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Table S1. Bacterial strains and plasmids used in this study

Strains Characteristics Sources
E. coli DH5a F- ®80d/lacZAM15, A(lacZYA-argF) U169, recA1, Tsingke,
endA1, hsdR17 (rK-, mK* ), phoA, supE44, \-, thi-1, China
gyrA96, relA1
E. coliw3110 Escherichia coli subsp. W3110 Laborator
y stored
B. subtilis Bacillus subtilis subsp. 168 Laborator
y stored
C. glutamicum Corynebacterium glutamicum subsp. ATCC 13032 Laborator
y stored
P. putida Pseudomonas putida subsp. KT2400 Laborator
y stored
P. aeruginosa Pseudomonas aeruginosa subsp. PAO1 Laborator
y stored
DPA11A E.coli W3110 Trc-Ipd-panE-panB-ilvC Laborator
IAavtAAilvVAAgIk/ilvG?/ilvEP/coaAc/ilvA* y stored
DPN1 DPA11A ApanC This study
DPNO-2 DPA11A ApoxB This study
DPNO-3 DPA11A AppsA This study
DPNO0-4 DPA11A AldhA This study
DPNO-5 DPA11A ApfiB This study
DPNO-6 DPA11A AyfbQ This study
DPNO-7 DPA11A AaroG This study
DPN2 DPA11A ApanC ApoxB This study
DPN3 DPA11AApanC ApoxB AyfbQ This study
DPN4 DPA11AApanC ApoxB AyfbQ ApfiB This study
DPN5 DPA11AApanC ApoxB AyfbQ ApfiB AppsA This study
DPN6 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
DPN7 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
AfumB::als SB-subtilis )y C-jlvD
DPN8 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
AfumB:.alsSB-subtilis-jly C-jlvDAyjhE:: als SB-subtilis
DPN8-1 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
AfumB:.alsSB-subtilis-jly C-jlvDAyjhE:: als SB-subtilis
ArpnD::alsSB-subtiis
DPN8-2 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
AfumB::alsSB-subtiis_jlyC-jlvD AyjhE::alsSE-subtls AtdeD-
tdcE:: SerAB.subtilis_egABAsubtilis
DPN9 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study
AfumB:.alsSB-subtilis-jlyC-jlvDAyjhE::als SB-subtilisArpnD::
panBC- glutamicum
DPN10 DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA This study

AfumB:.alsSB-subtilis-jlyC-jlvDAyjhE::als SB-subtilisArpnD::




DPN11

DPN12

DPN12-1

DPN12-2

DPN12-3

DPN12-4

DPN12-5

DPN13

DPN13-1

DPN13-2

DPN13-3

panBC- glutamicum AppsA::panBC- glutamicum
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jly C-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
AyjiT::panBB-subtils
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
AyjiT::panBBsubtiis\yeiG::zwf
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gltamicum A yde U:: panBB-subtilis
AyjiT::panBBsubtilis AyeiG::gnd
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSB-subtilis_jly C-jlvDAyjhE::als SB-subtilis ArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
AyjiT::panBBsubtilis AyeiG::pntAB
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB: :alsSB-subtilis_jly C-jlvDAyjhE::als SB-subtilis ArpnD::
panBC-glutamicum AppsA:: panBC-glutamicum Ay de:: panBB-subtilis
AyjiT::panBB-subtilisp\yahk
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
AyjiT::panBB-subtilis Astha
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSE-subtilis_jly C-jlvDAyjhE::als SB-subtilis ArpnD::
panBC-glutamicum AppsA:: panBC-gutamicum Ay de:: panBB-subtilis
AyjiT::panBB-subtiis\pgi
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-gutamicum AppsA:: panBC-gutamicum Ny de:: panBB-subtilis
AyjiT::panBBsubtilispApgi AyeiG::zwf
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jly C-jlvDAyjhE::als SB-subtilisArpnD::
panBC-dutamicum\pnsA::panBC-gtamicum A yde U:: panBB-subtils
AyjiT::panBB-subliisApgi AyeiG::gnd
DPA11AApanC ApoxB AyfbQ ApfiB AppsA AldhA
AfumB::alsSBsubtilis_jlyC-jlvDAyjhE::alsSB-subtilisArpnD::
panBC-glutamicum\ppsA::panBC-gtamicum A yde U:: panBB-subtilis
AyjiT::panBBsubtiishpgi AyeiG::pntAB

