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SUMMARY

I. Title : Development of saccharification enzymes for bioenergy production from agricultural

byproducts

II. Purpose and Needs

<Purpose>

As a core technology for the conversion of some agricultural byproducts into a cellulosic
bioethanol, this projects developed industrial enzymes from insect resources as well as

environmentally friendly bio-process for the pre-treatment of the biomass.

<Needs>

- For the implementation of the Convention on Climate Change, we developed a technology for the

production of bio-energy and some saccharification enzymes for the development of environmentally

friendly processes.

- Development of appropriate technologies to utilize non-food agricultural by-products in the
domestic environment.

- To take advantage of 2nd-generation cellulosic biomass technology, it has been required to screen
some new enzyme resources for the saccharification of the biomass.

- A new bio-process involving enzyme technology to resolve the bio-recalcitrance (hard to

hydrolysis of cellulosic material).

III. Research scope and contents

<Saccharification enzymes from biodiversity>

- Consideration of habitat and feeding behavior, local indigenous resources including insects were
used.

- New family of cellulase/xylanase gene were screened out from the biodiversity resources using
DNA walking, nested PCR and specially designed PCR primer set which was based on the
N-termanal amino acid sequence information.

- Expression vector pET-28a(+) and on-column renaturation methods were introduced to make high
yield of expression and purification of the enzymes.

- Enzyme was purified sequencially on FPLC column chromatography (ion exchange, gel

permeation and Ni-His tag column).

<Expression and production>
- Shuttle vector system was applied to make industrial strain from Bacillus subtilis.

- (Joint research) Heterologous expression in Saccharomyces sp., or Pichia sp. to make
overexpression recombinants.

- Expression of exogenous gene in the form of multi-cassette chromosome using chromosome

_5_



splitting technique

- (Joint research) Optimization of the enzyme production in bioreactor

<Pretreatment of agricultural by products and saccharification process>
- Pretreatment of corn stover and rice straw that was easily collectable in Korea.
- Simultaneous utilization of C5 and C6 sugar by the enzyme cocktail.

- Mass balance establishment for whole process of saccharification from biomass to bioethanol.

IV. Results

<Research excellence and difference>

- Insect and biodiversity originated enzyme work is a very specialized part in Korea. Insect

symbiotic microorganism and its enzyme gene is known to show high potency in the biomass
treatment. This study was focused on the development of a new bio-process in biomass
hydrolysis. The resulting process and enzymes will show great potential in 2nd-generation

bioenergy and related bio-industry.

<Representative performance>

- A new xylanase having new active enzyme domain that was produced from Cellulosimicrobium
strain HY-13 (Application Number : 10-2011-0146600) ; The gene (2,304-bp) encoding a novel
xylanolytic enzyme (XylK2) with a catalytic domain, which is 70% identical to that of
Cellulomonas flavigena DSM 20109 GH6 [3-1,4-cellobiohydrolase, was identified from an
earthworm (Eisenia fetida)-symbiotic bacterium, Cellulosimicrobium sp. strain HY-13. The
enzyme consisted of an N-terminal catalytic GH6-like domain, a fibronectin type 3 (Fn3)
domain, and a C-terminal carbohydrate-binding module 2 (CBM 2).

- A new alkali-tolerant GH family 10 xylanase from Mycobacterium strain HY-17 (Application
Number : 10-2013-0098776) ; The gene (1167-bp) encoding a novel glycoside hydrolase (GH),
which catalyzes the depolymerization of diverse (3-1,4-xylans, was identified from a Gryllotalpa
orientalis gut bacterium, Microbacterium trichothecenolyticum HY-17. The enzyme (XylH) was
made of a single catalytic domain, which is 74% identical to that of Isoptericola variabilis 225
GHI10 endo-{3-1,4-xylanase that has not yet been characterized. The molecular mass and pl of
XylH were predicted to be 41,584 Da and 4.84, respectively. When reacted with xylosic
substrates, the enzyme displayed the highest hydrolytic activity at 60oC and pH 9.0 and retained

over 75% of its maximum activity within a broad pH range of 5.0-10.0 for 1 h.

. Plan for Industrialization
- Technology transfer to a Company specializing in enzyme (InsectBiotech Co. Ltd) to develop
industrial enzyme products.

