalose  ib not  
affected Therefore,  the difference m the amounts  of glucose measured  befl~re and 
af ter  hydro lys i s  should be ascr ibed to GI~-I-P 

W h e n  enzyine ex t rac t s  were incuba ted  for 3o m m  with t rehalose  and phospha te  
buffer (pH 7 o), the chronia tographic  analysis  of  the  produc t  gave gluc(~,~e and a 
( o m p o u n d  which had  the same m o b i h t y  as a- and /~ -Glc - I -P  These compounds  did  
not  appea r  in the absence of  P~ or t rehalose  In  order  to ident i fy  the  phosphoric  e~ter 
p roduced  in the react ion,  a large-scale nnx ture  with phospha te  buffer (pH 7 o, 
x 5 mnioles),  t rehalose (o 8 nimole), and enzyme ex t rac t  was incuba ted  for z h at  
37 ° The phosphor ic  e~ter fi)rmed (o 15 mmole) waq isolated by  a method  similar  to 
t h a t  descr ibed fl)r a - G l c - i - P  (ref 12) Samples  of  g-Glc-I-P and syn the t l~ /3 -Glc - I -P  
were t r ea t ed  in the  same way  The three compound~ ~ ere ob ta ined  as po tass ium sal ts  
Al though the a der iva t ive  cr 5 s tal l ized easi ly from 5o°o ethanol ,  a t t e m p t s  to induce 
crys ta l l iza t ion  failed wi th /3 -Glc - I -P  and ~ l t h  the enzymat ic  producO 3 The addi t ion  
of  I w)l of  e thy l  e ther  gave a yellow ~yrup winch was conver ted  to a ~ hite po~ der b y  
careful add i t ion  of  me thano l  After  d ry ing  an vacuum,  the powders  were dl~solved 
an wate r  and  ahquots  were hydro lyzed  in o 5 M H2SO 4 producing glucose and PI in 
a ra t io  of  abou t  I Af ter  t r e a tmen t  u ith muscle pho.~phoglucomutase I4, the only 
compound  which was conver ted  to an acid ~table phospha te  ester ~ a s  a-Glc-I-P 
Other  aliquot~ ( I2 / ,moles)  were dr ied m vacuum and submi t t ed  to infrared spec t rum 
analysis  (kindly carr ied out  by  Dr E A Rfiveda) in a K B r  disk The spec t rum of 
the  enzymat ic  p roduc t  was s imilar  to tha t  of synthe t ic  f l -Glc- I -P  The characteri.~tic 
peak~ of  the a anomer  at  868 and 835 cm -1 did  not  appear  e i ther  m the au then t ic  

ester  or in the labile phospha te  enzyme produc t  I : rom the da t a  presented,  it  can 
be concluded t ha t  the enzyme found in E graczhs cata lyzes  the reversible cleavage 
of  t rehalose  to t3-(;le-I-P and glucose 

The au thors  w~sh to expreb~ their  g ra t i tude  to Dr  Luis F Leloir  for his help 
in the English version of  the manuscr ip t  and  for his cont inued  guidance and suppor t  
and  to their  colleagues at  the  Instatuto de Invest lgaciones  B~oqu/niicas for helpful 
d~seu~lons and ent iclsnI  T h ~  inves t iga t ion  was suppor ted  b y  gran ts  from the Na- 
tmnal  Ins t i tu tes  of  Hea l th  (U S Publ ic  Hea l th  Service gran t  No GM o3442) and 
the Con~ejo Nacaonal de Investigac~ones Cientfficas y Tdcnlcaa (R Argent ina)  The 
au thors  are career  inves t iga tors  of  the l a t t e r  Ins t i tu t ion  
Instztuto de Im, est~gac~o~tes Btoqubn~cas ENRIQUE BELOCOPITOW 
"Fu~tda~6~t Campomar" and Facttltad ttc 
C,enctas Exactas v Naturales, Obhgado 2490, LuIs  R MARI~CHAL 
Buenos A~res (28) (R Arge~l~na) 
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