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Supporting Discussion

Derivation explaining observed kinetic isotope effects for Pncl DSIN. For Pncl D51N, both the "N
and "°C KIE are ~0.5% compared to ~1.25% for those of Pncl WT (Table 3). We believe this is due to an
increase in one of the back reaction off rates. A truncated derivation demonstrating how this is possible is
shown below. The entire reaction is described by equation S1.
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The KIE are on V/K which includes all steps up through and including the first irreversible step where k;
is substrate binding, k, is substrate dissociation, k; is the formation of the tetrahedral intermediate, k4 is
the breakdown of the tetrahedral intermediate to reform nicotinamide, and ks is the isotope sensitive

irreversible step (C—N bond cleavage and the loss of NH;). V/K is expressed by:
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However when the kinetic data are examined we see the k., and k.,/K,, values have decreased compared
to the wild-type enzyme. This is due to a decrease in binding of nicotinamide in the DS1N mutant which
leads to an increase in k, and a decrease in k;. As such ks/k, would tend to be very small and can be

ignored. Then using the "N KIE notation the equation becomes:
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where (Ej is the measured KIE and 15k5 is the intrinsic KIE. (E] is defined as

1SkS +Cf + 3 Keq
1+Cr +Ce

where C; and C; are forward and reverse commitments to catalysis and 15 K4 is the 5N




equilibrium isotope effect. In this reaction there is no reverse commitment since the C-N bond cleavage is

irreversible and thus C, and 15Keq can be disregarded and:

K _ ks+Cr (S4)
K 1+C

For this example, an intrinsic isotope effect of 3% will be assumed and then for wild type and DS1N we

have:
1.0122+0.0002 = [MJ, and Cr..=1.50+0.04
1+ Crut (S5)
1.0045 +0.0006 = (%j and Crsx = 5.50+0.82 (S6)
+ Ctosin

k:
Equation 12 shows that C; = E and so the C; values are (—Sj ~1.5and E ~5.5
k 4 ka WT k4 Mut

These values show that the reaction partitions forward faster in the D51N mutant, resulting in a smaller
KIE. The mechanism of this partitioning is unknown but indicates that ks (loss of NHj3) has increased or

that breakdown of the tetrahedral intermediate (k4) has decreased.



Table S1. Primers used in Pncl mutagenesis.

Pncl mutant

Primers

D8A

5’ -CGAGATGAAGACTTTAATTGTITGTTGCTATGCAAAATGATTTTATTTCACC-3"
5’ -GGTGAAATAAAATCATTTTGCATAGCAACAACAATTAAAGTCTTCATCTCG-3'

D8N 5’ -CGAGATGAAGACTTTAATTGTTGTTAATATGCAAAATGATTTITATTITCACC-3"’
5’'-GGTGAAATAAAATCATTTTGCATATTAACAACAATTAAAGTCTTICATCICG-3"’

DSE 5’ -CGAGATGAAGACTTTAATTGTITGTTGAGATGCAAAATGATTTTATTTCACC-3'
5’'-GGTGAAATAAAATCATTTTGCATCTCAACAACAATTAAAGTCTTICATCTCG-3'

D51A 5’ -GTGGTCACCAGAGCTTGGCACCCTTCC-3"
5’ -GGAAGGGTGCCAAGCTCTGGTGACCAC-3’

D5IN 5’-GTGGTCACCAGAAATTGGCACCCTTCC-3"
5’ -GGAAGGGTGCCAATTTCTGGTGACCAC-3’

H53A 57’ -GGTCACCAGAGATTGGGCCCCTTCCAGAC-3"
5’-GTCTGGAAGGGGCCCAATCTCTGGTGACC-3’

H94A 5’-TGTGGCCCGTAGCCTGTGTGAAAAACACC-3"’
5’'-GGTIGTTTTTCACACAGGCTACGGGCCACA-3"’

K122A 5’ -GATTGTCGACGCGGGTTTCTITGACTGACC-3"’
5’ -GGTCAGTCAAGAAACCCGCGTCGACAATC-3"’

K122R 5’ -GATTGTCGACAGGGGTTTCTTGACTGACC-3"
5’'-GGTCAGTCAAGAAACCCCTGTCGACAATC-3’

Cl167A 5’ -AGCTTTGGAGTATGCTGTCAAAGCCACCG-3"

