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We report identification of a novel Arg-Asp-His catalytic triad B .
that serves dual functionphosphate activation and leaving group o Mis32 )8 A
. - Asp274— - i '
protonation-to catalyze the PO bond cleavage for phosphati- 0- - -H N N He - QPO
dylinositol-specific phospholipase C (PI-PLC) frai thuring- |
iensis PI-PLC cleaves the-PO bond of phosphatidylinositol (PI) c-2 O\
to form inositol 1,2-cyclic phosphate (IcP), which is then slowly c-1
hydrolyzed to inositol 1-phosphateX-ray structuré along with
site-directed mutagenesisled to the mechanism in Figure 1A, Arg69 sp33
which involves three elements: His32 as a general base assisted HQN%\‘N- -H--d)-\o--l.-l
by Asp274, His82 as a general acid, and Arg69, which activates : : )
the phosphate group. We recently added two additional aspects C K (]I\inISBZ
to the mechanism: that Arg69 activates the phosphate by o His32 Qt---Hp= R N
hydrogen bonding to thpro-S oxygen at the transition staté, Asp274— - . S
O---H--Ng, N--H--O— 0 H

and that Asp33 and His82 function intimately together as a
“composite general acid” (Figure 1BY.We now further show
that the functions of Asp33 and Arg69 are also inseparable, which \0_1
led us to propose the mechanism involving the novel catalytic
triad (Figure 1C).

Our conclusions were achieved by rigorously cross-examining RO RO
the bridging and nonbridging “thio-effectskd/ks ratios§—° of Ro{ RO:‘_
PI-PLC and its mutants with Pl analogues shown in Figure 2. o s

Figure 1. Evolution of understanding of the mechanism of PI-PLC.

Both types of thio-effects are usualyl in enzymatic reactions \P“ex \P..«X

since sulfur weakens potential hydrogen bon#ingnd also HOy” Sy HOy~ Sy
introduces possible stetiand chargédifferences. The usefulness OH OH

of the nonbridging thio-effect lies mainly in the comparison of HO OH HO OH

the enzyme activity towar&®p- and Sp-isomers. Bridging thio- OH OH

effects are more difficult to interpret since they are directly related R = Cy5H3,CO R = C7H{5CO

to the bond being cleaved, ane-B bonds are much weaker than X= 8, ¥ = 8' DP_’B'PPs' § fg, z = g. g;?-SD%sPsl
P—0O bonds (i.eko/ks is <1 in chemical reactions}. §; S'Y-o. Qg_opps' X =S, Y =0, Sp-DOsPsl

The maximal activities of WT, D33N, and D33A toward . o
substrate analogues are listed in Table 1. While the rates depend '9Ure 2. Structures of substrate analogues used in this work. DOsPsl
on the detergent used to disperse the substrate (see fobjpote 'S°Mers were synthesized analogously as DO%Rkcept sulfuriza-
all data in Table 1 were obtained under the same condition’s with tion with S/CS; was used instead of oxidation of the intermediate phos-

. o hite.

dihexanoyl lecithin as a detergent. Furthermore, the analoguesp !
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Table 1. Maximal Velocities of the Cleavage of Substrate Analogs This result does not rule out the possibility that the steric effect

by PI-PLC*" of the nonbridging sulfur could perturb the exact position of the
panel  substrate WT D33N D33A side chain of Arg69, which in turn perturbs the side chain position
of His82 (andvice versg. However, it is difficult to account for
: B;)_ngpsl 25%83?:80 %Bi%_gl 32(054i70£%).003 the_ very IargeR_p/_S) ratio by_the steric effect alone, an_d itis also
OISzdre 38+ 6 55+ 0.5 98+ 9 difficult to envision how_thls effect could_be_transmltted along
Il S-DPPsl  0.0065% 0.0004 0.0%: 0.006 0.009t 0.001 three residues. The steric effect of the bridging sulfur should be
O/Ssgorbre 3080004 32000 160+ 20 510+ 70 smaller, and it would not explain the greatly diminished stereo-
Rp/Sp 82004+ 1000 29+ 4 52+1 selectivity observed with DOsPsl isomers. Finally, the sinf{lar
Il DOsPI 58+ 2 49+ 2 values ofRp- and Sp-DPPsI suggest that steric interactions of
o/gre 3445 0.09+0.1 sulfur are not important in the ground state.
V' Rp-DOsPsl - 151 0.84+0.06 3.0£0.2 Communication between Arg69 and His82 Is Disrupted in
8@ nonbr i'iio %5 gﬁoilgi 0.002 D33A. For the D33A mutant, thékp/Sp ratio is comparable
Vv ao-DpOsPsl 0.62- 007 0.1+ 0.01 between DPPs| (5_.2) and DOsPsl (32), and the bridging thio-
o/ e 0.010=+ 0.002 0.09% 0.02 effect O/9" is identical between DOsPI argh-DOsPsl (0.09).
OIS 87+ 10 490+ 77 Thus, the communication between the nonbridging thio-effect
Rp/Sp 254+ 2 324+ 45 (reflecting the Arg69 function) and the bridging thio-effect

