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Human lipoxygenases are an increasingly important area of
study because of their implications in a number of inflammatory
disease€? and cancer growth regulatiéri.The generally accepted
mechanism for the lipoxygenases involves a H-atom abstraction
at C-3 of the 1,4-diene in the substrateith subsequent trapping
of the pentadienyl radical by oxygen, forming the hydroperoxide
product.®~8 Hydrogen atom abstraction for soybean lipoxygenase
(SLO-1) is the rate-determining step (RDS) above°8and
proceeds through a quantum-mechanical tunneling pathivgy.
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Figure 1. RP—HPLC traces. (A) A completion reaction which determines
the 13-HPOD ratio (1.9:1, per-deutero to protio) anyl#% mM, 20°C,
15-HLO reaction with aP(k.a/Km) ~ 22, quenched at less than 5%

In the current paper, we report a large, temperature independenlcompletion- The small peaks around 3 and 15 min are artifacts of the

(above 30°C) kinetic isotope effect (KIE){[kealKm] = 47 £+ 7)

for human 15-lipoxygenase (15-HLO) indicating that the H-atom
abstraction step for 15-HLO also proceeds through a quantum-
mechanical tunneling pathway. At low temperature and low

substrate concentration, 15-HLO displays a temperature-dependen?*LA‘k— E-LA <==B-L <= E-LOO’==E-LOOH

PlkeafKm], indicative of multiple rate-limiting processes under
these conditions, despite the fact thatkitg is 45-fold less than
that of SLO-1.

TheP[k.o/Kn] measurements presented here were possible due

to a novel method which determines the competitive primary
Plk.afKm] isotope effect of 15-HLO by measuring the relative
amounts of the protonated and per-deuterated product. Critical

sample workup.

Scheme 1

kq[LA] ky k3[O7] kg ks

E+P

-1 k-2 k.3 k_4

using noncompetitive kinetics, were demonstrated previously for
SLO-11° which indicate that SLO-1 and 15-HLO may have a
common mechanism even though their enzymatic rates are
dramatically different (15-HLOK 5= 6.2 s, SLO-1,keat= 280

—1) 10,17

T.he kinetic mechanism proposed for SLO-1 can be minimally

to this technique was our discovery of conditions under which jaccribed by Scheme'dAccording to Scheme P[kea/Ks] would

RP-HPLC achieves baseline separation of the per-deuterated,

13-HPOD from the protonated 13-HPOD (Figure 12} A

competitive method is essential for 15-HLO because the enzymep

displays both an initial lag phase (13-HPOD activafibapd auto-
inactivatiort®> which make KIE measurements by noncompetitive
methods extremely difficult.

The results of the temperature dependence of the KIE for both
15-HLO and SLO-1 are shown in Figure 2. The remarkable
feature is that the magnitude Bfk../Kn] for 15-HLO at 5uM
LA (38 °C) is large (47+ 7), comparable to that of SLO-1 (48

e described by eq 1,

[keafKinl = (Kead K ko Ko ® = (K"K + 1"k
A+ k™M @)

where substrate releask () and C-H bond cleavagekf) are

(12) The method involves reacting a protio/perdeutero LA mixture, of
known molar ratio, with lipoxygenase in an appropriate buffer. The per-
deuterated substrate {ELA, 98% deuterated, Cambridge Isotope Labs) is

+ 5), and temperature independent at high temperatures (aboveenzymatically treated with SLO-1 to remove the trace protio substrate (H

30 °C).1® These results strongly suggest that i€ cleavage for
15-HLO is fully rate limiting above 30C and proceeds through
a quantum-mechanical tunneling pathway. Phe./K] of 15-
HLO at 5 uM LA is temperature dependent between 5 and
30 °C, indicative of partial rate limitation by steps other than

Ds;-LA). Both protio and depleted per-deutero substrates are RP-HPLC purified
and stored in ethanol at80 °C. The reaction is monitored at 234 nm with a
P-E Lambda 4 and stopped with an acid quench at less than 5% total LA
consumption. It is important to note that diode array spectrophotometers
degrade 13-HPOD and are unsuitable for the experiment. The acidified reaction
mixture is extracted with methylene chloride containing 5% (w/v) trimethyl
phosphite which quantitatively reduces the labile 13-HPOD to an alcohol.

C—H cleavage. Comparable temperature dependence results(The reduction of the 13-HPOD is only necessary when comparing the RP-
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C—H cleavage becomes rate limiting at high substrate concentra-

0 (120N 1 tion, regardless of temperature. A similar increasé[i./Kn]
60t } % $ % 1 at low temperature is effected by the addition of oleic acid (OA),
50 L i } 1 a competitive inhibitof? for both SLO-1 and 15-HLO (Table 1).

540 q
]
730 % 1 Table 1. Variable Fatty Acid Concentration KIE Experiments of

20 | 1 15-HLO (100 mM Tris Buffer, 109 mM NacCl, pH 7.8, &) and

o P™M oy i ] SLO-1 (100 mM Borate Buffer, pH 9.2, 5C)?