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study




Plasmids Characteristics Sources
pCas Laborator
epA101 (Ts), KanR, Pcas-as9ParaB-Red /aclq Ptrc-
y stored
sgRNA-pMB1
pTarget pMB1 aadA PpJ23119-sgRNA-(target gene) Laborator
y stored
pTrc99a (K) pTrc99A (Replace AmpR with KanR) Laborator
y stored
pTrc99a-panCE-col pTrc99a (K), KanR, containing the panC gene from This
E. coliw3110 study
pTrc99a-panCBswiis — pTrc99a(K), KanR, containing the panC gene from B. This
subtilis 168 study
pTrc99a-panCrruica  nTrc99a(K), KanR, containing the panC gene from P. This
putida KT2400 study
pTrc99a-panC’ pTrc99a(K), KanR, containing the panC gene from P. This
aeruginosa aeruginosa PAO1 study
pTrc99a- pTrc99a(K), KanR, containing the panC gene from C. This
panCC-glutamicum glutamicum ATCC 13032 study
pTrc99a-panC(P28A) pTrc99a(K), KanR, containing the panCEcoi(P28A) This
gene study
pTrc99a-panC(M30A) pTrc99a(K), KanR, containing the panCEi(M30A) This
gene study
pTrc99a-panC(L40A) pTrc99a(K), KanR, containing the panCEcoi(L40A) This
gene study
pTrc99a-panC(N58A) pTrc99a(K), KanR, containing the panCEc2i(N58A) This
gene study
pTrc99a-panC(N61A) pTrc99a(K), KanR, containing the panCEci(N61A) This
gene study
pTrc99a-panC(F62A) pTrc99a(K), KanR, containing the panCE<°li(F62A) This
gene study
pTrc99a- pTrc99a(K), KanR, containing the panCE<i(R123A) This
panC(R123A) gene study
pTrc99a- pTrc99a(K), KanR, containing the panCE<i(H126A) This
panC(H126A) gene study
pTrc99a-panC(I133A) pTrc99a(K), KanR, containing the panCE<i(1133A) This
gene study
pTrc99a- pTrc99a(K), KanR, containing the panCE<oi(\V134A) This
panC(V134A) gene study
pTrc99a- pTrc99a(K), KanR, containing the panCE<oi(L137A) This
panC(L137A) gene study
pTrc99a- pTrc99a(K), KanR, containing the panCE<oi(K151A) This
panC(K151A) gene study
pTrc99a- pTrc99a(K), KanR, containing the panCEc°(Q155A) This
panC(Q155A) gene study




pTrc99a-
panC(M178A)
pTrc99a-
panC(L186A)
pTrc99a-
panC(R189A)
pTrc99a-panC(F62G)
pTrc99a-panC(F62V)
pTrc99a-panC(F62L)
pTrc99a-panC(F62I)
pTrc99a-panC(F62P)
pTrc99a-panC(F62S)
pTrc99a-panC(F62T)
pTrc99a-panC(F62H)
pTrc99a-panC(F62W)
pTrc99a-panC(F62C)
pTrc99a-panC(F62D)
pTrc99a-panC(F62E)
pTrc99a-panC(F62K)
pTrc99a-panC(F62Y)
pTrc99a-panC(F62M)
pTrc99a-panC(F62N)
pTrc99a-panC(F62Q)

pTrc99a-panC(F62R)

pTrc99a-
panC(R123G)

