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Figure 12. Hypothesized NADH binding site
in NicC. The FAD coenzyme is still in its “in”
position in this figure, and thus is not exact

“ i Stoichiometric Determination for Effect of Each Variant on Catalysis as a Function of 6-HNA
Degree of Uncoupling in Each Variant Concentration

OH NicE oH NicF OH NicC in how NADH would bind. However, this
- - > - - T i i . ) ’
Hoﬁ B — ¢OH B — ¢NH2 6 HNz;‘x+ NADH 2,5-DHP + NAD Table 2. R278E constants as a function of 6-HNA Conclusions figure shows how the NADH molecule may
Fumaric acid Maleic acid Maleamic acid = \l// = \I& . _ . . 6—HNA W273 (ye”ow)
i - ~ofinic acid i - 2 NH A NH Figure 9. The reduction and KS~HNA 270 +/- 30 uM 2.3x Increase R278E shows a small 2-fold increase in Ky
Figure 1. Degradation pathway of nicotinic acid in Pseudomonas putida. N N gd i ' £ the flavi M ' « Given this is a drastic mutation, it is unlikely that R278 has
N 0 S‘NAD(P)H 0O oxiaation o e Tlavin 394 +/-0.10 5! No difference _ T
Characteristics Of N iCC Oxidized Flavin Ternary complex coenzyme in NicC. kcat . . any role in 6-HNA b|nd|ng.
Uncoupling results when H,0, koqr/KSHNA 1.5 X 104 M-1s-! 2 8x decrease
PO '\T 1O, l\ xapey  Is released from the C4a- — |
» 6-hydroxynicotinate 3-monooxygenase (NicC) catalyzes this reaction using the oxidation hydroperoxyflavin instead of Table 3. W273Y constants as a function of 6-HNA . This hypothesis is supported by a recent crystal structure of a substrate analog of 6-
of NADH to NAD*. NicC is a unique class A flavin monooxygenase (FMO), indicating . R o hydroxylating the substrate. . W273Y has a 14-fold increase in k6~HNA HNA bound in the active site of the H47Q NicC variant.2
that it catalyzes the hydroxylation of an aromatic substrate using a catalytic FAD N_. _N__O N NYO L . A « Those authors noticed that R184 was disordered in structure but would be in
coenzyme. :@ oY P Ky =14 1700 +/- 320 uM 14.4x Increase * Thisis a conservative substitution; itis likely that W273 position to interact with carboxylate group on carbon 3, although bound substrate
6-hydroxynicotinic acid (6-HNA) 2,5 — dihydroxypyridine (2,5-DHP) NS ) N I 1 has a role_ in 6-|'_|NA binding in N'Cp- o was missing this group.
O b H © Redced Flavi Table 1. Uncoupling Kear 9.4 +/-0.9s 1.9x Increase * Increase in k¢4 likely due to experimental error fitting data

O H C4a-hydroxyflavin

. . . O
NicC = o percentages for each variant k. JK,E~HNA 55 % 10° M-lg! 7 6x Decrease to Michaelis-Menten Equation. o Figure 13. Difference between NicC substrate (6-HNA)
~ | OH / \,» | /T i/ | N O /@ and substrate bound in crystal structure (2-MP). Notably
FAD Y O” N i _ ~
0, HO” N HS” N

Table 4. R184K constants as a function of 6-HNA absent is the carboxyl group on 2-MP which is

R | . . .
NADH NAD* N N0 N N0 WY 31 o HNA 10004/ 2 en - R184K displays a 16-fold increase in K5 N4 6-HNA 2-MP
_ H _ H20 | ;@[ :RTNH < j@:NL(NH R278E 42.5 K 200+/-290 uM 0.Ix Increase « Like W273Y, this is a conservative substitution.
Figure 2. Decarboxylative hydroxylation reaction of 6-HNA to 2,5-DHP catalyzed by NicC. q iffe 5 H HO 5 R184K 83.4 Ko 0.56 +/- 0.03 5! 8.9x Decrease  Suggests that R184 has a role in binding 6-HNA. « This hypothesis is further strengthened by examining the FAD conformation change in a
HO s % well-studied class A FMO (PHBH) compared to NicC.

