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Figure S1  SDS-PAGE gel of the purified NnGH92 wild-type and variants used in this study. Lane 1, 8: Molecular
weight standard (Mark12, Invitrogen); lane 2: NnGH92 wild-type; lane 3: AFHB; lane 4: AFHBCBM32; lane 5: AN-
CBM32, lane 6: core; lane 7: inactive (E944Q) The gel was stained with Coomassie Blue and 1 pg of each enzyme was
loaded on the gel. The bands indicated by the letters (a-i) were excised and digested with trypsin. The isolated peptides were
analyzed with mass spectrometry and matched with the protein sequence of the corresponding NnGH92 variants. The
bottom bands (b, ¢, e, f) corresponding to the C-terminal deletion variants (AFHB and AFHBCBM32), were randomly
truncated from the protein C-terminus with poor coverage in the catalytic domain region. The bottom bands (h, 1) of the N-
terminal deletion variant (ACBM) maintained good protein coverage within the catalytic domain. No common cleavage

pattern was identified.



Acta Cryst. (2023). D79, https://doi.org/10.1107/S2059798323001663 Supporting information, sup-2

nl Bl
Bt3990/1-736 220 TT —> By 5 £ TT
20 30 S0 22
Bt3990/1-736 ....KDWTQY] NPLMSQSTFELSTTY}-\IARV\‘MNFWT GKM . .GDGWQ[Y[TYT
Bt3130/1-715 ....GEITKY IrGATDGGL SN YRGAT S MIQLJDQEAPNWGDAQGYDYN
Bt3965/1-756 MAQTEKLTDY Y[RV YHGAOTIEF[dG IO T SIIDRY . DSRFYDAASGYKYN
SpGH92/1-694 .. .MKPLLET|IDTRF[ETITNKHAFSRENTLEY TGVEIF[EMNYF VIJOWSDQ . . . DGSWF[FDPH
EfMan-I/1-713 ..... MNIQA/TIDTRH[ETANQHSFSN[ENC LYY TGVIAFEMNF Y AJOWTDO . . . KGSWW[FHPE
NnGH92/1-766 . .AFGSPIDY[VNILR[g ‘QSNGSFSRNFAVAIHFNFWTT .NA...GSSWIYQYH
NnGH92/1-766 0000 TT Toss v o'
né
B2 B4 Bs n2
Bt3990/1-736 - TTT — - 29
0 20 100 110
Bt3990/1-736 AN....... KIRGFKQTHQP SPH[TNEYGOF S[IMEIVGQPVFDEEKR. . . . . ..
Bt3130/1-715 RN....... TIFGF|SHTRLSGTGASWILIDITILMIBTSSGRT . . .. oofe v v v va
Bt3965/1-756 HL.......TLMGF LSGTG|IPRILGDF LIF|IJGTGEMKLEPGT[HEDPDQG Y R[S[RIY|
SpGH92/1-694 LP ....... IFQGIRL HQP SPWI/GRY SWLLLTHVTSQLGGDSLFHR. . . . . .
EfMan-I/1-713 DR....... ITHQPSPWMGHFSHLLMTIIVSGSLSELSLFHA. .. ...

NnGH92/1-766 ESN;VNNLPQIQA SVISHEPSPWMGERQTFQVMIgSASTAATPNANRDSR. .

NnGH92/1-766 TT TT —> TTT
p23 * B2s
i 7 B8 10
Bt3990/1-736 _—
0 ldl? 169 17('7
Bt3990/1-736 GEVA 'YLAEHDJVTEPVITPTERAV TFIPENDHSYVIVVDAF....DKGSY...
Bt3130/1-715 EEKAR}ZG|Y|Y Q 'MLKDENJNAELTTTQRNG QYPAGKDAEI|ILDMDHSA.DKGSWGRR
Bt3965/1-756  KEWA|SEIN(Y|Y AV[E LAD Y G[V[K AEMT|S|GIV R S GME|s AVPEQDNAFlMIDMNHTLWQoCEW...
SpGH92/1-694  KACF|ORH|Y|LK|LIF SLRYQI[ETQLTP[TIC Y GA| KQGKALS|LYLH. ... ..
EfMan-I/1-713 ESLF|SVEINLTQLRYQI|TSQLIP[SMYGG] QQKDNHL[LLT....... LPGRY
NnGH92/1-766 NETIA| /KF . ENGIRTEMTP[TIDHAA| TGATSNLIFDNVN NNGGL
NnGH92/1-766 TT —
B30
i1 n3 p12 p13 14 B1s
Bt3990/1-736  .....=—$000 =———b TT T =
18!? 190 209 210 229
Bt3990/1-736 NI I‘KI IPEENK[I|IGYTTRNSGGVPENFKN[Y|F I[TI|EFIDKP[F|T . YKATVENGNLQENVAE
Bt3130/1-715 IINS[QIRI[L.NDHAf . GWAKLRKI[Y|F YME[F|SSP[TI|L. TSTLRDGGRVHENTAV
Bt3965/1-756 .o .SNLRMI.NDSTITGYKLVK GWGPERHVYFTATF]SKKUTGLRFVQDKKPVIYNTQR
SpGH92/1-694 .. ..[TVEQV.DKRT|LALRQEGKTETNKNSLTMFTALIQMNTD|IL. . ATSQEAGDWRIDLAS
EfMan-I/1-713 ... .[QVKQ[L.DDHQVAVKVINYSGCEDPDFSEY[FVLHFEQP[LT. .. ... ... KWFAPSSG
NnGH92/1-766 — .T_I\DA. .KSGE|ITGYSDVKSGLSTGATRL[EVYAAFDKPVI . SGKLTGESRNNVTG
NnGH92/1-766 ... ==, 00 w———p TT TT — —_— -
p31 p32 B33 B34
p16 B17 p18 ol nd
Bt3990/1-736 >

