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NicC Activity with 5-Chloro-Coumalate
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Background and Significance

Can NicC catalyze the decarboxylative hydroxylation of 5-Cl-coumalate?

* N-heterocyclic aromatic compound (NHACSs) are one of the most pervasive contaminants I . ,n Gl
that can exist either naturally or stem from synthetic NHACs, as found in industrial A . ¢ 1ge - Cl-coumalate linear range N / oo
pI‘OdUCtiOnS. 1100 N [| ] I-C1-2 S-dhydraxy pyrana
 FMOs such as 6-Hydroxynicotinate 3-monooxygenase (NicC), catalyze the electrophilic I A - A T S 4 ] ] __ Product
aromatic substitution in NHAC such as pyridine, quinoline, lutidine, etc. as they are 1|l \ | & e T Km Kcat Kcat/Ku Kg _
degraded by bacteria 1004 1001 10°] | Substrate coupling
.. . . . . 4 B2 Spectem et : : Cl ) Cl (HM) (S_l) (|\/|'15'1) (”M) ratio
 The efficiency with which FMOs reduce the flavin with NAD(P)H and release NAD(P)* is o /A st QEW ¢ XA DC T -0 MED HBBNE b = I ﬂ NicC ﬂ
enhanced when a substrate is activated (such as ionized) upon binding. <é | | e s e 0”0 6-HNA 118 5.1 4.2 x 104 90 0.9
Anaerobic degradation 0 ! : se ) :
~ Ay T/ L o | 5-chlorocoumalate 3-Cl-2,5-dihydroxy pyranone 5-CI-6-HNA 3.9 2.2 5.6 x 10° 7 1
ey e A g __ [M-H+]-/z = 172.9 [M-H+]-/z = 144.9
H e I —— ey 4-HBA 600 0.0074 1.2 x 107 355 0.52
. - Time (min) Time (min) , | 3-Cl-4-HBA 41 6.2 1.5 x 10° 49 1
'I’/F-‘H"““‘]"H“DH [PFeoSMCD Cr ™ e O"":}\"H"ﬂ | B gz |%85: §8e3g: spy 5% EggEc: § EEg iz ER §|E t Coumalate 180 <12 6.4 x 10° S 0.2
Nicotinic acid o i o 2500 | Figure 5: HPLC chromatogram of reaction containing 5-ch|o.ro cou.malate, N.ICC, ' el 5-Cl- 126 5+05 | (3.9+1.3)x 104 ND > 0.70
0y MK and NADH observed at 340nm. (A) Chromatogram of the reaction at time ~ 0 min. Figure 6: Analysis by mass spectrometry of a reaction of 5-Cl-coumalte and NADH with NicC to coumalate
o ' (B) Chromatogram at reaction time = 90 min. confirm production of 3-Cl-2,5-dihydroxy pyran-one.
Q{\. 7 ﬂ . = 0 NicF :,—_-.:'-:' ~OH NicD = ,__OH . . . . . ; : : ;
g0 wee [t o oA ! o oA 1l - - - Table 2: Comparison of the rate of reduction of NicC by NADH in the presence of a
e amanc s N " b HriHU What 1S the COUleng extent When NICC acts on S_CI'CoumaIate? Steady State KInetICS Of N ICC Wlth substrate to the rate of reduction of NicC by NADH in the absence of any
substrate! 23,
5-Cl-coumalate
Figure 1: Nicotinic acid (NA) degradation in aerobic and anaerobic bacterial. 4000000 o Reduction rate
5-Cl-coumalate 510 ‘ NADH binding v qride Overall
000 N / JEFAD + H,0, - 8: Initial rate of NADH substrate  Ka)BM)of  enhancement o o enhancement enhancement
. S . 0, NAD (19 £ 15% Uncoupled) ilgure o: Initial rate O E.eNADH K S
N|CC ACt'V'ty W|th Alternate SUbStrateS S 3000000 E§§§§+ A ES—Cl—coumalate/ . ) oxidation measured by > BE = K_g Krea)s™) RE = (kr—ed) (BE x RE)
A = NAD" FADHOOH \ following linear change of rate e
(¢ 2500000
TI 2.5 | )
0 o 0 ‘Eﬂ E FAD + H,0 382.5 . at 380 nm. 5-Cl-coumalate SRR SR 2 — 28 6200
2000000 .
on OH = (81 + 15% Coupled) w . concentrations (10 —700 uM), a 5-CI-6HNA 50 15 44 29 435
‘ OH ‘g 1500000 = constant concentration of NADH
07N HO O E 00000 ch 255 . (700 uM), and constant NicC AAEIA Al 2 T2 £ A
. p concentration of 100 nM at 25 °C
6-HNA 4-hydrobenzoic Coumalic acid 500000 ""u' y = m1*x/(m2+x) 3-Cl-4-HBA 15 50.6 15 10 506
acid (4-HBA) Y o Value |  Error pH 7.5.
o 0 s 5 mi| 50293 | 54.16 Coumalate 670 1.13 37 25 28
O - 127.5 m2| 1261242033 |
ClI oH O Cl 0 20 L0 10 < . Chisq| 13788| NA 5-Cl-
Cl OH 1 1 R| 0.93931
] j@)LOH O @ Time (min) coumalate 39 19 3.5 2.3 45
HO Figure 7: Plot of the integration of NADH and 5-Cl-coumalate elution peaks showing the difference in 0 | | | Kanaon IN absence of substrate = 770 uM; K4 in absence of substrate = 1.2 s
5-CI-6HNA 3-CI-4HBA 5-chlorocoumalate utilization by NicC. The orange line follows disappearance in 5-Cl-coumalate, the blue line follows NADH 0 200 400 600 800
' : ' ' i disappearance. Coupling extent was approximated from fractional disappearance of NADH and 5-Cl-coumalate
Flgu.re 2: Structures of alternate substrates for NicC showing the chlorinated disapp _ pling PP PP 5-Cl-coumalate [“M]
version along the bottom row. In a 1:1 reaction.
0, NAD’ . . . .
6HNA 2
g lINA pONAL S A N Anaerobic reduction of NicC by stopped-flow spectroscopy In the presence of 5-Cl-coumalate Future Research
NADH NAD™ O,
2,5-DHP Figure 9: (A) Time course for reduction half reaction in anoxic g c . D 3.5 - * Investigate the binding activity of NicC and the formation of charge
G&NDAJF H,0, solution with NADH by NicC-5Cl-coumalate at 450 nm - . transfer complex.
E | absorbance. (B) Initial change in amplitude, (C) first phase, (D) | i ] * Investigate the oxidative half reaction to further elucidate the effects of
(uncoupled) S
| pled) — . : : , © ) ) i
6HINA - NADH EQHNA second phase, and (E) third phase of reductive half reaction fit S chlorination on NicC.
NADH HADHODE with hyperbolic equation. (F) has the change in amplitudes for = + Determine NicC activity on substrates that have the chlorine
2 5.DHP / phase 1 (red), phase 2 (green), and phase 3 (blue) fitted. a bstit t at diff { i ¢ derstand h ¢ fion |
E rap ETI « Reaction mechanism was predicted based on the change in = SUDS '_ uenta '_ eren _pOSI I0NS 10 Uhderstand how contormation 1S
; FAD + H,0 amplitude observed in the three phases. ° affecting catalytic activity.
CO, (coupled) g
Figure 3: Simplified kinetic scheme of the reaction mechanism of NicC with 6-HNAL. A =
0 200 0 a0 500 _ N Acknowledgements
c NADH [uM] 0 100 200 300 400 500 600 0 100 200 300 400 500 600
g NADH (uM : :
SN A S . NADH [uhi] - Dr. Faust (College of Wooster) for assistance with LC-
A @ Lo TOF-MS
. i NS <t
Hﬁé H!\H H\N% 8 E 0.20 - F 0.01 e NSF Grant #1817535
” /Eg } = 0.18 i  College of Wooster Copeland Funds
Xe. 0.16 - 0 ] for Senior Independent Study
Figure 4: NicC mechanism for the decarboxylative hydroxylation of 6-HNA to 2,5 DHP1. 8 < ‘ © T
)
0 o 0.14 =
< 8 = -0.01
. ST £ o012 3 References
S
Hypothesis & Research Objectives g
-0.02 | . .

