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scientific reports

Enzyme modification using
mutation site prediction method

for enhancing the regioselectivity A
of substrate reaction sites =
Jinzen Ikebe’, Munenori Suzuki?, Aya Komori?, Kaito Kobayashi' & Tomoshi Kameda® .

Enzymes with low regioselectivity of substrate reaction sites may produce multiple products from a
single substrate. When a target product is produced industrially using these enzymes, the production
of non-target products (byproducts) causes adverse effects such as increased processing costs for Y —

purification and the amount of raw material. Thus it is required the development of modified enzymes } \ 4 7| % %{i? M S P E R A |
to reduce the amount of byproducts’ production. In this paper, we report a method called mutation n

site prediction for enhancing the regioselectivity of substrate reaction sites (MSPER). MSPER takes
conformational data for docking poses of an enzyme and a substrate as input and automatically
generates a ranked list of mutation sites to destabilize docking poses for byproducts while
maintaining those for target products in silico. We applied MSPER to the enzyme cytochrome P450
CYP102A1 (BM3) and the two substrates to enhance the regioselectivity for four target products with
different reaction sites. The 13 of the total 14 top-ranked mutation sites predicted by MSPER for the
four target products succeeded in selectively enhancing the regioselectivity up to 6.4-fold. The results

s b ot adaar e et e g Mutation Site Prediction method for Enhancing
the Regioselectivity of substrate reaction sites

J. lkebe, M. Suzuki, A. Komori, K. Kobayashi, and T. Kameda (MSPER)
Sci. Rep. (2021) 11:19004 a2 AIST
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Residue Ranking S« ranking Ser
name _average 1 2 1 2
A330 1.5 1 2 0.806  0.855

L75 25 4 1 0492  1.266
P329 3.5 3 4 0.508  0.654
L437 3.5 2 5 0.599  0.640

A74 4.0 5 3 0.460 0.667
A328 7.0 8 6 0.145  0.588
M354 7.5 7 8 0.156  0.323

§72 8.5 10 7 0.086  0.381
F331 9.5 9 10 0.091  0.050
S332 10.0 11 9 0.031  0.073
T436 13.0 12 14 0.007  0.001

K69 13.5 15 12 0.001  0.006
G83 16.0 18 14 0.000  0.001
1259 16.0 18 14 0.000  0.001
M177 16.0 18 14 0.000  0.001
V26 16.0 18 14 0.000  0.001
L188 16.5 14 19 0.002  0.000
G265 17.0 15 19 0.001  0.000
1357 17.0 15 19 0.001  0.000
M185  224.0 6 442 0.173  -0.574
A82 225.0 439 11 -0.009  0.034
T88 226.5 13 440 0.004 -0.040
H266  227.5 18 437 0.000  -0.001
T268  228.0 443 13 -0.184  0.005
F81 438.5 438 439 -0.007  -0.035
T327 4395 441 438 -0.036  -0.023
E267  442.0 440 444 -0.025 -0.794

T438 4425 442 443 -0.152  -0.700
V78 443.5 446 441 -1.035 -0.437
L181 4450 445 445 -0.431  -0.867
A264 4455 444 447 -0.410 -1.147
T260  447.0 448 446 -1.246  -0.954
263  447.5 447 448 -1.156 -2.268
F87 449.0 449 449 -1.592  -3.286
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Sample | S, ranking average | 12 (%)

WT 9.8+0.1
A330P 1.5 16.1+0.1
L75F 2.5 13.3+£0.4
P329L 3.5 225%+03
L437F 35 247 +0.2
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Synthesis of gene fragments

MSPER S Y F >0 @ _EAidkfii

Residue Ranking 5., raniing Su
name _average 1 2 1 2
A 15 1 2 0806 0885
2 s 25 4 1 04 1268 Machine learning
P29 35 3 4 0508 0654
! f uy7 38 2 5 0509 0640
AT4 40 5 3 0460 0667 ’
7 N A28 70 8 8 0.145 0588 (/v N
M54 75 7 8 0156 0323 a3
sz 85 0 7 0086 0381 p—
Fayt 95 9 10 0091 0080 \/ Colony formation
s32 100 1 9 0001 0073
( Mo 135 s 2 oo oos Analysis i
~ G83 160 ® 14 0000 0001 Sequence
7 \ 25 160 18 14 0000 0.001 Expressed amount
W77 160 18 14 0000 0001 o
o Vs 160 18 14 0000 0001
2 L1816 4 19 0002 0,000
4 G265 170 15 19 0001 0000
Bs7 170 15 19 0001 0000
> - MBS 2240 6 442 0173 0574
A2 2250 439 1 0009 0034
Tes 2265 13 40 0004 0040
W66 2275 18 4% 0000 -0.001

! A4 4455 444 447 0410 1147
TH0 4470 448 M6 1246 0S54
63 4475 447 448 1156 2268
314 4490 449 449 1562 3286
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