« Class A FMOs also have a flavin conformation change upon substrate binding from Cda-hydroperoxyflavin Cdacperoxyfiavin k.. /KS~HNA 3.0 % 102 M-1s-! 140x Decrease
buried within the enzyme (“in”) to a 90° turn to be more accessible for reduction (“out”). ca M '

LI Figure 14. Left: Flavin conformation dynamics from

 This flavin conformation change is not well understood in NicC. E d f S b ‘t t I h . bt b 6 H NA . V . t R1 84K d W273Y ) “in” (red) to "out” (yellow) in PHBH.3 Right: Flavin

Vi enCe Or u S ra e NNIDI |On y = IN arlan S an o ‘in” position for NicC. If this flavin were to make the

same move as in PHBH, it would move toward
: ey : : : R184 (cyan) and W273 (yellow).
Oversaturated 6-HNA Concentration Decreases Initial Rate for Saturating W273Y in 6-HNA Leads to Increase in K}4PH (cyan) (yellow)
R184K
250 N . g ) Figure 10. Same plot shown including Table 5. Unsaturated 6-HNA levels in W73Y lead to a decrease in Kj4PH
/ . _ . . .
200 // X 200 . . hlghgr 0 H.N:A\ Concentratlo.ns n B. A) it Kinetic Constant Result Comparison to WT Comparison to Saturated F u tu re Resea rCh
. to Michaelis-Menten equation. B) Fit to 6-FINA (7500 M)
. ,/ 0 . . uncompetitive inhibition equation. Higher —
d / ' Z 150 concentration of 6-HNA decrease initial K 14 +/-3 uM 2x Increase 11x Decrease
Figure 3. A) Full structure of PpNicC with flavin coenzyme shown in the flavin-binding site. 5 100 / 3 ':;eAiD Tﬁ“ when a%prﬁ)ching K; of 6- V/E — compare to k., 0.50 +/- 0.03 s°! 10x Decrease 10x Decrease « Use stopped-flow transient state kinetics to determine the effects of
.y . . . y = M mO/(m2+mo+(m0"2)m3) IN enzyme mivi). I - 1ati
B) Secondary binding tunnel in NicC. % Tl e 0 o] A . (V/E)KpAPH (3.6 +/-0.2) X 104 M-'s!  17x Decrease No Effect variants R184K and W273Y on the actual dissociation constant (K,)
» The binding mechanism of NicC was recently elucidated.! The organic substrate 6-HNA | snes |k | == = < Likely indicates that 6-HNA acts as its f - f 6-HNA and NADH
e - Y | y ] o 50 = own inhibitor at high concentrations. - Saturating W273Y in 6-HNA leads to about a 10-fold increase in K.y4PH as a function of 6- an
binds first to the enzyme, creating a stronger affinity of the enzyme-substrate complex 00 2000 4000 6000 8000 0 2000 4000 6000 8000 110° 12 1° Ating _ : | M o . Confirm the sequential bindina mechanism of WT PoNicC is
for NADH. [6-HNA] (uM) 6-HNA (M) * Likely due to higher 6-HNA concentrations blocking access to FAD coenzyme in NicC. _ _ _ q _ g P
« This is unique to NicC as other class A FMOs increase the rate of the reduction maintained in the variants

reaction upon organic substrate binding. Variants R2/78E and W2/73Y Have R184K Has a Drastic Impact on NADH Binding with No + Determine if the CTC is formed in the R184K variant to allow for the

. ' for the f ti fach -t f | TC) th int where th .
This allows for the formation of a charge-transfer complex (CTC) the point where the reduction between NADH and EAD

FAD and NADH are aligned just before the hydride transfer of the reduction reaction. Mod est I m paC‘t On NAD H B|nd | ng Eﬂ:eCt |n Catalytlc Tu rn Over

A No 6-HNA

Eox  Ka L3 Kaa ksa Erea Table 6. R278E displays a 7-fold increase and W273Y has a 19-fold increase in K}4PH

" T "EorNADH === EoNADH = E.sNAD <= * . Figure 4. 6-HNA binding is - - ot .
NADH %34 k.35 k.44 ks« NAD esgsential tor the develogment compared to WT NicC. Neither variant influenced catalytic turnover. Table 7. R184K has a KY4PH value that is almost 300-fold greater than that of ACkn OWIedgementS

