Supplementary Material

Discovery a new microbial origin cold-active neopullulanase capable for effective
conversion pullulan to panose
Meixing Wang">', Huizhen Hu>*', Buyu Zhang?, Yang Zheng?, Pan Wu?, Zhenghui

Lu? and Guimin Zhang*"

College of Life Science and Technology, Beijing University of Chemical Technology,
Beijing 100029, China

2State Key Laboratory of Biocatalysis and Enzyme Engineering, School of Life
Sciences, Hubei University, Wuhan, Hubei 430062, China

3Yunnan Province Engineering Research Center for Functional Flower Resources and
Industrialization, College of Landscape Architecture and Horticulture Sciences,
Southwest Forestry University, Kunming 650224, China

*Correspondence: zhangguimin@buct.edu.cn, zhangguiminé@hotmail.com; College
of Life Science and Technology, Beijing University of Chemical Technology, Beijing
100029, China

"These authors contributed equally to this study.



Table S1 HPLC-ELSD analysis of hydrolysis products from a-cyclodextrin, B-
cyclodextrin and y-cyclodextrin by Amy117.

Characteristic

Types Substrates Time (min) Maltose/Glucose
peak area
12.668 1517.200
a-cyclodextrin 2.584
23.542 3919.800
12.690 1561.100
Samples B-cyclodextrin 2.680
23.549 4184.400
12.603 1457.300
y-cyclodextrin 2.954
23.335 4305.500
Glucose 12.641 1531.500 /
Standards Maltose 22.729 3867.100 /

Maltotriose 37.723 2551.700 /




Table S2 Information of some reported enzymes that show high sequence homology with Amy117.

Reaction and products Identity
Name and Mol. | Opt.
Opt. (compare
GenBank Source Wt. | Temp H Reference i
p Pullulan Soluble starch Cyclodextrin wi
number (kDa) | (°C) y
Amy117)
Parageobacillus Maltose, glucose and
MAase o Kolcuogl et
caldoxylosiyticus 70 50 7.0 - - other 64%
(ACN79585.1) ) ) al. 2010
TK4 maltooligosaccarides
MAase Geobacillus 5.0- ] Mainly maltose and Mehta et al.
72.5 80 ND Mainly maltose 63%
(AFM43699.1) thermoleovorans 9.0 glucose 2013
Geobacillus
MAase BSMA . Glucose, ] . CHA et al.
stearothermophilus 70 55 6.0 Mainly maltose Mainly maltose 63%
(AAC46346.1) maltose, panose 1998
ET1
MAase ThMA
(AAC15072.1); | Thermus sp. strain Glucose, maltose and Kim et al.
68 60 6.0 maltose and glucose 62%
(PDB code: IM6501 maltose, panose glucose 1999
1SMA)
Geobacillus
NPase bsNpl ] Glucose, ] Cheong et
stearothermophilus 65 55 6.0 Mainly maltose Glucose, maltose 61%
(AAK15003.1) maltose, panose al. 2002
IMAG503
CDase AfCdal3 ) ) )
Anoxybacillus Mainly Glucose Mainly maltose and | Turner et al.
Amy98 . 73 55-60 | 6.0 Panose 63%
flavithermus and maltose Some glucose 2005

(AAX29991.1)




CDase Amy132
(ACA48225.1)

Environmental
DNA

69

50-65

Panose

Glucose, maltose,

maltotriose

Glucose, maltose,

maltotriose

Labes et al.
2008

61%




Table S3 Information of all other reported enzymes that producing panose as the only product from pullulan.

Reaction and products Identity
Mol. | Opt.
Name and GenBank Opt. (compare
Source Wt. | Temp ) Reference ]
number pH Pullulan Starch Cyclodextrin with
(kDa) | (°C)
Amy117)
CDase AfCdal3 ) ) )
Anoxybacillus Mainly Glucose Mainly maltose Turner et
Amy98 ) 73 55-60 6.0 Panose 63%
flavithermus and Maltose and Some glucose al. 2005
(AAX29991.1)
CDase Amy132 Environmental Glucose, maltose, | Glucose, maltose, | Labes et al.
69 | 50-65 - Panose . . 61%
(ACA48225.1) DNA maltotriose maltotriose 2008
NPase Lactobacillus Marilen et
70 37 6.0 Panose - - 45%
(AJT51278.1) mucosae LM1 al. 2016
a-amylase TVAII | Thermoactinomy ]
) Mizuno et
(BAA02473.1); ces vulgaris R- 64 5.5-6.0 Panose Maltose Maltose | 2004 42%
al.
(PDB code: 1J12) 47
Alicyclobacillus
NPase CdaA ) ) Matzke et
acidocaldarius 66 55 55 Panose - - 42%
(CAB40078.1) al. 2000
ATCC27009
CDase LsCdal3 Mainly Glucose ]
Laceyella Mainly maltose Turner et
Amy92 ) 69 55 6.0 Panose and 41%
sacchari and some glucose al. 2005
(AAX29990.1) maltose
NPase Amy29 Environmental Labes et al.
55 50-65 - Panose ND ND 40%
(ACA48224.1) DNA 2008