250 270

FIQFEQRAARMNELGK . .DNIEQLAQK
SIVEMENISRORME QEAPH . WDFDRYVAA

Bt3990/1-736
Bt3130/1-715
Bt3965/1-756
SpGH92/1-694
EfMan-I/1-713
NnGH92/1-766

VBT DGIRNYMKELDG . . LTFNELRAK
F[ISP SIOIYL INLIPQED. . . . . FDSCKSS
BexooLRLAREISL. RS . TEMLQQ
LIFVEQIKKELEQEIGLNDTFEGLKEK

NnGH92/1-766 00000000000 02000000
o3

) u3 B20  B21 22
Bt3990/1-736 - —»T1 — . ..»TT

289 310 320 330
Bt3990/1-736 GKDA] NQ‘/LGKIE”EGGNLDQYRTFYOCLROL FIJRKFYE . LDANGQP(IH. . . . .YSPY
Bt3130/1-715 ADAD| EYTALMHETMIQIINTM. . . SDVNGEYMA.....ADYT
Bt3965/1-756 GEAL EKELGI\YTLTAD RKTKETF‘\'TS R{HAALLHEFIF . . .QDS|DGQFRG. . . . . LDKN
SpGH92/1-694 AQVDQENLILHRIFD|IIETGEADRTFFDHC|LMRLF|LFIFOTFYE . INE[SGQA|TH. . . . . MDLA
EfMan-I/1-713 GIADPHNY|FDR|ILKVITHENPEHTKT|F YHT|L}4RTF|LF}JOTFYE . LDEN|QQP[I[H. . ... YDTF
NnGH92/1-766 AKTENKK[LG|I|T E[V| EGASEDQLVTLY:NLRLFLYNSAFENVGTTTDPVYK‘{ASPYSAA

NnGH92/1-766 000000000 b
ot 37 BRaies ha s 539

Bt3990/1-736

Bt3990/1-736
Bt3130/1-715
Bt3965/1-756
SpGH92/1-694
EfMan-I/1-713
NnGH92/1-766
NnGH92/1-766

p26 o7 0.8

Bt3990/1-736 -p
3 390 430

Bt3990/1-736 [ASPGHRG.C 1 YEGIHGTENVHPEVSSTG
Bt3130/1-715 QLWGQDNYC| VITZ\\ILGIPGIDMEKA |EA[VYNSSVTSHPN. ....
Bt3965/1-756 SFYGNETWCI[YHAV S[VLARIM I YEAMKTTAMNSNYD. . . ..
SpGH92/1-694 LAPDERG . MUP[ET|IL LD G|I I ApSAICIDMTPDLEGEL[FQAMLETASKADPL.GING
EfMan-I/1-713 LSPDERG . LUP[ET|LIDAWV I AMAAVIIKI[RPDLMP QF[LEAMKKGATQQSER . ENYG
NnGH92/1-766 SSPGFAN.L PT.:SDV»\E‘E\Z\YLG TNFDVQ:FVQ.:I\,IRNAEAVJPN AGTG
NnGH92/1-766 — — TT

p4a4 p4s u9 ulO



Acta Cryst. (2023). D79, https://doi.org/10.1107/S2059798323001663 Supporting information, sup-3

a9 «l0

Bt3990/1-736 2000000 2000000000000000000900 200
Bt3990/1-736 KKE
Bt3130/1-715 .DAD
Bt3965/1-756 -EDD
SpGH92/1-694 .IEI
EfMan-I/1-713 . .SET
NnGH92/1-766 4 e jawaMD N LK AKEKGDKSDPYYANYAAD
NnGH92/1-766 2000000
Bt3990/1-736

Bt3990/1-736 e
Bt3130/1-715 Gh
Bt3965/1-756 GlF
SpGH92/1-694 cls
EfMan-I/1-713 s
NnGH92/1-766 NPV M E I Tl
NnGH92/1-766 00000000 0000 0= T _>M~_B_>