« Can the chlorination of a substrate enhance the catalytic activity of NicC in the _37 o ”m'_?_ S m"'_l il 0 ik 1 T 0.08 1 (1) Nak_amoto, K. _D'; Perkln§, S W'_’ Campbell, R. G'_’ B_auerle, M'_ R.,_GerW|g, T.J
decarboxylative-hydroxylation of 6-HNA analogues? Would this apply to a poor 10 10 10 10 10 | 1 | | . Gerlslloglu, S.; Wesdemlot_ls, C Anderson, M. A.; Hicks, K. A.., Snider, M. J.
substrate? Time (s) 100 200 300 400 500 -0.03 ‘ ‘ ‘ Mechanism of 6-Hydroxynicotinate 3-Monooxygenase, a Flavin-Dependent

NADH [1M] 0 15ONAD3HOO \ 450 600 Decarboxylative Hydroxylase Involved in Bacterial Nicotinic Acid Degradation.

_ — _ s N [uM] Biochemistry 2019, 58 (13), 1751-1763.
Af"m 1. Pete”r?'”el\'lf tgere s pr(z_)dglct Aim 2: Use transient state and steady (2) Hlaing, M. Z. Investigating Substrate Specificity for 6-Hydroxynicotinate 3-
co(l)Jranaallta:toen I\;Vssnwi:(;t igithseocr:)ublir;g state kinetic analysis of NicC’s 4 deadtime of measurement (<1ms) ) Monooxygenase (NicC) with Alternative Substrates: Consequences of Catalysis

_ , . D E Ol | ; . . . . .
extent and catalytic efficiency? | reaction ¥¥|t 5 Cf EOUT\? ate to | | (maybe CTC) y of R_eplacmg or Removing t_he Ring Nitrogen. Senior TheS|s, 2022. o
etermine effects of the chlorination. e k=957 E k,=3.5s + k3=0.11s7" i (3) Redick, J. C. Characterization of Substrate Promiscuity for 6-Hydroxynicotinate 3-
\ J ) on'S"’ NADH K =54 Mon‘S-NADH r —195] 0X°S'NADH 0 Ered‘S‘NAD b0 145! Ered‘S + NAD Monooxygenase: A Transient Kinetic Investigation of the Decarboxylative-
= =19s o~ 3=0.14s . L . . .

Hypothesis: Based on previous data with alternative substrates, chlorination of d— M ! | 2 L . | Hydroxylation of 5-Chloro-6-Hydroxynicotinic Acid. Senior Thesis, 2021.
the substrate would result in higher catalytic efficiency. \_ Phase 1 Phase 2 Phase 3 -




	Slide 1