A (15-HLO)
o . . . . :
0 5 10 15 20 25 30 35 40 total FA (ltM)
5 13 19 40

140 T T r T T T T

120 |100uM ] KIE-SLO-1

o {, ]k LA (only) 196)  38(7)  46(1)  nm
=% % I LA(5 uM)-+OA 28(1) 34(2) 43(7)
¥ 80 | b $ R
<60 | ] total FA (uM)

40 3 t H 5 10 15 30

20 |PuM @ ¢ ]

0 ¢ B (SLO-1) KIE—15-HLO
—_— LA (only) 15(2) 22(2) 33(3) n/d
O 7 % Reperature @ 0 %% LA(5 1«M)+OA 30(4) 45(4) 65(2)
Figure 2. Variable temperature KIE experiments with (A) 15-HLO, (solid aAll of the measurements with OA have &M LA in order to

circles) 5uM LA in 100 mM phosphate buffer (pH 7) and (open squares) measure the 13-HPOD ratidsn/d: not determined.
100u4M LA in 100 mM borate buffer (pH 9.2). Borate (pH 9.2) is required

hecause LA is not soluble in phosphate buffer (pH 7) abet8 uM. This is significant with regard to eq 1 because, as a simple
(B) SLO-1, (solid circles) M LA and (open squares) 100M LA, competitive inhibitor, OA would not affeck,; however, we
both in 1004M borate buffer (pH 9.2). observe an increase Mik.a/Kn] with increased OA concentration,
which suggests either a change in the H-atom tunneling (i.e., the
intrinsic ko"'/k;P) or the substrate releask ().

Previously, Klinman and co-workers observed substrate con-
centration dependence for SLO-1 at a single temperatuf€)0
and proposed it was due to either premicellular substrate ag-
gregates or a substrate-dependent protein conformational change.
. . To investigate these two hypotheses further, the reaction with
Is presumed to proceed through a comparable pathway; howeverboth enzymes was carried out at high substrate concentration in

Kea for 15-HLO is ~45-fold less than that of SLO-1. The D,0 buffer at varying temperatures. A solvent isotope effect (SIE,
abstraction rate is most likely reduced in 15-HLO because of a D[ keud Kin] 2910 keod K] °2°) Of 2 wats observed for SLO-1 at™e
at '\m af '\m -

change in the redox potential of the iron. If H-atom abstraction ' ith bond d d f ional ch bei
is thought of as a two-step process, a loss of an electron and aconslstent with a H-bond dependent conformational change being
proton, then the driving force can be related to the redox potential partially rate limiting (Table 2). 15-HLO also demonstrates a SIE

(AE°) of the Fé'/Fe&*™ couple and the Ig, of the F&"—OH,.1° . .
Recent MCD and EPR spectroscopic results on 15-HLO and a-ls—igizwitxz%ibl\lﬂe J:?:]pf(r)%t%ehﬂKéErgépgﬂrf?:rnas)ﬁfglg-lgéosa8r)1d
soybean coordination mutant, N694H SLO-1, suggest that the — -

the primary determinants fét{keo/Km] (This assumes, = Kea

and the multiple steps indicated at low temperature are included
in ko). The P[kea/Kp] increases to a maximum d&&H/k.® when
commitment kxt/k_;") is small and decreases, approaching 1,
when commitment is large. This assumes that the intrinsic
k2H/k.P remains unchanged. The reaction mechanism for 15-HLO

ligation change from Asg, (SLO-1) to a stronger ligand, Hig 5°C 20°C 30°C 38°C
(15-HLO), reduces the redox potential of the iron and subse- KIE-SLO-1

quently lowers the rate of the abstractfi! Given the above H0 97 (11) 90 (4) 84 (11) 74 (9)
kinetic scheme, a decreasekinby 45-fold, as seen for 15-HLO, KIEDiols-HLO 55 (10) 70@3) 76 (5) 69 (4)
would establish it as the sole RDS. Nevertheless, this is not the 2 42 (5) n/d 42 (4) nid
case since the temperature dependence indicates that 15-HLO has  p,0 31(4) n/d 42'(4) n/d

multiple rate-limiting steps at low temperature and low substrate
concentration. This is consistent with H-atom abstraction for
15-HLO actually consisting of several discrete steps, all of whose . .
rates may be coupled to the reduction potential of the iron and &t low temperature, albeit of a lower magnitude. The LA/OA

thus lowered accordingly. Spectroscopic and kinetic studies areoncentration dependence and the SIE are consistent with a
currently in progress to identify the nature of the multiple steps “A/OA concentration-dependent conformational change which

involved in the H-atom abstraction at low temperature and low MY Suggest the presence of an allosteric site for both SLO-1
substrate concentration. and 15-HLO, as previously proposed for SL_G-’*JA solvent
Another striking characteristic of both 15-HLO and SLO-1 is isotope effect (SIE) was also seen for SLO-1 using noncompetitive

that the temperature dependencies of tARig./K.]'s are highly methods {[keal K] 2%/ keafKin] 20 & 2.5, 5°C),1% butit is unclear
influenced by substrate concentration, as seen by the increase off It iS due to the same enzymatic process as seen in this paper.
D[keafKy] at low temperatures and high LA concentration (100 Mutants of both the 15-HLO and SLO-1 are currently being
«M) (Figure 2). At 100uM LA, the P[kea/Ky] for 15-HLO remains prepared to investigate the factors regulating these effects further.
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