Paenibacillus

NPase Yebra et
polymyxa CECT 58 50 6.0 Panose - - 26%
(AAD05199.1) al. 1999
155
Ruminococcus
a-amylase Rbamy5 B Jung et al.
bromii ATCC 60 45 6.0 Panose Glucose, maltose | Glucose, maltose 21%
(SPE91476.1) 2019
27255
MAase CoMA Corallococcus Zhou et al.
60 50 7.0 Panose Maltose Maltose 18%
(AVC05420.1) sp. EGB 2018
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Figure S1. SDS-PAGE analysis of the recombinant Amy117 at each purification step.
Samples were resolved on 12% polyacrylamide gel and then stained with
Coomassie Blue R-250. Lane 1, purifi-cation Amyl117 after desalting; lane 2,
purified Amyl117 after Ni-affinity column chromatography; lane 3, cellular

proteins from the crude extract and Lane M, protein molecular weight markers.
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Figure S2. LC-MS on the hydrolytic product from pullulan of Amy117.
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Figure S3. The standard curve of the concentration of panose (the abscissa values) vs

the characteristic peak areas (ordinate values).



Amy117
AAX29991.1
ACA48225.1
AJT51278.1
BAA02473.1
CAB40078.1
AAX29990.1
ACA48224.
AADO5199.
SPE91476.
AVC05420.

e

Amy117

AAX29991.
ACR48225.
AJT51278.
BAR02473.
CAB40078.
AAX29990.
ACR48224.
AADO5199.
SPE91476.
AVC05420.

Amy117
ARX29991.1
ACA48225.1
AJT51278.1
BAR02473.1
CAB40078.1
AAX29990.1
ACA48224.1
AAD05199.1
SPE91476.1
AVC05420.1

Amy117

AAX29991.
ACR48225.
AJT51278.
BAR02473.
CAB40078.
AAX29990.
ACR48224.
AADO5199.
SPE91476.
AVCO05420.

FRERHEERR R

Amyl117

ARX29991.
ACR48225.
AJTS51278.
BARO2473.
CAB40078.
ARX29990.
ACA48224.
AADO5199.
SPE91476.
AVC05420.

FHRHEERRHRHERR

Amy117
ARX29991.1
ACA48225.1
AJT51278.1
BAAO2473.1
CAB40078.1
ARX29990.1
ACA48B224.1
AAD05199.1
SPE91476.1
AVC05420.1

Amy117

ARX29991.1
ACA48225.1
AJT51278.1
BAR02473.1
CAB40078.1
AAX29990.1
ACA48224.1
AADO5199.1
SPE91476.1
AVC05420.1

Amy117

ARX29991.1
ACA48225.1
AJT51278.1
BAR02473.1

AADO5199.1
SPE91476.1
AVC05420.1

1 10 20

-QKEAIYHRPKNEFAYAYN.ERDLHIRLKTKKDDVEEVELLYGDPYEWDKETG. . .WMFQTEKMMKTGSDDLFDYWF KE[L
MLKEAVYHRPTDQFAYAYD .DKTLHIRLRTKKSDVHAVSLLHGDPYCWEDRQ. .. .WQFTKTEMTKSGSDALFDYWWVA|T
MLKEAIYHRPKDGYAYASTMERTLHIRLRTKKDDVDAVFLLFGDPYVWEDGA. ..

30

a0 50

60 70 80
SPPFRR|LRYG
SPPYRR[LRYG
SWQFDEKPMQENGCDALFDYWFIAVIQPPYRR|LRYG

MNLAGIYHRPESEMAYLYT.KDVMHIRLKTAQDDITQVLLLHGDPYSLHSRPDLPKFYKHPTPMKKIHSDGVYDYWQAATIITEPKRR[LAYA

100

FRILRSKENE.CLTYTERGFYENSP

RHDSF Y (G[ED LIK{elV I|D] Y
TPDSVF(GEN LIR[ET VD[P Y )8

2

79

YRE
YKD
YKD
YAD
YKD
YWS
YRD
YRD
YHD
LDG

WF|
WE
WE|
WF|
WE|
WE|
WE
WE|
Y|
NA|

400

QTSD . v v vt vt et o e menss

I ==

VIKNEQ
TYEQET|
TYEDET
QLHHKQ

GQTKDGADKNIT]
.. .KETDGTE
ETGGGAGQADTPETHAF

SIKAF|IEQ

ASE[FDAE
EALDKDLAARSGLGRLESLGRLAFIHHR]