- Development of multi-enzyme formulation.
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Fig. 1. Feedstocks for bioenergy (&3 : Novozymes report)
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Fig. 2. AAA w33 dL4AA7 v x-g nlo]erjx 299 £4 (Build a biomass energy
market. Nature, Feb. 2013)
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Table 1. Composition of feedstock biomass

Feedstock Cellulose (%) Hemicellulose (%) Lignin (%)
Corn stover 36.4 22.6 16.6
Rice straw 38.2 24.7 234
Wheat straw 34.2 24.5 234
Switchgrass 31.0 24.4 17.6
Poplar 49.9 20.4 18.1
Z%] : “Biomass Feedstock Resource and Composition. 105. Tayler and Francis (1996)

Pretreatment

Goal: Make cellulose more accessible to
enzymatic breakdown (hydrolysis)

and solubilize hemicellulose sugars

i3
¢

Lignin

Cellulose

Pretreatment_

V

Cellulose exists within a matrix of other polymers, primarily
hemicellulose and lignin. Pretreatment of biomass with heat,
enzymes, or acids removes these polymers from the cellulose
core before hydrolysis.

Pretreatment, one of the most expensive processing steps, has

great potential for improvement through R&D.
N. Mosier et al. 2005. °F

“Bioresource
Reprinted with permission from Elsevier.]

) 673-86.
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(lignocellulose)
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o] BEG SFALTE o] E87]dw Aikgpge] E53 wEkA, 30~50%=
C6(hexose)2} 20~25%2] CS(pentose)% 25 o]&37] 935le] cellulase,

xylanase, xylosidase o] H Q3

O wapa, 2

i

AolNE 4AE

ol

A3 gEARozRE b

Ase AAEY B2AAE Pelstel vARY ORAE ExAo
AT Aol 240748 S AA

_12_

] faAe diAe s 9w

hemicellolase S /‘g



A2 e Jlet 3%
A1 E s Terid d%

LAY S Eae) AL 3

H e Bad #¥E dwE APPITE SA7]eS Hlge &, chemical ALE-
#73oA biological AHEFF e 7 HAF WS 37| W, WS HA8TE Aol
A E5AE olgdty] A% B A=t AR S 1€ EhdA T4 HYE

1

kg Brtolyw), KT} A2oA QA E ¢HEF BAZ 9
AQUAE HA4gleld CO, TS ZHaA

upebA], B4l AMYA o] g4 o]
A7l Es] PEa gl

Bio-E Aol olxe] Ag-olE, 7159 1A vte] oA oA EAAIFIH, AR
Tt L5492 cellulose Al 9] biomassE AAMA ] E7F A 2ilid ddS
TS AT, 2A4 Hloledvxe] g ®Ae LS Bl dEEA
hemicellulose Al € 2] biomassZ ©]-835}7] 93+ xylanase, mannanase 5] &2 7dto] HQ

AR o T ZIFA CO2 gas 73
A

= /'\\_]_— =
A% 71x71eS GRatn Al REEE 549 AES B o84 TUlE

Development ] [ ]
[ Usage ] [ Tiahds Expected Effect

Technical E Starch process 2nd Generation materials ~ .
ErLanicalis Bio-E process Hemicellulogic feed stock IBIOCDHV?I’SIOI‘! cal
(Bio-E) (2% Generation materials) Cobs, leaves, husk, chips IO D L

Textile, leather, pulp More performance 4 15510
DEtazgentEnzne Detergent Low-temperature W i
R lity o
= Bread, wine, juice, beer Qua Quality enhance
Food industry For trans-fat-free oil :'iee"lf:rma""’ More efficiency
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2. Bpo] QoA okl Ale] Qg A AR

AMA & AAQ FEE 20108 71& 589 D]z 1 FdA]  carbohydrolase”}
36.6%E 2ASFL Ut} (Freedonia Group. Inc., 2011) E3] AgG8 G249
carbohydrolase A] &2 20101 1.7¢] E2]2 1 S|4 Biofuelg &AA|F o] 4,8507F 2
o] #EE IS IS

upo] @ AU A8 HAAIF-Z 20008 55 F58] gkl 202004 8,700%F 2] Ao
2 AFE Bom JaEN e

E38] 24t ol A ARdel SlelAle] A B ERE SUkEa Sle
Novozymes Alo} 22 ThmAd 7199 ofAlolx o] gt nlo] Qo A8 EAAR
3 Ffrgol =L Sle

o,
o
Table 2. World enzyme demand

(£H2] : milion dollars)

