SUPPLEMENTAL MATERIALS

Supplemental Tables

TABLE S1 Oligonucleotide primers used in this study.

Primers

Sequences

Common primers”

Chi-F

Chi-R

5'-AGAGATCTGATTCACCAAAGCAAAGTCAAAAAATT-3' (Forward)

5S'-CAGCTGCAGCTAGTTTTCGCTAATGACGGCATTTAA-3' (Reverse)

Specific primers

Y46A-F

Y46A-R

WS50A-F

WS50A-R

R55A-F

R55A-R

WI171A-F

WI171A-R

E211A-F

E211A-R

D287A-F

D287A-R

R343A-F

R343A-R

D385A-F

5S'-TCAAAAAATTGTTGGGGCCTTTCCTTCGTGGGGCGT-3' (Forward)
S'-TACCCAACAATTTTTTGACTTTGCTTTGGTGAATCT-3' (Reverse)
5'-TGGGTACTTTCCTTCGGCGGGCGTTTACGGACGTAA-3' (Forward)
5'-GCCGAAGGAAAGTACCCAACAATTTTTTGACTTTGC-3' (Reverse)
5'-GGGGCGTTTACGGAGCTAATTATCAAGTTGCTGACA-3' (Forward)
5'-GCTCCGTAAACGCCCCACGAAGGAAAGTACCCAACA-3' (Reverse)
S'-TATTTCCGTTGGTGGCGCGACTTGGTCTAACCGCTT-3' (Forward)
5'-GCGCCACCAACGGAAATAATTGTTTTTAAGTGAGGA-3' (Reverse)
5'-TAGATTTAGACTGGGCATATCCGGGCGTTGAAACGA-3' (Forward)
5'-GCCCAGTCTAAATCTACGCCATCAAACCCATATGCG-3' (Reverse)
5'-TAGTATTATGACATATGCTTTCCACGGCGGATGGGA-3' (Forward)
5'-GCATATGTCATAATACTAATCCAATCGAGTATTTGA-3' (Reverse)
5'-CGTACCCTTTTACGGAGCTGGCTGGAAAAGTTGTGG-3' (Forward)
5'-GCTCCGTAAAAGGGTACGCCTAATACTAGTTTATCG-3' (Reverse)

5'-TGACACAGGTGTCTATGCTTACGGTGATTTAGCAGC-3' (Forward)



D385A-R

W447A-F

W447A-R

S450A-F

S450A-R

5'-GCATAGACACCTGTGTCACCGGTAGAGTAATCATCC-3' (Reverse)
5'-AAGTGGAGCAATGTTTGCGGAACTAAGCGGAGATTG-3' (Forward)
5S'"-GCAAACATTGCTCCACTTAAACCTTTCGTCTTTATA-3' (Reverse)
5S'-AATGTTTTGGGAACTAGCCGGAGATTGCCGTACAAG-3' (Forward)

5'-GCTAGTTCCCAAAACATTGCTCCACTTAAACCTTTC-3' (Reverse)

* The underlined sequences indicates the restriction enzymes Bgl/Il (AGATCT) and

Pstl (CTGCAG) sites.



TABLE S2 Partial homologous proteins to Chi960235.4s59¢ by BLASTP search from

PDB.

No. PDBID GenBank Accession Sources Identity
0 — KF671757.1 Bacillus thuringiensis Chi9602 100%
1 1TX 20150306 Bacillus circulans chitinase Al 61%
2 4PTM 605604531 Serratia proteamaculans chitinase D 35%
3 1FFQ 28948336 Serratia marcescens 34%
4 3G6L 288965415 Clonostachys rosea chitinase Crchil ~ 33%
5 3ARO 329665965 Vibrio harveyi chitinase A 33%
6 IHKM 47168339 Homo sapiens chitinase 32%
7 1LL4 24158867 Coccidioides immitis chitinase 1 31%
8 3CH9 170785246 Aspergillus fumigatus chitinase B1 31%
9 3W4R 584579550 Ostrinia furnacalis chitinase 30%
10 4DWS  GIL:453055980 Yersinia entomophaga chitinase 1 28%




Supplemental Figure Captions

FIG S1 Schematic illustration of recombinant plasmid construction and the amino

acid sites of the Chi9602 variants subjected to site-directed mutagenesis.

