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In this communication we report the first direct identification of ~Scheme 1. KDOS8P synthase reaction pathway

the inherently unstable putative hemiketal phosphate intermediate 31,230

bound to the enzyme 3-deoxymanne2-octulosonate-8-phosphate 31,004, -zolpo.\'/OH pep 131,085
synthase (KDOS8PS) in a noncovalent complex. This is ac- H OPOS  am H(; Lfon ¥ ;i. “ORON_OH
complished by the application of time-resolved electrospray ioniza- H Coy,; b 0/*\'_'___70 - Y\ asp J’HO”
tion mass spectrometry (ESI-MS) experiments directly monitoring FEP APy PEP o

>0 E-A5P

the enzymatic reaction with its natural substrates on a very short, E-PEP “H;
E*PEP-A5P

millisecond time scale.
KDO8PS catalyzes the first committed step in the lipopolysac-

charide biosynthetic pathway in Gram negative bacteria and (31,248]

involves a net aldol condensation between arabinose-5-phosphate 30,931 20,p0~_OH P P
(A5P), H,0, and phosphoenol pyruvate (PEP) to form an unusual Ho o | %?JVOH.OpoR_‘L Lo 001'
eight-carbon sugar KDO8P and inorganic phosphade(@@heme o/ KDO8P HOS~fvon N
1).! Since KDOS8PS is essential for Gram negative bacteria and E-P, I 0 E-KDOSP
not present in mammalian systems, it represents an attractive E-l complex

molecular target for the design of new antibiotics.

A number of biochemicaland structurdl studies suggest that  detection. This is, in fact, the presumed problem for detection of
the reaction mechanism of KDO8PS may involve the transient the |abile hemiketal phosphate intermedialt Hypothesized for
formation of a labile hemiketal phosphate enzyme intermediate ( KpO8PS. Also, while our previous transient kinetic studies of

Scheme 1). In addition, we have recently synthesized the first KpOgPs indicated that the half-life for this reaction-i§ ms3®
bisubstrate inhibitor combining the key features of PEP and ASP the reaction is completely irreversiBie precluding the use of

into a single molecule which has an acyclic structuréhis equilibrium or reverse direction experiments to examine catalysis.
compound proved to be potent inhibitor of KDO8PS witK gof Considering the above limitations, our strategy for the detection of
400 nM, lending support for the concept of a mechanism that | jyolved the design of a novel rapid-mixing technique interfaced
proceeds through the involvement of intermediateHowever, with high-resolution ESI-MS that would allow real-time monitoring

despite all of the above observations, to date there is no evidencegf chemical catalysis for enzyme reaction times as short-s& 6
available for the existence ¢fas a true enzymatic intermediate. s hence avoiding the need for chemical quenching. To achieve
Moreover, this type of hemiketal phosphate species, while inferred the required short time resolution, the ESI time-of-flight (ESI-TOF)
in several chemical and enzymatic reactibrigs not yet been  mass spectrometer has proven suitable for these studies.
directly observed. This is due to the fact that the proposed hemiketal  gntrol experiments (see Supporting Information) were first
phosphate is both chemically labile and likely to have a very short -qnducted with the KDOSPS alone and with the binary complex
half-life, whether free in solution or bound to the enzythe. KDO8PSPEP (EPEP) to ascertain ESI-TOF MS conditions for
Previous investigations have demonstrated the successful apyoth optimal sensitivity and temporal resolution. The desired short-
plication of ESI-MS and matrix-assisted laser desorption/ionization (ime resolution was achieved by a combination of a custom-
(MALDI) to monitor enzymatic reactions on longer time scales gesigned electrospray probe, high flow rates, and minimal length,
(>0.1s) and to detect low-molecular weight enzyme intermediates narrow-hore fused silica capillary tubing. For maintaining efficient
as well as covalently bound enzyme intermedidfeShe current  gesolvation of the ions at the high flow rates used, high voltage
study focused on the simultaneous detection of substrates and..120 v was required that still allowed15—20% of noncovalent
products as well as the putative intermedibtihat are bound to complexes to remain.
the enzyme asioncaalent complexes, to establish the catalytic The catalytic reactiort of KDO8PS2with its natural substrates,
mechams_m for_ KDO8PS. ~ PEP and A5P, was examined under single enzyme turnover
A transient kinetic approach has been successfully used for direct - qitiong3 by rapidly mixing the EPEP solution with a limiting
detection of both noncovalent and covalent enzyme interme#iates 4y ount of the second substrate, A5P. The reaction was monitored
on a millisecond time scale with the utilization of rapid chemical G,y er several time ranges (7 ms to 160 ms) as illustrated in Figure
quench methodolog}. However, a limitation of this methodology 1 At earlier times, the enzyme binary complexes with each
is the detection of intermediates that are chemically labile under g hstrate. PPEP (z 2067.9) and EASP (mz 2072.0), and each
quench conditions, e.g. acidic or basic, and hence precludes direcbroduct, EKDOSP (z2077.8) and EP, (m/z 2063.1), along with
the intense peak of the free enzymme/4 2056.7) are observed.

Ilﬁﬁyﬁggvggsgi’aﬁfoﬁgo' of Medicine. Moreover, a resolved peak corresponding to the enzyme-bound
8 Technion. intermediate (B, m/z 2084.2) is clearly evident (see Scheme 1
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