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Abstract: Whole cell culture of recombinant bacteria Bacillus subtilis, over expressing the phosphoinositide
specific phospholipase C (PI-PLC) gene of Bacillus thuringiensis has been used as an efficient catalyst
for practical multigram scale synthesis of D-myo-inositol 1,2-cyclic monophosphate directly from
phospholipid mixtures containing phosphatidyi-inositol. This synthesis does not require protein purification
and growing bacterial culture can be directly used. The reaction can be monitored by in-situ 1P NMR.

© 1998 Published by Elsevier Science Ltd. All rights reserved.

Phosphoinositide specific phospholipase C (PI-PLC, EC 3.1.4.10) enzyme catalyses the cleavage of the
sn-3-phosphodiester bond of phosphatidylinositol (PI, 1 in Scheme-1) into lipid soluble diacyl glycerol (DAG,
3) and water soluble inositol-1-phosphate [1(1)P, 4]. The enzyme plays a central role in cellular signal
transduction cascades by generating second messenger molecules; DAG which activates protein kinase C (PKC)
isozymes and inositol 1,4,5-triphosphate which

promotes Ca2* ion release from the internal

stores of cells and further signal transduction o o o /“\/,=\/=\ NS LA
events.l.2 PI-PLC class of enzymes are HO o —F-o Ao Y\/N/\/\/\ A
produced by a number of gram positive Ho\\.-'d\]s}”,o}‘

bacteria  e.g.  Bacillus species, OH L

Staphylococcus  aureus  and  Listeria (l PI-PLC

monocytogens, and also by higher

eukaryotes. The physiological role of /E,O. o

bacterial PI-PLCs, which are much smaller HO (1)\ Y 0)1\«'*’\~v/=\v/=\vf:“\v/:\/\vf’\
in size (~ 300 amino acid residues) as HO\( ron HO\/J\“/OY\ AN A
compared to their mammalian counterparts, is ou s

not well understood. However it is z

interesting that the bacterial, and not Hzo\{ PI-PLC

mammalian PI-PLC, can cleave the glycosyl ot o

phosphatidyl  inositol  (GPI)  anchored Ho\/l\/o—'r%—on

membrane proteins and carbohydrates3. o I/J" o

There has been significant interest on these oH

enzymes for their biological mechanism,* and 4 Scheme-1

anumber of them have been cloned and

sequenced.> The X-ray structural ® site-directed mutagenesis’ and isotope labelling® studies have shown that

oo gfarnca antivity mendiies

., | A biieans frrre aAtivgat ~tanre Ao MNosmeun_inncitnl 1 I_runhin
uas.u,um 1'1 I'L.\/ COMmoines v buvnuca a puuapuuua.umcnaac aClivily prouutiilg w-myo-Hiusiiul - 1,o~vyuli
monophosphate [I(1:2cyc)P] (2) with overall retention of configuration at the phosphorus atom, and a
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cvclic-phosphodiesterase activity producing D-myo-inositol-1-phosphate (4) through slow hydrolysis of cyclic
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which attacks at the phosphate group to form a five-membered cyclic phosphate. Despite being widely studied
enzymes biochemicaily, PI-PLCs have not been expioited in organic synthesis due to their high specificity
and absolute stereochemical requirement in terms of substrate, difficulty in purification,” and high cost of
protein from commercial suppliers. Therefore their use has been restricted to biochemical analysis of GPI-
anchored proteins and carbohydrates. Recently in a significant report,!0 Bruzik et. al. demonstrated PI-PLC
catalysed reverse transesterification of myo-inositol 1,2-cyclic monophosphate and its utility in synthesis of O-
alkyl inositol phosphodiesters, opening opportunities for new and shorter routes to chiral phospho-inositides for
signal transduction!! and anti-signalling drug design.12