FIG S2. Alignment analysis of partial amino acid sequences of Chi9602 and
several family 18 chitinases. The blue rectangular frames indicate the specific
chitinase-binding motif “SXGG” and the conserved CCD motif “DXDXE” of the
family 18 chitinases. The red triangles indicate the amino acid sites that were selected

for mutagenesis in this study.

FIG S3 Evaluation of the structural coordinates of the constructed Chi9602535.457
model by Ramachandran plot analysis. A, Overall view of Ramachandran plot results
for the Chi960235.459 model; B, Detailed Ramachandran plot analyses revealing the

coordination of the residues in favored or allowed regions.

FIG S4 Ribbon model of the Chi960235.459 + (NAG), complex (A) and an expanded
view of this model showing the surrounding residues of the substrate binding groove
(B). In B, the red-colored residues represent the residues selected for site-directed

mutagenesis. AA, amino acid.

FIG S5 SDS-PAGE profiles of wild-type Chi9602 and the mutant chitinases. A, Lane
1, protein MW marker; lane 2, E. coli TOP10 (negative control); lane 3, E. coli
MB332 expressing the chi gene; lane 4, purified Chi9602 from MB332. B, Purified
mutant chitinases. Lanes 1 to 10, protein MW marker, ChiY46A, ChiW50A,

ChiR55A, ChiW171A, ChiE211A, ChiD287A, ChiR343A, ChiD385A, Chi9602



(control), respectively. C, Purified mutant chitinases (continued). Lanes 1 to 4, protein

MW marker, ChiW447A, ChiS450A, Chi9602 (control), respectively.
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FIG S1 Schematic illustration of recombinant plasmid construction and the amino