pTrc99a(K), KanR, containing the panCE<°i(M178A)
gene

pTrc99a(K), KanR, containing the panCE<oi(L186A)
gene

pTrc99a(K), KanR, containing the panCE<i(R189A)
gene

pTrc99a(K), KanR, containing the panCEi(F62G)
gene

pTrc99a(K), KanR, containing the panCE<i(F62V)
gene

pTrc99a(K), KanR, containing the panCEi(F62L)
gene

pTrc99a(K), KanR, containing the panCE<oi(F62l)
gene

pTrc99a(K), KanR, containing the panCE<°i(F62P)
gene

pTrc99a(K), KanR, containing the panCE<°i(F62S)
gene

pTrc99a(K), KanR, containing the panCE(F62T)
gene

pTrc99a(K), KanR, containing the panCEcoi(F62H)
gene

pTrc99a(K), KanR, containing the panCE(F62W)
gene

pTrc99a(K), KanR, containing the panCEi(F62C)
gene

pTrc99a(K), KanR, containing the panCE<°i(F62D)
gene

pTrc99a(K), KanR, containing the panCE<°i(F62E)
gene

pTrc99a(K), KanR, containing the panCE<°li(F62K)
gene

pTrc99a(K), KanR, containing the panCE<i(F62Y)
gene

pTrc99a(K), KanR, containing the panCEcoi(F62M)
gene

pTrc99a(K), KanR, containing the panCE°i(F62N)
gene

pTrc99a(K), KanR, containing the panCEi(F62Q)
gene

pTrc99a(K), KanR, containing the panCEi(F62Q)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123G)
gene
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study
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study
This
study
This
study
This
study
This
study




pTrc99a-
panC(R123V)
pTrc99a-
panC(R123L)
pTrc99a-panC
(R123I)
pTrc99a-
panC(R123P)
pTrc99a-
panC(R123S)
pTrc99a-
panC(R123T)
pTrc99a-
panC(R123H)
pTrc99a-
panC(R123W)
pTrc99a-
panC(R123C)
pTrc99a-
panC(R123D)
pTrc99a-
panC(R123E)
pTrc99a-
panC(R123K)
pTrc99a-
panC(R123Y)
pTrc99a-
panC(R123M)
pTrc99a-
panC(R123N)
pTrc99a-
panC(R123Q)
pTrc99a-
panC(R123G)
pTrc99a-
panC(R123G)
pTrc99a-
panC(R123F)
pTrc99a-
panC(R189G)
pTrc99a-
panC(R189V)
pTrc99a-
panC(R189L)

pTrc99a(K), KanR, containing the panCE<i(R123V)
gene

pTrc99a(K), KanR, containing the panCEi(R123L)
gene

pTrc99a(K), KanR, containing the panCE<°(R123l)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123P)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123S)
gene

pTrc99a(K), KanR, containing the panCE<°(R123T)
gene

pTrc99a(K), KanR, containing the panCEc°(R123H)
gene

pTrc99a(K), KanR, containing the panC~F-<i(R123W)
gene

pTrc99a(K), KanR, containing the panCE<°(R123C)
gene

pTrc99a(K), KanR, containing the panCE<°(R123D)
gene

pTrc99a(K), KanR, containing the panCE<(R123E)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123K)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123Y)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123M)
gene

pTrc99a(K), KanR, containing the panCE<°(R123N)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123Q)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123G)
gene

pTrc99a(K), KanR, containing the panCE<°i(R123G)
gene

pTrc99a(K), KanR, containing the panCE<°(R123F)
gene

pTrc99a(K), KanR, containing the panCE<°i(R189G)
gene

pTrc99a(K), KanR, containing the panCE<i(R189V)
gene

pTrc99a(K), KanR, containing the panCEi(R189L)
gene
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study
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pTrc99a-panC(R189I)

pTrc99a-
panC(R189P)
pTrc99a-
panC(R189S)
pTrc99a-
panC(R189T)
pTrc99a-
panC(R189H)
pTrc99a-
panC(R189W)
pTrc99a-
panC(R189C)
pTrc99a-
panC(R189D)
pTrc99a-
panC(R189E)
pTrc99a-
panC(R189K)
pTrc99a-
panC(R189Y)
pTrc99a-
panC(R189M)
pTrc99a-
panC(R189N)
pTrc99a-
panC(R189Q)
pTrc99a-
panC(R189F)
pTrc99a-
panC(R123Q/R189A)
pTrc99a-
panC(R123Q/R189I)
pTrc99a-
panC(R123A/R189A)
pTrc99a-
panC(R123A/R189I)
pTrc99a-
panC(R123N/R189l)
pTrc99a-
panC(R123Q/R189I)
pTrc99a-
panC(R123Q/R189I/F

