Structural and Kinetic Evidence of Maleamate
Amidohydrolase (NicF) in the Bacillus niacini
Nicotinic Acid Catabolic Pathway
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N-heterocyclic aromatic compounds (NHACSs) are pervasive
environmental pollutants

* Pesticides, herbicides, coal gasification sites
* Toxic, carcinogenic, mutagenic
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Microorganisms can be utilized to breakdown NHAC pollutants

O
* Organism: Bacillus niacini - "L"EIH
* Nicotinic acid metabolic operon |; |
H.—'
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My research questions:

TRV GOLNC RHE GREARRITAMGdpactear In Bacillus niacini

2. What is the overall nicotinic acid catabolic pathway in B. niacini?
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Bacillus niacini putative NicF exhibits 38% sequence identity with
Bordetella bronchiseptica NicF

BONiCF - - = = = = = - - MGNBLGS ERQI lAALP KAPYG Ll FVNGBIEADPAQFGGGN | AA 47
BnNicFM | R IWDNYLDERBKKV¥QGA KPTGIGKKPARV ik —— EN 50
%mwAulTT TVLAAARIRG.'VAHSRIVYA--D ---------------------- DDAD 79
BnNick | E KYPTSCG AIEHIKLLLHAARKAELPIFFTIIEGSKSSSNDRVAIK 106

BbNicFI.IS I KVPGMLT K HAPASAINPQ AllA.YIV TI.IYIIMIAA AQR 135
BnNicF @GN H - - - - - GEKGTQVNMEEEK Y IMIS K F PEVSYETAQ 157
BbNicFGlQIL l IA l.IV.MIAGF LSDIIG LGP EA."R 191
BnNicF QMDIEV | NNY VV A =F | ASHA | Q 213

BbNicFlA MTH ALAKTKGLE 208
BnNicF VPV LIKELY - - - 227

Kincaid, V. et al. 2012. Biochemistry. 51, 545-554.



Structural analysis indicates that BnNicF contains a conserved catalytic triad
and nucleophilic cysteine

P. putida B. niacini B. bronchiseptica

Hypothesis: BnNicF catalyzes the hydrolytic deamidation of maleamic acid to maleic acid
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Kincaid, V. et al. 2012. Biochemistry. 51, 545-554.



The nicF gene was amplified via PCR and ligated into the pTHT

vector
nicF

L P1 P2 P3 P4 Bn nicF in pTHT vector




BnNicF was sequenced and subsequently purified by Ni%* affinity chromatography

B. niacini NicF 1
T7 Forward 1
B. niacini NicF 51
T7 Forward 51
B. niacini NicF 101
T7 Forward 101
B. niacini NicF 151
T7 Forward 151
B. niacini NicF 201

T7 Forward 201

6X-His tag
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'H-NMR demonstrates that BnNicF catalyzes the hydrolytic
deamidation of maleamic acid to maleic acid
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A linked-enzyme assay is utilized to determine the NicF kinetic
parameters

H,N_ _O

MNick
N-"S0H / \ OH
maleamic acid maleic acid

H,0 NH,*

D-WJ\D- + NADH ;L. D-ﬂ\/\l)Lo- + NAD" + Hy0*
GDH
0 NH,

alpha-ketoglutarate glutamate



UV-Vis spectrophotometry was used to define physiologically
relevant steady-state kinetic parameters

Absorbance (340 nm)
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Kincaid, V. et al. 2012. Biochemistry. 51, 545-554.



ITC was used to validate steady-state kinetic parameters obtained by UV-Vis
and to reduce error between independent experiments

Pl=akaes]

Rate (uM/s)

o
)

AH

rate =

n FALEE

diP]

dt

& K
Tt S|

1

ANE

THEN 12000

_ t=0 dQ(1)
app [SITotal*V ~“t=0 dt

dt

dQ

- (VAI;app> (

dt

)

VmaX X [S]
Km+[S]

Rate =

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

[MAA] (mM)
Technique Ky (UM) Ko (s') KK (M)
(UV-Vis) 150+B0 26+11  (1.9+0.8) x 10°
(ITC) 100+£20 13+2 (1.3 +0.3) x 10°

Kincaid, V. et al. 2012. Biochemistry. 51, 545-554.



The B. niacini nic operon encodes an enzyme with 59%
sequence identity with B. bronchiseptica Nick

PpNicEMGS SHHHHHHSSGLVPRGSHMVEAMKVVRVEGQ I T LLKA LVA 57
BnNicERAIAIC I R MKKEYRLGL T K MEL S QlE 34
PpNicE - ER K R GD VBVMG MGH 113
BnNicEQET M K TA CBALA QGP 91
PpNicE RVSAE RNVTENNDAATPIIT D R G R A" E 170
BnNicE CISED SAIAKENGTAVRVVS E N E K L K 148
PpNicE RHE GDYRA [ AMAAH M PGIEIASMRTDDV 1M1 P 227
BnNicE EST TDS IS EMGKL L INBHMVDNLN I SNA VML Q 205
PpNicE N TMMEAQTRK I VATTWAMLTALDIEPTR GGGT GAYLEHHHHHH 281
BnNicE P QKMQDKINL L TSHMVYKLEKEEKLENP I NAGY RGM-------- 251

Red = P. putida NicE; Blue = B. niacini NicE

Chen, D. et al. 2013. Molecular Microbiology. 87, 1237-1244.



The proposed B. niacini NA catabolic pathway contains metabolites
Black = shared found in A. nidulans and B. bronchiseptica

Green = Pseudomonas
Red = unique
Blue = Aspergillus
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LC-QTOF-MS can be used to identify other intermediates of NA
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Structural analysis indicates that homotetrameric BnNicF contains a

conserved catalytic triad and non-proline cis-peptide bond
P. putida




The AH,pparent Of the BnNicF catalyzed hydrolytic deamidation in different
buffers suggests that the mechanism involves proton buffer-exchange
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BnNicF catalysis likely follows a nucleophilic addition-elimination sequence
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