acid sites of the Chi9602 variants subjected to site-directed mutagenesis.
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Chi9602 MAMRSQKFTL LLLSLLLFLP LFLTNFITPN LALADSPKQS G--VYGRN-Y 57
10 (. G T LQP- -ATAEAAD-S A--AYGRN-Y 28
o 1 T AHAAS GDVTAGPG-G 24
1FFQ DGCTASDATE IVVADTDGSH LAPLKEPLLE KNKPYKQNSG G--VYGRN-F 57
K€ D R ATPRMEDLAS TDLSTRATGS G--1YGRN-F 37
3ARO TGCSKSAPVE ITIADTDGSH LKPLTMNVDP NNKSYNTDPS G--1YGRD-Y 57
105 14 T AQYRQGEARF 20
1 0 T GG A--1YGRG-H 19
3CH9 FATSTIVKVA LLLSSLCVDA AVMWNRDTSS TDLEARASSG A--1YGRN-H 57
3W4R - - - - - - - - - - oo - - MRAL LLTTLAVLAV GINAAESDSR AVYRPGVGRY 4
4DWS ETYSRPDVNF KEDGSQGNLS YTATRVCAPM YNHYVGDKTK CQYDARkDGG 60
70 80 90 100 120
[ | | B | < EER < EEE
Consensus Do DL F :
Chi9602 QVAD- - - - - - - - - - - - - IDA SKLTHENMAR ADMCWNGKHG THPDNPNKQT 97
1ITX NVAD- - - - - - - - - - --- IDP TKVTHENMAR ADMICWNGIHG -DPSGPNPVT 66
4PTM DINK--=---- - ------ LDV TQITHEBNMSEI GLBMYND- - - - - - - - - - - - - - - - - -~ EKQET 52
1FFQ TVDK=- - ---- - ------ IPA QNLTHEBLMGHE ! PBMCGGNGIN -SFQALQRSC 101
3G6L QPAD- - - - - - - - - - - -~ LQA SKILHMLMSEI MNEBIRVD- - - - - - - - - - - - - o - - oo oo oo 60
3ARO TVDN- - - - - - - - - -~ -~ MPV DNLTHMBLMGH 1 PMCGPN- - - NSFNALQTAC 9
1HKM LPKD------ - ------ LDP SLCTHEIMABRI AGMTNHQ- - - - - - - - - - - -~ - - - - - -~ 44
1LL4 NPQD- - - - - - - - - - - -~ LKA DQFTHMLMABI ANMRPSG- - - - - - - - - - - - - - 43
3CHY NPQD- - - - - - - - - - - -~ LPV ERLTHMLMABI ANMRPET - - - - - - - - - - - - - - - - - - - - - 81
3W4R GIED------ - ------ IPV DMCTHMIMSEl [ GMTEDT - - - - - - - - - - - - - - - - - - -~ 68
4DWS GSKEEERGRG FDLATLMQNP ATYDREBIESE LGEBCGDIGNK SKKVQEVWDG WNAQAPSLGL 120
130 140 150 160 170 180
| o | o | R | o | o | o
Consensus
Chi9602 WNCKESGVPL QNKEVPNGTL VLGEPWADVT KSYPGSGTTW E- - - - - DCDK YARCGNFGEL 152
1ITX WTCQNEKS-- QTINVPNGTI VLGDPWIDTG KTFAG--DTW D- - - - - Q--- -PIAGNINQL 113
4PTM NPALKDPSRL HQIYLSP - - - - - - - - - oo oo — o oo oo oo e o m s o e e e - -KVMADLQLL 78
1FFQ QGREDFKVSI HDPFAALQKA QK--GVTAWD D- - - - - - - - - - - - - -~ -PYKGNFGQL 139
3G6L. - - - - - GTVYS GDTYADLEKH YSDDSWNDIG T---=--=---- - -~~~ -NAYGCVKQL 95
3ARO RGVNDYEVVI HDPWAAYQKS FP-QAGHEYS T--------- - - - ------ -PIKGNYAML 138
1IHKM - - - - - - - - - L STTEWN- - - - - - - - - - - o o o o oo oo oo oo o s s e s -DETLYQEFN 60
14 - - - - - - EVYL SDTWADTDKH YPGDKWDEPG N- - - - - - - - - - - - - - -~ -NVYGCIKQM 77
3CH9 - - - - - GEVYM TDSWADIEKH YPGDSWSDTG N- - - - - - - - - - oo -~ -NVYGCIKQL 116
3W4R - - - - - QQVLI IDPELDV - - - - - - o o o oo oo oo oo e oo e m e o e e e -DKNGFKNFT 89
4DWS PQIGKGHIVP LDPYGDLGTA RNVGLPPESA DTSIESGTFL PYYQ---- - Q NRAAGLLGGL 175
190 200 210 220 230 240
o o C o | R | o | o
Consensus * . H : * : . :
Chi9602 KRJIKAKY - - - -PHBIKTI I WT - WSNR SDMAADEKT]JN LRAYG-FDG 206
1ITX NKIRQTN- - - -PNEBKTII T-WSNR SDVAATAAT]N LRKYN-FDG 167
4PTM PVIIRKQN- - - -PEBKVLL G-ARG - SGAAATAE SN IKQYH-LDG 131
1FFQ MAJKIQAH- - - -PDBKILP T - LSDP FFMGDK - VK LQTWKFFDG 193
3G6L YKPIRKAN- - - -RSEBKIML T-WSTN PAAASTEAT]N MKDWG - FDG 149
3ARO MAJKIQRN - - - -PDBKIIP YT - LSDP YDF VDK - KNJ LKTWKFYDG 192
1HKM - GJERIKMN - - - - PKEKTLL INFGT QK TDMVATA NN LRKYS-FDG 114
1LL4 YLPIKRKNN - - - -RNBKTLL T-YSPN KTPASTEE G MKDLG- FDG 131
3CH9 YLPIKRKQN - - - -RNBKVLL T-YSPN APAASTDA G LQDLG-FDG 170
3W4R -SPRISKH- - - -PGMKFTV AEGGSK SKMVAAKS TN LNKYN-FDG 143
4DWS REPPOKKAHAM GHKEDLAF SIS - LSSY SALAENPDEJ FVRFPMFSC 234
A
| 25|0 | 26|0 | 27|0 | 22‘30 | 2“‘30 | 31|]0
Consensus ¥k Gk E X * : : * 33
Chi9602 D BMIJGVE TIPGGSYRPE -DKQNFTL]S QDVRNALNKA GAED--GKQY L INS GA S Q 263
1ITX D NIV SG GLDGNSKRPE -DKQNYTL]S SKIREKLDAA GAVD--GKKY L INS GA S A 224
4PTM D NIV NG AWGLVESQPA -DRANFTL]S AELHKALDKG - ------- - K L INVGANYV 181
1FFQ D BEIIGGK GANPNLGSPQ -DGETYVL]S KELRAMLDQL SVET--GRKY E INI SAGK 250
3G6L D BNIJA SE TDANN- - - - - - - - - - MV LS QRVRQELDSY SATYANGYHF Q INA PA GP 199
3ARO D BEIGGG GAAADKGDPV NDGPAYIA]RS RELRVMLDEL EAET--GRTY E INI GVGY 250
1HKM D BN - -G SQGSPAV--- -DKERFTT]S QDLANAFQQE AQTS-GKERL L INVPAGQ 167
1LL4 D WINMEDE KQAND- - - - - - - - - - FVL]" KACREALDAY SAKHPNGKKF L INS PAGP 181
3CHY D BMIJEND QQAND- - - - - - - - - - FVL]" KEVRTALDSY SAANAGGQHF L INS PAGP 220
3W4R D BMIJGAA DRGGSFS--- -DKDKFLY]S QELRRAFIRE GKG- - - - - - W E INVP LAN 193
4DWS D BMIdGGG GDEGNISSDK -DGENYVL]S KELRSALDSR FGYS---NRK E INC SGVK 290
A
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(To be continued)
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P