pTrc99a(K), KanR, containing the panCE<°(R189I)
gene
pTrc99a(K), KanR, containing the panCE<i(R189P)
gene
pTrc99a(K), KanR, containing the panCE<°i(R189S)
gene
pTrc99a(K), KanR, containing the panCE<°(R189T)
gene
pTrc99a(K), KanR, containing the panCE<°(R189H)
gene
pTrc99a(K), KanR, containing the panC~F-<i(R189W)
gene
pTrc99a(K), KanR, containing the panCE<°(R189C)
gene
pTrc99a(K), KanR, containing the panCE<°(R189D)
gene
pTrc99a(K), KanR, containing the panCE<(R189E)
gene
pTrc99a(K), KanR, containing the panCE<°i(R189K)
gene
pTrc99a(K), KanR, containing the panCE<i(R189Y)
gene
pTrc99a(K), KanR, containing the panCE<°i(R189M)
gene
pTrc99a(K), KanR, containing the panCE<°(R189N)
gene
pTrc99a(K), KanR, containing the panCE<°i(R189Q)
gene
pTrc99a(K), KanR, containing the panCE<°i(R189Q)
gene
pTrc99a(K), KanR, containing the
panCE<i(R123Q/R189A) gene
pTrc99a(K), KanR, containing the
panCE<i(R123Q/R189Il) gene
pTrc99a(K), KanR, containing the
panCEci(R123A/R189A) gene
pTrc99a(K), KanR, containing the
panCEc°i(R123A/R189I) gene
pTrc99a(K), KanR, containing the
panCEc°i(R123N/R189l) gene
pTrc99a(K), KanR, containing the
panCE<i(R123Q/R189Il) gene
pTrc99a(K), KanR, containing the
panCEi(R123Q/R1891/F62A) gene
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62A)
pTrc99a-M3

pTrc99a-
panC(R123Q/R189I/F
62M)
pTrc99a-
panC(R123A/R189I/F
62l)
pTrc99a-
panC(R123A/R189I/F
62M)
pTrc99a-M3-ilvBN

pTrc99a-M3-alsS

pTrc99a-M3-ilvCD

pTrc99a-M3-panBE-coli

pTrc99a-M3-
pan BC-glutamicum
pTrc99a-M3-
pan BP.putida
pTrc99a-M3-
pan BB.subtilis
pTrc99a-M3-panE

pTrc99a-CBS

pET28a-panC(WT)

pET28a-
panC(R123Q/R189I)
pET28a -
panC(R123Q/R189I/F
62l)

pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62I) gene
pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62I) gene

pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62I) gene

pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62I) gene

pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62l), ilvBN genes
pTrc99a(K), KanR, containing the
panCEi(R123Q/R1891/F62l), alsS genes
pTrc99a(K), KanR, containing the
panCEi(R123Q/R189I/F621), ilvCD genes
pTrc99a(K), KanR, containing the
panCEc°i(R123Q/R1891/F62l), panBEF-<°i genes
pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62l), panBC-gutamicum genes
pTrc99a(K), KanR, containing the
panCE<i(R123Q/R1891/F62l), panBPrutida genes
pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62l), panB?-suttiisgenes
pTrc99a(K), KanR, containing the
panCE<°i(R123Q/R1891/F62l), panE genes
pTrc99a(K), KanR, containing the
panCE“li(R123Q/R1891/F62l), panBB-subtiis and jlvBN
genes
pET28a(+), KanR, panCE<i expression, T7 promoter

pET28a(+), KanR, panC&i(R123A/R189l)
expression, T7promoter
pET28a(+), KanR, panCE<i(R123A/R1891/F62I)
expression, T7 promoter
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Table S2. Primers used in this study

Primer Sequence (5’—3’)
zwf-f TTTGCCTCGCCAAGCCCTTTG
zwf-R CACTGCTGCATTCAGCCGTCTC
pgl-F GGAAGATGGCAGCGTGTTGAGT
pgl-R CCCGGCGGCAATCAGATACTTG
gnd-F TGCTTGCGGACCAGAGAGAACT
gnd-R CGCTGTCGCTGATTACCGAGTC
rpe-F GCTGGTCGAAGATTGCCGAACC
rpe-R GGTGGCGTGAAGGTGAACAACA
tkta-F TGAGGTGCAGCAGGCTGTAGAT
tkta-R ACAACCCGCAGAATCCGTCCT
tktb-F AACGGACCGACGGCACTGAT
tktb-R GCACATAACCGCCACGAGCAA
16S-F CCTTACGACCAGGGCTACAC
16S-R CAATCCGGACTACGACGC
For RT-gPCR