5
By

TVQDQH
GTGPHL
SWQGEN
GTESVV
SEGKET

G|IVLNNSDSWQN|
IAWVNARPEPWRAQ
YVYHNLSGEP VT

110 1

. .ADAGFYFCFPFLNEVD]
FFHEAFI...DDIAYYFCFEFLNRID[

20

==

ENENEN NN ]

KYYGS

LSAND
[ECGEN
QCGEQ
[VAHGD
SCGGEN
IRARGH

. .WEEPKYN
- IGDEPDV

KGEV
PTGG

IRLRHRLAS

ECSTER[VEKYV
VIAAPTRR|LKYA
ECTAKRLOYV

MLT
ILAGAMLIAGCV
RPLRGL[SILCS

P nOLOrEE W CHRAPIEEZ00H

IQIF [VMN ¥
Q| [VMN Y]
12 IVMN Y|
14 [VMN ¥,
G DIQ| [VMN Y|
1A [VMN ¥,
G DIQ| [VMN Y]
12 IVMN Y|
|s|s o|s|[- ENF
S|G|
TATVPG[GDIE|
4
.EDL| L
-KEK 1
- KEK[VEKLMF]|
< AALVRQTIL|
-.EAK[FRLA[
L VES[ 1
-EERFRL A[
. VER]
- VREAKLA
GLSSQKLA|
.GAK[LGLA
QILRTQSEA DLTFVPTNLASPLL[S
I[SILRRKYRS GELHFLETNDETNHLWV

KQYRA
QENWQ)

IGEFHVLEANDETNHIRA
GMLSLAALPDDQ.GIV
NVRSWHADKQANLYA
TMEIRDANSGVLHYV
GSFRTWLADPGSPVYRA
RYQYLYGQDGHLAFA
LEPIQAGS. .ASVTA
IVGTQGFDDKTVGA|Y
LRLFTATTGMSRTLA

KL

WLERTHP A
IRIIRRSCAP
KILR[RL VAP
RILRIEEHE A
ITIT K[NQNP E|
HARQGSE A|

oo oo o et

DGEFHNQ. . ...
I VLV

IPIUHGIWSR . GERAVD LV

M mmome x| m

IR

H|

R
VIE|YED S K L|L
ETLGDE QO]

- VII[P|AlY S 5

S|IGREGRCVGGYLEGGGLEPIFSLAVIWRVQG. . . .
L KDRDKE . KREVVFST|SKDAKVRKET. .. I
I|THNF|SKNDAKE|L
LIV IHNF STAQES[Y

EJFDVEAT . TAEPLFLDS|GVAPLSGGTGAWKTSLIPARSTIGIWRLR . . . . .



Figure S4. Sequence alignment of Amy17 from Bacillus pseudofirmus 703 with other
neopullulanases that producing panose as the only product from pullulan. Numbers on
the left are the positions of the first amino acids in each line. The listed sequences
include the NPase Amy98 from A. flavithermus (AAX29991.1, 63%), MAase from a
Thermus strain (ThMA), NPase Amy132 from environmental DNA (ACA48225.1,
61%), NPase from Lactobacillus mucosae LM1 (AJT51278.1, 45%), a-amylase TVAII
from Thermoactinomyces vulgaris R-47 (PDB: 1IWZM_A, 42%), NPase CdaA from
Alicyclobacillus acidocaldarius ATCC27009 (CAB40078.1, 42%), CDase LsCdal3
Amy92 from Laceyella sacchari (AAX29990.1, 41%), NPase Amy29 from
environmental DNA (ACA48224.1, 40%), NPase from Paenibacillus polymyxa CECT
155 (AADO05199.1, 26%), a-amylase Rbamy5 from Ruminococcus bromii ATCC
27255 (SPE91476.1, 21%), MAase CoMA from Corallococcus sp. EGB (AVC05420.1,
18%). The catalytic triads (DED) are marked with the diamonds.
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Figure S5. The reaction from pullulan to panose. Amyl117 cleave a-1, 4-linkages of
pullulan to produce panose. Green bond is the a-1, 4 glycosidic bond, red bond is the

a-1, 6 glycosidic bond.