For our studies on biosvnthesis of narasitic GPl molecules and their role in sional transduction. we
ror studies o yninesis of parasiiic Ori moiecuies and elr ro€ in signa transguction, we
rasnirad 1/ 1: 90D (9) and Inhallad annlagiiag tn ha meamnead by DT DI 7 anocrenn Qinan tha tonlntian Af ¢hio
TeQUITrea 1{1:40YC)r (&) 4and 1a0Cnca anaiogucs (0 o€ prepared oy ri-roC SnzZyme. Since e isoialion oi nis

enzyme is not trivial,? we decided to explore the feasibility of using whole cell culture of recombinant Bacillus
subtilis available to us as a catalyst to prepare I(1:2cyc)P and related labelled and structural analogues. This
approach was prompted by reports* that Bacillus subtilis and other gram-positive bacteria secrete significant
amounts of proteins in the culture media during cell growth. Although biotransformations based on whole cells
such as baker's yeast have been used!3 in organic synthesis, recombinant bacteria have not been fully exploited.
One of the first such examples was recently reported14 by C.-H. Wong and co-workers in application of a
recombinant E. coli whole cell system as a catalyst for 1,2-a-mannosyl-transferase mediated practical synthesis

of glyco-conjugates.

Her: we renart the cuccecceful annlicatinon of a whaole cell culture ove o roonmhbinant hactoria
4 awa i VY W lvy\/‘ v AW OMWVVWIUL ML “yyllwuvll Wl & YYIIVIW Wwwil WuHItWIWY O yOoWill Ui Mivw IWWAZIIIUIIIGULIY LUdaviuvwl i
Dovnilliio csshsilio (tenmafFantad sxritle I W 0 non s Fomionn D211 Py NS L L I, WY Ty (ISR oSt NP LI 1.
DO dUULLL (UallSITLCU WIUL T-TLAC gUIHC HOIL DUCHHWY INUTIAZLETINIY) A> d Ldldl ydL 101 Ul picpdialye scaic

synthesis of chirally pure D-myo-inositol 1,2-cyclic monophosphate [I(1:2cyc)P] (2), a key compound of
biological interest and a potential synthon for various phosphoinositides. The synthesis does not require purified
protein and growing cells can be used directly. Other important aspects of this whole cell system are (1)
recombinant bacteria can be grown easily by standard procedures, (ii) a cheap and commercially available
phospholipid mixture (soybean lecithin, containing 20 % PI) can be used as the substrate instead of pure and
expensive P, (iii) detergents (sodium deoxycholate or triton X100) and critical micellar concentration are not
needed, which otherwise are required for reactions with pure enzyme due to its interfacial activity (iv) the reaction

re by 31P NMR. The

can be scaled up to multieram scale and the nro

can be scal tigram scale and the progress of reaction monitored in ultu

experimental procedure for preparative scale is as follows

Method for synthesis of D-myo-inositol 1,2-cyclic monophosphate from soybean phospholipid mixture.-
The sub-culture of B. subtilis (BG 2320, transfected with PI-PLC gene from Bacillus thuringiensis,> with more
than 500 fold activity than wild type strain) was grown in standard peptone medium!3 in a one litre scale in a
orbital incubator shaker at 37 0C for 22 hours. To the 400 ml of this growing culture was added phospholipid
mixture (12 g soybean lecithin, USB 18245, ~ 20 % PI content) and the incubation was continued for an
additional 5 hour during which all the PI was consumed as monitored by TLC (CHCl3: MeOH: NHsz; 7: 3: 0.2)
and in-situ 31P NMR by taking 400 ul cell-culture aliquots in 5 mm NMR tube containing 50 ul of D20. The 31P