Table S3. By-product and pyruvate production of the engineered strains in shake flask
cultures with the LB medium

Strains Pyruvate (g L) Formate (g L") Acetate (g L) L-alanine (gL') L-lactate(g L")

DPA11A 1.64+ 0.01 0.50 £ 0.05 0.62+ 0.03 0.70+£0.03 0.95+0.04
DPN1 1.60 £ 0.02 0.51+£0.06 0.63 +0.11 0.73+£0.09 0.93+£0.05
DPN2 1.67 £0.05 0.54 £0.03 0.23 £0.02 0.72+0.12 0.87 £0.05
DPN3 1.70£0.10 0.43+£0.02 0.25+0.02 0.52+0.02 0.92 +0.06
DPN4 1.69 + 0.09 0.12 £0.01 0.21 +£0.08 0.43+0.03 0.85+0.04
DPN5 1.92 £ 0.08 0.23+0.06 0.31+£0.07 0.36 +0.04 0.95+0.03
DPN6 2.01+0.04 0.22 £ 0.06 0.32+0.07 0.33+0.04 0.55+0.03
DPN8 1.32+0.14 0.14 £0.05 0.34 £ 0.09 0.23 +0.06 0.45+0.09

DPN12 0.75+0.12 0.13 £ 0.05 0.42 £ 0.07 0.3 3+ 0.07 0.51£0.10
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Fig. S1 HPLC analysis of D-panthenol standard (A) and fermentation broth sample (B).



D:LiuZQ1202309201 09121123 15:54.03
RT:000-1500
N
100; 387ET
TC NSt
dar oH
H HO/%YN\/\/OH
< )
K
gm D-Panthenol
ki 15 1819
' X
& “ff ,, Standard e T g e 000 2
0 08 105 150 'R 20T 96 308 335 361 400 404 450 475 490 525 542 574 601 638 665 BTHT N 030 37 142 1465
ﬂ\\\HHHHHH\HH\HH\HH\HHHHHHH\HH\HH\HH\HHHHH
w05 0 15 20 25 35 40 45 s 55 60 65 W0 15 5 [ 5 5 ! 150
Tine fin)
D:LiuZQ12023092012 09121123 16:11:30
RT:000- 1501
N
107 e
. oH n o 1145 1125 14 ] TIC HS2
§ o] HOW I~ o35 1091 1182 e
3 ) | 1246 18
560 10358
3 D-Panthenol
<
£ 4]
H 084 087 05 Sample
& o]

0 680 697 731 T8 171 174 445 8848

190 188 199 7 310 306 38 0 o
% 0 21 S SBT3 U4 g

L R L R b R B B B B R R D RN NN NR RN
00 05 10 40 45 50 55 60 65 0 75
Time (min)
o
4
s HDYWN\/\/OH
to] T
H wsss
ésnf 225,34 D-Panthenol
2
£9 ’j“; Standard
& ] 798
a : . AR e

Py

By

(aERnal
2y 0 80 ds00 1950 2000

28301 RT: 180 AV:1 M1
CESIFull 10

wes

onzom

on

o

3 D-Panthenl
Jiigoe el e
JE DRI vl e s A L S L (555 [ 020 RS0 T pe_eqhud SR Jov 00 V60T, SO A SO0 RSO IORIS M0, ISR, OB OO Vi8S ITESS s 00 192440 198818

Y * r T T T Y t T T T T t T t ¥ ¥ t T \ v T ? t t \ !
W0 90 2o 20 30 30 400 40 500 S0 600 630 700 750 | G0 80 90 90 1000 100 1100 1150 1200 1250 1300 130 1400 1450 1500  ssD  Jeo0 1650 1700 1760 1800 1650 dsop | 150 2000