B 6.HNA of the CTC in NicC. T Nio while displaying no effectin the catalytic tumover
s k€O ke EngS K NADH 57 +/- 15 uM 7x Increase 2000 RIS4K Comparison to WT . Katherine Hicks (SUNY Cortland) for crystal structure of NicC

+ == E,S'NADH == E, s S'NAD =— +

NADH k. kg ks NAD Kea 3.44 +/- 0.26 s°! No Effect & 1500 K, VADH 2300 +/- 430 pM 284x Increase . \l;lVSth Grantva\h}f_1”§31 75335 | S ot
. . . k,q/KiyAPH (6.0 +/-0.2) x 104 M-!st  10.3x Decrease E r 456 4/- 0.58 1 No Effect * Iitmaore-vvillilams ocience scholarsnip
Hypothesis & Research Objectives SOkl
& kca/an;VADH (2.0 +/-0.2) X 103 M-1s'!  310x Decrease Refe re n CeS

y = m1*x/(m2+x)

b FAD blndlng Slte? Trp 273 KIJIVADH 150 +/- 20 HM 18.5x Increase 500 Value | Error
%/Q
A =

Where is the NADH Binding Site in NicC? j\/

e 1. Perkins, S. W., Hlaing, M. Z., Hicks, K. A., Rajakovich, L. J., and Snider, M. J. (2023)

« Secondary binding tunnel? N : - . .
ko 4.80 +/- 0.3 s°! No Effect L B LR . . . . T
0 “ ° e AR R184K significantly impeded the ability of NADH to bind to NicC but Mechanism of the Multistep Catalytic Cycle of 6-Hydroxynicotinate 3-Monooxygenase

Residues of Interest:

A Arg 184 ® NN llowed th tion t d at | rate.

* Arg184 - FAD Binding Site 9 HN A - (')H \\‘m)LNHz Figure 5 Keae/ Kit 4P7 (3.2+4/-0.1) X 10* M-'st 19x Decrease %0 2000 4000 6000 8000 110° Alowed Ine Teaction 1o proceed at a norma Revealed by Global Kinetic Analysis. Biochemistry. 62, 1553—-1567
* Trp273 — FAD Binding Site e, 270N N y - : : - " o : NADH (uM 2. Turlington, Z. R., Vaz Ferreira de Macedo, S., Perry, K., Belsky, S. L., Faust, J. A., Snider

. 2 0 Hypothesized  Given the drastic residue substitution of a positively charged arginine to glutamate in (uM) _ . ; ’ . > = A SR !

Arg278 — Exterior of enzyme QJJ NADH  residue R278E, it is unlikely the residue has a role in NADH binding as the 7-fold increase is Fiaure 11. Plot of initial rates of the These data suggest that residue R184 is M. J., and Hicks, K. A. (2024) Ligand bound structure of a 6-hydroxynicotinic acid
Variants to Be Tested: 0 1o ‘o interactions not that large for a disruptive substitution. ac?ivity of .R184K it 16 the Michaelis 3-monooxygenase provides mechanistic insights. Arch. Biochem. Biophys. 752, 109859
. R184K o N NH, with NADH. * The more conservative W273Y variant had a large impact on NADH binding, Menten Equation Ilkely d key residue in NADH blndlng by 3. Westphal, A. H., Tischler, D., Heinke, F., Hofmann, S., Groning, J. A. D, Labudde, D., and
« W273Y 9 NH, om0 ¢ SN increasing K4PH 19-fold compared to WT NicC. It is likely that this residue has some ' . van Berkel, W. J. H. (2018) Pyridine Nucleotide Coenzyme Specificity of p-Hydroxybenzoate
« R278E HN;E\N__________@(') o N N/) role in NADH binding. NICC. Hydroxylase and_ Re!ated Flayoprotein Monoo.xygenases. Front. Microbiol. [online]
:E_ﬂ ® + Neither variant influenced k.., which indicates they did not impact the catalytic https://www.frontiersin.org/articles/10.3389/fmicb.2018.03050 (Accessed November 15, 2023)
HO  OH turnover.