NMR (without proton decoupling) was recorded at hourly intervals to monitor complete hydrolysis of PI since
ha mradiist 10190\ D 2 Avia th tha fiva_masamabhaead ~Agn nhronhata mng oy, rharantarictin Adnnhlat at 14 1
11 leubt 1\1 Lbyb}[ 4 LIUC W UIU HIYUTHUIGLILUG, LIV UUUUICL ab iuL

ppm and PI a broad signal at 0.5 ppm (Figure 1 shows 31P NMR spectra at (a) the time of addition of lecithin
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ow transesterification reactions and formation of inositol-1-
phosphate (4). After completion of the reaction, the mixture was centrifuged (10000 rpm at 4 °C) and the
supernatant was washed with chioroform-methanoi (9:1) to remove other phospholipids. The aqueous layer
was freeze dried to give compound 2. This
was further purified by ion-exchange
chromatography (Dowex 1 x 8 anion l
exchange column equilibrated in 100 mM '
ammonium formate) and desired 2 was H

eluted with 250 mM ammonium fO@aw ~ o ” w’ﬁj\\.

or

phosphatidylinositol present in lecithin used

buffer. The repeated freeze drying provided

1.08 g D-myo-inositol 1,2-cyclic

monophosphate  (more than 95 % yield, '

calculated on the basis of 20 % l
ﬂ

as starting matenal, i.e. the entire Pl was

selectively consumed leaving aside other
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phospholipids present in lecithin). The

R . . l LIMEL A S A S B S B T LR § Trw l' TTTTT T T T Y L L LA A A B A I_'V__Yﬁﬁ'—
product D-myo-inositol 1.2-cyclic npm 30 20 10 0
monophosphate (2) was characterised!® by Figure 1
1H and 31P NMR and electrospray ionisation

mass spectrum.

In conclusion, the synthetic approach presented in the paper illustrates the convenient use of a recombinant
bacterial whole cell culture for efficient and high yielding synthesis of optically pure D-myo-inositol 1,2-cyclic
monophosphate (2) in a single step without cumbersome procedures of enzyme purification. Moreover a
phospholipid mixture can be used as starting material instead of pure substrate. Keeping in view rapid advances
in molecular biclogy allowing a large number of proteins to be produced by genetic methods, application of
whole cell or cell-free enzyme preparations from recombinant micro-organisms can be exploited in organic

synthesis.

Acknowledgement: Authors wish to thank Drs Martin Low (Columbia University), Victoria Stevens (Emory

L U R L A% 7al )

University School of Medicine), Satyajit Mayor (NCBS, Bangalore) for helping with recombinant bacterial
strain. The Director NII and the Department of Science and Technology (Govt of India) are acknowledged for

financial support.

REFERENCES AND NOTES

1.  Berridge, M. J.; Irvine, R. F. Nature 1989, 341, 197-205.
. Bernidge, M. J. Nature 1993, 361,315-325.
3. Low, M. G.; Saltiel, A. R. Science, 1988, 239, 268-275; Ferguson, M. lA. J.; Williams, A. F. Ann. Rev,
Biochem. 1988, 57, 285-320.



6072

~

10.
11.

—
[ 3]

13.

14.

15.

16.

Volwerk, J. J.; Shasidhar, M. S.; Kuppe, A.; Griffith, O. H. Biochemistry 1990, 29, 8056-8062.;
ﬂnf 1t h 0 anmprlr 1 Kunne othnde mevmnl 001 17 A - 2 -1 euer T
NSKAIRAvARy e KA VARV Wiy v s ARMPP, L1 (FRCHURS LR yInie FIR, 1577, RIOIIL., LIEH, J. ’

x

Garigapati, V. R.; Zhau, C.; Roberts, M. F. Biochemistry 1993, 32, 8836- 8841.

Henner, D. J.; Yang, M.; Chen, E.; Hellmiss, R.; Rodriguez, H.; Low, M. G. Nucleic Acid Res.
1988, 16, 10383-10383, Kuppe, A.; Evans, L. M.; McMillen, D. A.; Griffith, O. H. J. Bacteriol. 1989,
171, 6077-6083 and references cited therein.