Fig. S2 Verification of D-panthenol from DPA1-ptrc99a-panC fermentation broth using LC-MS
analysis. (A-B) HPLC analysis of standard and sample. (C-D) LC-MS analysis of standard
substance and sample. The LC-MS and mass spectra were obtained using Thermo LTQ
XLTM, equipped with a BEH C18 column (100 mm x 2.1 mm, 1.7 ym) and an ESI source in
negatn)/e ion mode used for MS analysis. The flow rate was set at 0.4 mL/min, and the mo-bile
phases were (A) 0.1% of formic acid in water and (B) 0.1% of formic acid in acetonitrile. While
gradient elution was performed from 2% B to 98% B in 15 min, and all chromatographic
separations were carried out using same gradient elution procedure.
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Fig. S3 Aligned X-ray structures of AMP and vitamin B5 Campylobacter jejuni PS (blue color,
PDB: 3UY4) and E. coli PS (red color).

Fig. S4 Screening for mutation sites using alanine scanning strategy. Select sites 28, 30, 40,
58, 61, 62, 123, 126, 126, 133, 134, 137, 137, 115, 155, 178, 186, 189 as mutation sites.
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Fig. S5 (A)PS electrostatic potential energy diagrams and hydrophobic interaction diagrams.
The darker the purple color, the more hydrophilic, and the darker the green color, the more
hydrophobic. (B) 100 ns molecular dynamic (MD) analysis of wild type PS and variant M3.
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Fig. S6 The effect of saturation mutation on D-panthenol production.
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Fig. S7 Relative activity of the cell-free extracts of the wild-type (WT) PS and its variants
evolved in protein engineering. The plasmids pET28a-panC (WT), pET28a- panC
(R1231/R189I1) and pET28a- panC (F62I/R1231/R189l) were transformed into E. coli BL21
(DES3) for expression. They were incubated in 100 mL LB medium containing 100 ug/ml for 2
to 3 hours in a shaker at 37°C. Protein expression was induced by adding 100 uL of 0.1 M IPTG
to the shake flask for 12 h. The temperature of the shaker was adjusted to 28°C. Cells were
collected by centrifugation at 4°C, washed twice with 50 mM Tris-HCI (pH 7.0) and resuspended
in buffer containing 50 mM Tris-HCI (pH 7.0). Recombinant proteins were affinity purified by a
Ni-NTA column. The purity of the purified enzyme was tested by SDS-PAGE, and the protein
concentration was measured by BCA protein assay kit (Vazyme, Nanjing, China). The reaction
mixture (1.1 mL) consisted of PSg ;. enzyme [7 Mm], (R)-pantoate [25 mM], 3-aminopropanol
[25 mM], ATP [5 mM], MgCl, [10 mM] in Tris-HCI buffer [50 mM, pH 7]. The reaction mixture
was incubated at 30 °C for 24 h. The enzyme was inactivated by heating at 70 °C for 5 min and
the precipitated enzyme was removed by filtration.
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Fig. S8 Enhancing and screening of D-pantoate pathway genes. (A) Effects of increasing D-
Pantoate pathway genes in the genome on D-Pantoate production. (B) Screening for
plasmid overexpression of D-pantoate pathway genes. (C) Effect of overexpression of
optimal genes on pantothenic acid production and biomass. (D) Effect of main pathway
enhancement on the production capacity of strain D-pantothenic acid
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Fig. S9 A fine ratio of NADPH and NADP* in cells promotes cell growth and D-pantoate
synthesis. (A) Effects of overexpression of NADPH-generating genes and knockout-
depleting genes on D-pantoate production. (B) Effect of continued overexpression of
NADPH-producing genes on D-pantothenic acid and D-panthenol production (C)
Differently engineered strains intracellular NADPH/NADP+ ratio.
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Fig. S10 The strain was domesticated for good tolerance of 3-aminopropanol by microbial
microdroplet culture (MMC). The passaging time was 4 h in the first 37 bands and 3.5 h in the
next 5 bands. Each droplet can be regarded as a shake flask in the traditional shake flask
adaptation evolution. (Drop losses in drop5, drop20 and drop21 during passaging are shown

in red).
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Fig. S11 D-panthenol and biomass production by shake flask fermentations of the adapted
evolved strain versus the control strain DPN13.