49

Bt3990/1-736

Bt3990/1-736
Bt3130/1-715
Bt3965/1-756
SpGH92/1-694
EfMan-I/1-713
NnGH92/1-766
NnGH92/1-766

TKA| EQKPDTFFTST ........... Y
KELSRKRLUDELFITVELPDDIPGA

Bt3990/1-736 TT TT

Bt3990/1-736 MENYAHG]
Bt3130/1-715 V[EOYAHG|
Bt3965/1-756  I[HAYWHG
SpGH92/1-694  F[HOIAIS
EfMan-I/1-713 F[EQLAIS
NnGH92/1-766 MEMYGHS
NnGH92/1-766 TT TT

Bt3990/1-736

Bt3990/1-736
Bt3130/1-715
Bt3965/1-756
SpGH92/1-694
EfMan-I/1-713
NnGH92/1-766
NnGH92/1-766

Bt3990/1-736

Bt3990/1-736
Bt3130/1-715
Bt3965/1-756
SpGH92/1-694

EfMan-I/1-713 EKHTAPYFTiQLLLNGGTLDJQL‘GI\/A]. .PQNTAERPFSLSTEK. 5
NnGH92/1-766 KAYAKT.;TLS‘A'JTAN(‘AVIDFEUGSK’ . KWGSGDQDILQSIT . cuvuseeensnssn
NnGH92/1-766 = —000 TT

Bss Bs6 16

Figure S2  Multiple sequence alignment of catalytic domains from 6 GH92 a-mannosidases with experimentally
determined structures. Secondary structure elements for 83990 (PDB 2WZS) and NnGH92 (PDB: 7NSN) are shown on top
and bottom of the alignment, respectively. The numbering is based on the sequence of Bt3990. The general acid (E533) and
Brenstead base (D644) are marked with a blue star whereas the residues driving specificity of a-1,2-mannosidase are
marked with a red star (W88, H584-E585). Identical residues are marked in white characters on a red background. Highly
similar residues are framed in a blue box. The alignment was created with MUSCLE algorithm (Edgar, 2004) and the figure

prepared using ESPript 3.0 web server with default parameters (Robert & Gouet, 2014).
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Figure S3  NnGH92 Michaelis-Menten kinetics on a-1,2-mannobiose and o-1,3-mannobiose. Each dot represents initial hydrolysis
rate measured at different concentrations of substrates. Mannose release was quantified by Megazyme International kit for D-mannose

assay kit using mannose standard curve. Solid lines for a-1,2-mannobiose represent a non-linear fit of Michaelis-Menten equation.
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Figure S4 Activity profile of the NuGH92 variants on 1.46 mM o-1,2-mannobiose dissolved in the assay buffer.
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Figure S5 Yeast a-mannan hydrolysis by NnGH92 (Eo = 0.13 pM), the GH76 endo-a-1,6-mannanase (Eo = 0.03 uM)
and the GH125 exo-0-1,6-mannosidase (Eo = 0.34 uM). The yeast a-mannan (So = 2.5 mg/mL) was dissolved in the assay.
The reaction was initiated by adding the enzymes in the order of t1=0 min (A), t2=180 min (B), t3=360 min (C), as shown
in the figure legend. The blank spaces under the corresponding letter indicate the addition of an equivalent volume of the

assay buffer. The extent of hydrolysis was followed by reducing sugar assay (PAHBAH).
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Figure S6 Residual activity of the NuGH92 variants towards yeast alpha-mannan. The enzymes (0.1 pM) were
incubated for Oh, 22h and 48h at 25°C. Then at each time point, enzymes were mixed with 2.5 g/ a-mannan in assay buffer
and incubated for 15 min. The enzyme activity was verified using reducing sugar assay (PAHBAH). No change in the

residual activity for each tested enzyme was observed.
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Figure S7  Activity profile of the NnGH92 variants (1 h, 37°C) on the yeast cell wall (60 g/L dry weight cell in assay

buffer) extracted from S. cerevisiae.
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Figure S8 Native affinity gel electrophoresis of the NuGH92 wild-type and variants. The enzymes were run in the
control gel (A) and in the gel with yeast a-mannan (B). The migration of the bands corresponding to the enzymes were
compared between two gels. The lane ‘control’ contained GH125 o-1,6-mannosidase used as a control protein due to it is

high molecular weight.

Table $1 Derived parameters from the binding isotherm of NnGH92 variants in Figure 6B.

The + values correspond to the error of non-linear fit of binding isotherm curves.

Fmax Ka Statistics
NnGH92 umol/g UM Adj. R-Square
wild-type 0.29 £ 0.02 2.74+0.42 0.99
AFHB 0.13+0.01 1.16 £ 0.48 0.91
AFHBCBM32 0.24£0.01 0.38£0.10 0.97
inactive 0.28 £ 0.04 0.47 £0.25 0.87
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