Consensus : ¥
Chi9602 R-YADHTELK KISQI
1ITX T-YAANTELA KIAAI
4PTM KSPQEWVDVK GIAPY
1FFQ D-KIDKVAYN VAQNS
3G6L S-HYNVLKLA QLGSV
3ARO D-KIEDVDYA DAVQY
1THKM TYVDAGYEVD KIAQN
1LL4 Q-NYNKLKLA EMDKY
3CH9 D-KIKVLHLK DMDQQ
3W4R FRLMEGYHVP ELCQE
4DWS AKLKKSNIDQ LVANG
37‘0 | 33‘30
Consensus .
Chi%9602 - - - - - - - - NF YVDGAINVYT
i - - - - - DANTF NVAAGAQGHL
4PTM - - - - - - - - - Y SANFVVDNYL
1FFQ - - - - - - DTAY TTVNGVNALL
3GeL - - - - - SSTPF STKAAVDAYI
3ARO NGEPYKGPAY TADNGIQLLL
1THKM - - - - - - - - SL NVDAAVQQWL
14 - - - - - ESTPF SSDKAVKDYI
3CHY - - - - - LSTPF NTQTALDLYR
3W4R - - - - - - - - KL NVNDGLQLWE
4DWS - - - - - - LFDL SAEAAIDYLH
43‘s0 | 4“10
Consensus
Chi%9602 - - - - - - - - EN NGQYQPCKPG
iurx - - - - - - - - AG NGQYQTCTGG
4P™ - - - - - - - - AK NPVTQPYFTA
1FFQ - - - - - - - - - - NIPFTGTATG
3GeL - - - - - - - - - P GKPYSTIGEG
3ARO - - - - - - TDP NDPMTGTATG
1IHKM - - - - - - - - - D TRVGAPAT - -
1LI4 - - - - - - - - - I GTSFNGVGGG
3CH9 - - - - - - - - - P GKPYNGVGQG
RA ) S N YNLGTYINKE
4DWS - - - - - - DLT TRQYTKNGPA
| 49‘0 | 5(‘]0
Consensus :
Chi9602 ---KNGFVRY WNDTAKVPML
1ITX ---KNGYTRY WNDTAKVPML
4PTM ---QRRFTAH WDSDAQVPML
1FFQ - - - - - - - QYT YDATAEAPMV
3G6L ---KAGATVI TDSAAGATMS
3ARO -TGINGFEYG YDAQAEAPMWYV
1HKM -GATKQRIQ- ---DQKVPMI
1LLA ---QQGAQVT ELEDIAASMS
3CH9 ---QAGATEH VLPDIMASMS
3W4R -TADSKWTKK WDEHGKCPMA
4DWS -MGKNGFVLM TDTNADADEL
| ﬁﬂ |
Consensus X
Chi9602 LSGPIC - -RTS PKYSC 46l
1ITX LSGIJR - - NKT - - - - - 410
4PTM YGAPD - - NNR - - - - - 387
1FFQ I DAP]- - -NGD I LNSM 435
3G6L ASAPIK- -TGS DS--- 372
3ARO IDAP- - -NGD - - - - - 460
1THKM LDLD - - FAG FSCN- 35
1LL4 SSSPJK - -TGN ESLVG 357
3CH9 SSSPIK- -TGS DS--- 393
3W4R IDMPID- - FQG -LCGE 38
4DWS GDQPJCGLLAN AAR- - 48
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FIG S2. Alignment analysis of partial amino acid sequences of Chi9602 and