(reflecting the His82 function) is no longer present in D33A. This
50 mM Na-MOPS buffer, 5 mM Na-EDTA, 10% D, pH 7.0. The result strongly supports the interpretations in the previous sections.

substrate (10 mM) was dispersed in dihexanoyl lecithin (40 mM) and .Proposed Functionall ques ,Of t'he. Arg-Asp-His Catalytic.
sonicated in the ultrasonic bath. The activities are expressgthai Triad. The Arg-Asp-His triad is distinct from other catalytic
min—t mg-*. The experimental error was obtained individually for each triads* in that it is dual-functional. The detailed mechanism,

experiment by summation of individual errors for each operation however, remains to be further investigated, particularly regarding
(product and enzyme quantitation and time errbijhe Vinax values the specific nature of the interaction between Arg69 and the
for the Cleavage of DPPI by the WT PI-PLC varied dependlng on the phosphate_ In our VleW, our data are most CO”Slstent W|th a

detergent used, and were 1090 and 60 in the presence of sodiu ; . : e
deoxycholate and hexadecylphosphorylcholine, respecti¥&gtio of mproposed dual general acid mechanism: During the initial phase

Vmax Values for DPPI and DPPsi Ratio of theVyax values for DPPI of the reaction, the approach .Of the”negatlvely charged 'nOS.ItOI
and DOSPI¢ Ratio 0f Vimay values for equivalent isomers of DPPsl and ~ 2-0Xygen toward phosphorus is facilitated by hydrogen bonding
DOsPsl.f Ratio of theVimax values for DOsPI and DOsPsl isomers.  Of protonation of the nonbridging oxygen by Arg69. The degree

of proton transfer would change along the reaction coordinate,
relieved most of the stereoselectivitR{Sp = 16). The large since in the later phase of the reaction, protonation of the leaving
stereoselectivity results from an extremely higho-S and a group (bridging) is necessary and _deprotonatlon of the nonbrldg_lng
modesipro-R nonbridging thio-effect. This was the key evidence 0XYJens would be'benef|0|al, as it would help repel 'ghe negative
supporting the role of Arg69 mentioned above. As shown by the charge of the leaving group. This could be accomplished by the
data in Table 1 (panels-il), the Rp/Sp rate ratio is also greatly ~movement of the arginine proton away from the nonbridging
reduced in both D33 mutant§hus, the interaction of Asp33 with ~ 0Xygen with simultaneous movement of the imidazolium proton
Arg69 is also important for the catalysis by PI-PLC. The results toward the bridging oxygen, to an extent depending on the reaction
taken together led us to suggest the new catalytic triad. progress. _ )

Is the Communication Structural or Functional? Before Relevance to Ribonucleased he reactions catalyzed by Pl
concluding that the communication between the three residues isPLC are analogous to those of ribonuclea$é$Despite three
functionally significant, one needs to rule out the possibility that decades of extensive research, the mechanisms of ribonucleases
it is a structural effect, i.e., mutation of one residue significantly A and T1 are still under serious debété:'® The uncertainties
alters side-chain positions of the other two residues. We therefore'€late mainly to the exact roles of specific active site residues.
examined the communication between the effects of bridging and The experimental approach presented in this work, and the
nonbridging sulfur using DOsPs| substraties the wild-type demonstration of communication between active site residues, will
enzymeAs shown in panels IV of Table 1, theRp/Sp ratio of likely be useful for the studies of ribonucleases and other
WT is significantly reduced for DOsPs| isomers (relative to Phosphoryl transfer enzymes.

DPPsl). This suggests that the role of Arg69 in phosphate

a All assays were performed P NMR at 25°C at 121.5 MHz in

activation (reflected by thRp/Sp ratio) is significantly impaired Acknowledgment. This work was supported by NIH grant GM30327.
when the role of the general acid is reduced by the presence 0fThe NMR spectrometers were supported by NIH grant S10 RR11283.
the bridging sulfur. JA9834677

Likewise, while introducing the bridging sulfur into DPPI e el 3 A 1588 332 6164

— T Vi arter, P.; ells, J. ANature .

(DPPI — DOsPI, O/3" in panel Ill) reducesthe activity of (15) Raines, R. TChem. Re. 1998 98, 1045-1066.
WT by 34-fold, introduction of bridging sulfur int&p-DPPsI (16) Steyaert, JEur. J. Biochem1997, 247, 1-11.
(Sp-DPPsl— Sp-DOsPsl)increasesthe activity of WT by 91- (17) Breslow, RAcc. Chem. Red.991 24, 317-324.

H i i i (18) Breslow, R.; Chapman, W. H., Rroc. Natl. Acad. Sci. U.S.A996
fold. This suggests that reducing the phosphate activation byga 1002810031,

introducing a nonbridging sulfur at thpro-S position also (19) Mihai, C.; Mataka, J.; Riddle, S.; Tsai, M.-D.; Bruzik, K. Bioorg.
diminishes the bridging interactions. Med. Chem. Lett1997, 7, 1235-1238.