5’'-CGGTGGCTTTGACAGCATACTCCAAAGCT-3’
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Figure S1. Double-reciprocal inhibition plots. Initial rates were determined as described under
Experimental Procedures. (left) Nicotinic acid exhibits competitive inhibition toward nicotinamide
during the Pncl-catalyzed reaction. The following nicotinic acid concentrations were used: 0 (@), 200
(W), 400 (@), 800 (¢), and 1200 uM (#). (right) Nicotinaldehyde exhibits competitive inhibition toward
nicotinamide during the Pncl-catalyzed reaction. The following nicotinaldehyde concentrations were
used: 0 (@), 1 (W), 2 (@), 4 (¢), and 6 uM (#). Data were fit to competitive inhibition models using

KinetAsyst as described in Experimental Procedures. All reactions were performed at pH 7.5.
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P. horikoshii PH999 MPEEALIVVDMQRDFMP- GGA20
M. tuberculosis PncA MRALIIVDVQNDFCE- GGS18

1
* = active-sit !
= active-site S. pneumoniae PncA 1 MTKALISIDYTEDFEVADSGK 20
1
1

¢ = aromatic cage

T = nicotinamide access tunnel
zn = Zine ligation

& = oxyanion hole

} = mutated in this study

A. baumannii PncA MKMNKQPQNSALVVVDVONGFTP- GGN26

S. cerevisiae Pnc1 MKTLIVVDMQNDEFISPLGS19
C.elegansPncilb 65 LSRLRSLRVALLVVBFQNDFVD--GS88
C.elegansPnc2 56 VLKPFTTLRTSLLVVBDFQNDFVT- - GS80
C.elegansPncla 84 VLSRLRSLRVALLVVDFQNDFVD- - GS108

D. melanogaster Naam 88 WI KT IVRPVNAFLIVBVQNDEIS--GS112

T Zn Zn T
P. horikoshiiPH999 21 LPVPEGDK- - - - - - Il TPKVNEY I RKFKEKGALIVATR PENHISFRE-------- 63
M. tuberculosis PncA 19 LAVTGGAA- - - - - - LARAI SDYLAEAADY- HHVVATKBFHIDPGDHFSGTP- - - - - - 62
S. pneumoniae PncA 21 LTAGAPAQ- - - - - AISDAISKVTRLAFERGDY I FFTIBAHEENDCFHPE- - - - - - - - 64
A. baumanniiPncA 27 LAVADADT- - - - - - I''PTINQLAGCFEN----VVLTQBWHPDNHISFAANHPGKQP F73
S. cerevisiae Pnct 20 LTVPKGEE- - - - - - LINPISDLMQDADRDWHRIVVTRBWHP SRHISFAKNHKDKEPY 70
C. elegansPncib 89 LK1 GDGDAGQEPSSAITPLNELLQLSSWD--LVVYTK PHNHISFLSQAHNSDRV 143
C.elegansPnc2 81 LSIKEGDAEQDPLEALPHVNNLLENLNWN--MIVYTQBWHP SNHISFFEHARNPDRE135
C. elegansPncla 109 LK | GDGDAGQEPSSAITPLNELLQLSSWD-- LVVYTKBWHPHNHISFLSQAHNSDRV 163
D. melanogaster Naam 113 LD | SNCSAQQQGHE I LEP INKLLDTVDFD-- AVFYSLBDWHP SDHVSFIDNVKMRPMD 167
ok
P. horikoshii PHO99 64 - - - - - - - - -« - - - - oo . RGGPWPRHCVQNTPGAEFVVDLPEDAV- - - - - 191
M. tuberculosis PNCA 63 = - = = = = = = -« o oo o e oo oo e o DYSSSWPPHCVSGTPGADFHPSLDTSAIE--- AV93
S. pneumoniae PncA 65 - - - - - - - - - - - - - - - - oo - oo oo SKLFPPHNLIGTSGRNLYGDLGIFYQEHG- - 594
A. baumanniiPncA 74 ETIELDYG- - -------------- SQVLWPKHC IQGTHDAEFHPDLNIPTAQ---LI 1M
S. cerevisiazePnc1 71 STYTYHSPRP- - - - - - - - GDDSTQEGI| LWPVHCVKNTWGSQLVDQIMDQVVTKHIKI 119
C. elegansPnclb 144 MDEKDENKTLGFFDSVQFLKP IKTEQVLYPDHC IQKSWGSDIHPEIY | ADNA--- EY 197
C.elegansPnc2 136 LAPEDKSRKLRPFDIVRFVKPVSTIQVLYPSHCIQGGWGSQLHLGLQRIDGA---HY 189
C. elegansPncla 164 MDEKDENKTLGFFDSVQFLKP IKTEQVLYPDHC IQKSWGSDIHPEIY | ADNA--- EY 217
D. melanogaster Naam 168 ESSALDSDSAKVFDTVIFAGPPPMKQRLWPRHCVQDSWGAELHKDLKVVDHG- - - | K221
i * . ¢§
P. horikoshiiPH999 92 | SKATEPDKEA GE------ EGTDLAKILRGNGVKRVY I CGVATEYCVRATALDAL142
M. tuberculosis PncA 94 FYIGAYTG— - A GFEGVD- ENGTPLLNWLRQRGVDEVDVVGIATDHCVRQT AEDAV 147
S. pneumoniae PncA 95 DSRV FWMDKRH AlFS------ GTDLDIRLRERRVSTVILTGVLTDICVLHFAIDAY 145

