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Enzymatic Synthesis of sn-Glycerol 3-Phosphatel

Sir.'

We describe here a practical procedure for the synthesis of
s/,-glycerol 3-phosphate (GP, l-glycerol 3-phosphate) based
on enzymatic phosphorylation of glycerol using ATp and
glycerol kinase (E.C. 2.7 .l.30) (eq I ). The ATP is regenerared

slowly into 1000 mL of  acetone with v igorous st i r r ing.  The
resulting white, fluffy precipitate was filtered and washed with
acetone (2 X 500 mL) and anhydrous ether (500 mL).  The
precipi tate (  I  l5 g) was dr ied over Dr ier i te for  12 h under
vacuum: i t  contained95Vo di(cyclohexylammonium) GP (238
mmol,  T9Vobased on AcP, T6Vobased on glycerol) .  The ac-
tivit ies of GK and AcK in the recovered gel after these three
consecutive runs were 98 and 5 l7o, respectively, of the activities
of the or ig inal  immobi l ized preparat ions.

This same enzymatic system has been used to prepare .rr?-
g lyccro l -2 - r / ;  3 -phosphate  in  0 .5 -mol  sca le  (213 g  o f  the  d i -
cyclohexyla m moni u m salt) and sr-gly cer ol- 3 - d 1 3-phosphate
in  30-mmol  sca le . l2

This synthesis i l lustrates the pract ical i ty of  synthesiz ing
chiral  intermediates by enzymatic react ions which require
ATP. The requirement for substantial amounts of isotopically
and chemical ly subst i tuted phosphol ip ids in membrane bio-
chemistry and the prospect that  large quant i t ies of  enan-
t iomerical ly pure phosphol ip ids may be needed i f  l iposomes
prove useful as drug delivery systems justify the development
of  th is synthesis of  sn-glycerol  3-phosphate.  A faci le prepa-
rat ion of  GP should also prove useful  in syntheses of  other
substa nces (  t  r ig l  ycer ides,  t r ichoic acids,  cardiol ip i  ns) -s.  I  :  O.-
r ived from i t  b iosynthet ical ly.
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using the recycl ing system descr ibed previously,2 wi th acetyl
phosphate (AcP) as thc ul t imare phosphorylat ing agent.3 Gp
is an important intermediate in syntheses of  phosphol ip ids.a
Present preparations of chiral glycerol derivates are based on
isolation from natural sources,5 or on cleavage of the C-3-C-4
bond of derivatives of mannitol.6 Both types of procedure are
capable of  generat ing substant ia l  amounts of  mater ia ls,  but
require several steps. The enzymatic synthesis described here
requires only a s ingle step, and provides what is probably the
most practical method presently available for the preparation
of quant i t ies of  enant iomerical ly pure GP.

A representat ive synthesis was carr ied out in a 5-L round-
bottomed f lask equipped with a pH electrode and containing
a magnet ic st i r r ing bar and 5 g oi  nylon beads to faci l i tate
st i r r ing.  The f lask was charged with I  L of  doubly dist i l led
water containing glycerol  (  I  l0 mmol) ,  ATP (2 mmol) ,
MgClz.6HzO (4 mmol) ,  and di th iothrei to l  (DTT, l0 mmol) .7
Thc solut ion was adjusted to pH 7.6 (no buffer) .  Polyacryl-
amidc gcl particles containing immobilized glycerol kinase (42
U ,  3 0  m L  o f  g e l )  a n d  a c e t a t e  k i n a s e  ( E . C .  2 . 7  . 2 . 1 , 4 2 U , 1  m L
of gcl)  were added to thc mixture.8 An aqueous solut ion (60
mL, I  M, pFl  7.6) containing 120 mmol of  d iammonium acetyl
phosphate3 was added cont inuously to the st i r red rcact ion
nr ix tu rc  over  48  h  a t  a  ra te  o f  2 .5  mLlh  (2 .5  mmol /h ) .e  Thc
mixturc was maintained between pH 7.4 and 7.8 by addi t ion
of L5 M NH4OH, using an automatic pH controller. Reaction
was carr ied out at  ambient tempcrature,  and the react ion
mixtures and all rsagcnt solutions were dcoxygenated before
use and maintained under argon. After addi t ion of  120 mmol
oi  AcP over 48 h,  cnzymat ic assayl0 indicated that 100 mmol
of G P had been formed. Stirring was stopped and the gel sus-
pension al lowcd to set t le for  6 h at  ambient temperature.  The
supernatant was dccanted under positivc argon pressure using
a stainless-steel  cannula.  The rcactor was then reloaded with
glyccrol ,  ATP, DTT, and MgCl:  and the addi t ion of  AcP
continucd for another 48 h. Three consecutive reactions ( 134
h of  operat ion) generated a total  of  318 mmol of  GP. Thc
combincd supernatant f rom these rcact ions (3810 mL) was
adjusted to pH 3.0 wi th concentrated HCI and concentrated
under vacuum ( l0 Torr ,  60 "C) to a volume of  40 mL. This
conccntrate was adjusted to a pH between 0.0 and 0.5 wi th
concentrated HCI and 120 mL of  methanol  was added. The
mixture was allowed to stand lor 20 min at 4 oC, the precipitate
(mainly inorganic phosphate) separated by fi l tration, and the
f i l t rate t reated with 2 equiv of  cyclohexylamine (63 g,  636
mmol) ."  Any prccipi tate which formed at  th is point  was
separated by filtration and discarded. The mixture was poured
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