several family 18 chitinases. The blue rectangular frames indicate the specific

chitinase-binding motif “SXGG” and the conserved CCD motif “DXDXE” of the

family 18 chitinases. The red triangles indicate the amino acid sites that were selected

for mutagenesis in this study.
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B[ A1 Atom |[Clashscore, allatoms: [74.41 oth percentile™ (N=1784, all resolutions)
Contacts [Clashscore is the number of serious steric overlaps (> 0.4 A) per 1000 atoms.

Poor rotamers 6 1.57% ||Goal: <1%
Ramachandran outliers il 2.41% ||Goal: <0.05%
) Ramachandran favored 426 93.42% ||Goal: >98%
Gig::i";y MolProbity score” 2.92 26! percentile” (N=27675, 0A - 99A)
CB deviations >0.25A 5 1.20% |Goal:0
Bad backbone bonds: 3/3721 |0.08% ||Goal: 0%
Bad backbone angles: 70 /5058 |[1.38% ||Goal: <0.1%

In the two column results, the left column gives the raw count, right column gives the percentage.
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Ramchandran results:

93.4% (426/456) of all residues were in favored regions.

97.6% (445/456) of all residues were in allowed regions.

There were 8 outliers (phi, psi):

7 Lys (144.4, -159.5); 33 Leu (44.7, -156.7); 36 Ser (98.0, 135.0); 87 Ser (-28.4, 99.5); 90 Pro (-51.6, 92.2); 104 Gly (65.4, 136.4); 216 Glu (89.7, 173.7);
217 Thr (84.3, -168.9); 312 Asn (83.1, 41.4); 361 Pro (-146.8, -168.3); 369 Ser (171.8, 120.1)

FIG S3 Evaluation of the structural coordinates of the constructed Chi960235.457
model by Ramachandran plot analysis. A, Overall view of Ramachandran plot results
for the Chi960235.459 model; B, Detailed Ramachandran plot analyses revealing the

coordination of the residues in favored or allowed regions.

09

180



¥ he chige02,, 5, + (NAG), complex

H-Bonds
Donor

Acceptor.

g
=]
k3]
[
= £

(7]
o
T 2
-7’ °
o 2
ol =]
é °
c
(NAA), E g
[T
S5s
[« T
[=}
[}]
o
()
=Y

AA residues in the groove structure of Chi9602;; ;-
TYR46 PRO48 TRP50 ARG55 ALA73
PHE74 ASN92 PRO93 ASN94 GLY169
GLY170 TRP171 THR172 TRP173 ASP209
GLU211 TYR286 ASP287 PRO339 TYR341
ARG343 TRP373 ASP374 ASP385 TRP447
GLU448 SER450

FIG S4 Ribbon model of the Chi960235.459 + (NAG), complex (A) and an expanded

view of this model showing the surrounding residues of the substrate binding groove

(B). In B, the red-colored residues represent the residues selected for site-directed

mutagenesis. AA, amino acid.
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+Chi9602
(~70 kDa)

[<Chi9602 mutants
(~70 kDa)

hi9602 mutants
(~70 kDa)

FIG S5 SDS-PAGE profiles of wild-type Chi9602 and the mutant chitinases. A, Lane
1, protein MW marker; lane 2, E. coli TOP10 (negative control); lane 3, E. coli
MB332 expressing the chi gene; lane 4, purified Chi9602 from MB332. B, Purified
mutant chitinases. Lanes 1 to 10, protein MW marker, ChiY46A, ChiW50A,
ChiR55A, ChiW171A, ChiE211A, ChiD287A, ChiR343A, ChiD385A, Chi9602

(control), respectively. C, Purified mutant chitinases (continued). Lanes 1 to 4, protein

MW marker, ChiW447A, ChiS450A, Chi9602 (control), respectively.
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