A. baumanniiPncA 112 IREIGFHAHIDS AFMEADHTTMTGLTGYLKERGIDTVYVVGIATDFCVAWEALDAV 168

S. cerevisiae Pnc1 120 VDKIGF LTDREY AFHDIWNFHKTDMNKYLEKHHTDEVY IVGVALEYCVKATFAISAA176

C. elegans Pnc1b 198 IMIGVDPY LDS AFNDNNGRSKTELEDLLRRENIDAVVIAGLAYDICVRFECLDAV 254

C. elegans Pnc2 190 | KIIGADVYVDA AFSDNCGIKQSELEMLLRKNDINAVIGCGLAYDICVMHELKDA S 246

C. elegans Pnc1a 218 |MKRIGVDPYLDS AFNDNNGRSKTELEDLLRRENIDAVVIAGLAYDICVRFECLDAV 274

D. melanogaster Naam 222 VYKIGTNPEVDS VIEWDNKKLSDTTLNAQLKMKGATDIYVCGLAYDVCVGARAVDAL?278
T

P. horikoshiiPH999 143 KHGFEVY LLRDAVKGIK- - PEDEERALEEMKSRGIKIVQF- - - - - -« - -~ 180
M. tuberculosis PncA 148 RNGLATRVLVDLTAGVS- - ADTTVAALEEMRTASVELVCSS- - - - - v mmm o e o om- 186
S. pneumoniae PncA 146 NLGYDIEIVKPAVASIW- - PENHQFALGHFKNTLGAKLVDENLNELSE--------- 191
A. baumannii PncA 169 KQGFKTLV I EDACKGID- LNGSLEQAWQTMQQQGVVRIQSTDLLNEC- ---=------ 214
S. cerevisiae Pnc1 177 ELGYKTTVLLDYTRP I|SDDPEV INKVKEELKAHNINVVDK- - - - - -« ---oo - 216

C. elegansPnc1b 255 KQNFLAAVIPECSAGLT- - KKGIEESEMAFKKQGVAMISKDEARGITEGGFLPREWV309
C. elegansPnc2 247 KHGFLTCIVKSGSKGLS- - SLKMDEANKMFQKRGVAIIDDEMAQLISRREAFP I EWI 301
C. elegansPncla 275 KQNFLAAVIPECSAGLT- - KKGIEESEMAFKKQGVAMISKDEARGITEGGFLPREWYV329
D. melanogaster Naam 279 SAGYRT ILIDDCCRGTD--VHDIEHTKEKVNTSDGVIVHTNQVKAMAEGRDRRP ELG333

Figure S2. Multiple-sequence alignment of the nicotinamidases for which structures have been solved
from Pyrococcus horikoshii (PDB entries 1ILW and 1IMS5), Mycobacterium tuberculosis (PDB entry
3PL1), Streptococcus pneumoniae (PDB entries 3090, 3091, 3092, 3093, and 3094), Acinetobacter
baumannii (PDB entries 2WT9 and 2WTA), and Saccharomyces cerevisiae (PDB entry 2HOR and this
work). Eukaryotic nicotinamidases from Caenorhabditis elegans and Drosophila melanogaster are also

shown for comparison. The alignment was generated using ClustalW (59).