Essen, L-O.; Perisic, O.; Cheung, R.; Katan, M.; Williams, R. L. Nature 1996, 380, 555-602.; Heinz,
D.W.; Ryan, M.; Bullock T.L.; Gﬁffith, O. H. EMBO Journal, 1995, 14,3855-3863.; Heinz, D. W;

Ryan, M.; Smith, M. P.; Weaver, L. H.; Keana J. F.W.; Griffith, O.H. Biochemistry 1996, 35, 9496-

J : 1 A
Volwerk, J. J.; Griffith, O. H.; Keana, J. F. W. Biochemistry 1992, 31, 8978- 8993.; Lewis, K. A.;
C.;

TR

HAandal D T-Diddla CD WWeavohul- A U . Zhoan~ 7 T an~a LT Reneril 7 Q Ten: M. T

nondai, ~.oJ., /G, oL, Naavlnun, A, V., L1id0, L., 1140, 1., DIUZIN, 1N O, 1ddl, Ivi~U

ne I Y 4 N~ VL NN I AM M : Fal o ™ A 4 A S ™ g BN o RV | ra Y A Ty _ - T™ I17r
piocnennsiry, 13> 7, 30, 0033-004.4.; Uassier, L. d.; Kyan, . Liu, 1.; Uniiiin, v . €inz, 1.

Biochemistry 1997, 36, 12802-12813.

Bruzik, K. S.; Tsai, M.-D. Bioorg. Med. Chem. 1994, 2, 49-72; Bruzik, K. S.; Morocho, A. M.; Jhon,
D-Y.;Rhee, S. G.; Tsai. M-D. Biochemistry, 1992, 31, 5183-5193.

Low, M. G.; Stiernberg, J.; Waneck, G. L.; Flavell, R. A.; Kincade, P.W. J. Immunol. Methods
1988, //3,101-111.

Bruzik, K. S.; Guan, Z.; Riddle, S.; Tsai, M-D. J. Am. Chem. Soc. 1996, 118, 7679-7688.

For a comprehensive review, Potter, B. V. L.; Lampe, D. Angew. Chem. Int. Ed. Engl. 1995, 34, 1933-
1972

LT 7

Do MM Qeitlh A4 D Via~d T L7 T ~ AY YRR ¢ Wanams T IT 1R7 M ffel, M LY T AL T ML
R¥yail, vl., oilliul, vl ., ViNiOQ, 1.4, LdU, vv, L., ACdild, J. O, v, UTiiiWu, U, 1. J. vMea. Lnem
Tnns A0 AL Amms

12390, 35, 4300-45 /0.

Roberts, S. M.; Wiggins, K.; Casy, G. Preparative Biotransformation: Whole cells and Isolated Enzymes
in Organic Chemistry, Wiley, Chichester, 1992.; Csuk, R.; Glanzer, B. 1. Chem. Rev. 1991, 91, 49-97.
Herrmann, G. F.; Wang, P.; Shen, G-J.; Wang, C.-H. Angew. Chem. Int. Ed. Engl. 1994, 33, 1241-
1242,

Peptone medium for 1 litre contained peptone (10 g), yeast extract (10 g), NaCl (5 g), KoHPO4 (0.4 g),
pH adjusted to 7.0 by 1M NaOH solution. This medium was autoclaved and antibiotic chloramphenicol

was added to make up 15 i g/ml conceniration,

1H NMR (300 MHz, D,0) 8 4.51 (¢, H-2,J = 4.8 Hz, 1H), 4.12 (ddd, H-1, ] = 4.8, 7.86, 20.2 Hz,
1H),3.60 (1, H-6,J = 8.4 Hz, 1H), 3.54 (ddd, H-3,J = 2.0, 3.8, 10 Hz, 1H), 3.44 (s, H-4, ] = 9.6 Hz,
1H), 3.09 (1, H-5, J = 9.8 Hz, 1H); 3P NMR (125 MHz, D>0, without proton decoupling)  16.01 (d, J
=20 Hz, P-H1 coupling); Electrospray ionisation MS (negative ion): m/z 241.