2000 2005 2010 2015 @ 2020

World Enzyme Demand 2,625 3,830 5,750 7,980 11,250 e World enzyme 5.8billion $
Carbohydrolase 845 1,292 2,107 2,820 4,000 e Carbohydrolase 36.6%
Protease 975 1,260 1,675 2,200 2,850
Polymerase & MNuclease 360 525 815 1,285 1,940
Lipase 130 185 255 350 470
Other Enzymes 315 568 898 1,325 1,990

(The Freedonia Group. Inc., 2011)

Table 3. World carbohydrolase demand

(2] : milion dollars)

2000 2005 2010 2015 2020

Industrial Carbohydrolase 675 990 1,669 2,217 3,181 e World carbohydrolase
Food & Beverage 202 337 585 870 1,240  1.7billion $
Biofuel Production 71 163 485 595 870 e Animal feed & Biofuel
Animal Feed 60 119 153 225 335  productio
Cleaning product 81 116 167 215 285 — Cellulases (cellulase, xylanase,

Other Industrial 261 255 279 312 451 9Mucanase)

(The Freedonia Group. Inc., 2011)

2. 24 nlolofghe A4S % EhA L A
=7 719¢l NovozymesAlE cellulosic bioethanol YAHE- EAE 483617 980<]
200613 2-E] Cellucalst, Novozyme 188 &AZ o3l 7] A|ZAEH 0w, B2 feedstock
biomassE &-8-5} 7] 95k A =0 =2 Cellic /\]E]XA A ZS NEEl7] Al A
20093 2-E] pilot scaleo] Z-8-3}7] A& Cellic Al#]=+E cellulose biomassg CTec¥
hemicellulose biomass-8 HTec F7}A| =2 FRSlo] AL359-S. &A] 34 th Cellic Alg]=¢<l
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Fig. 5. The path Novozymes to production of cellulosic bioenergy
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3 AeAgozrE &4, ¢4, 718 5ol oA AR mAEAYS g
stal, Mgd, WAkl S48 EFo R okt AEeA/AdeiA 24 253/
g#AEE vAES 2 B9, 5 Ve Y Y AR 23 siel, A
T, AT R BT 230l FE THF/FAEAFEEESE FAUAEY B, 4, 54
B4 8 dApzle] BAfsta gl =R A know-hows ©]-§-3

¥t hemicellulase®] 21 FA), 54773 2 Az &x

t}eksl family2] cellulase/xylanase 725 DNA walking®} nested PCRY (PCR3 1] i
primer ©]-§ 1% A4 F)g olgst] W= {7 cloning AV & EHEH &
24~9] N-terminal amino acid sequenceZ 7]Wlo 2 | Z}3F PCR primer sets2- o83 A1
A7 pools &R

Cellulase/xylanase®] &-82 AAZS Qs &4 gene2 WM E| Q] pET-28a(+) vector
2 cloning & ZHolw, thak W His-tagged xylanase= inclusion body2] on-column
renaturation & o &3 FAAAL Ex Bl Y= £EH AXF BAE A7 A
Al o]-8-3+

BHE &40 A= FPLC systemE o]-83}e] T}U3 column chromatography (ion
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exchange column, gel permeation column, @ Ni-His tag column)
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S5 9 o FUTAEE DE/E N6 40 0mesh

Abelel mEAAY Ag SR (EHY A,
o FHRALES] F2], @3 A |NaOH, dlge Ad) 8 &8,
g A M - #3Rd AAD g 5k AZE 53 FE AN
° J_/\],
=
o =7, Sy HATY AEY xa | PEe] Y xder b B 1% NaCH €24
£ o] &% Hlolovx R A F &4 AgellA Bde F3 g9l
Zat & A" AL A4S B3 1% NaOH
o AAT FAHE T Lol wpe] [Ae & TV HH =09E 2 .(control A
2 |22 mass balance HE 780,
vl uj A2 RE E4F ol §3 A=ty HAAF
232 g1 2 lab-scale 34 +H
ZHY  FEs g8d £ dr TF
o Xylanase, mamanaseS S5 (Cellullszmlcroblum sp) Z W o] 2EH AMikstE §
, 5 57 e y T a2
ozny o Asea ANEE B E] AZ g Ao 3 & (endo-B-1,4-mannanase) &
1] .
@l 3 gene cloning endo-B-1,4-mannanase®| &4TH EA 24
SRR DS
o Hu FrEny e 44 2 (]I;ocust bean gumell 7,100 [U/mgoll w3 v &4,
oy 4 £ 50, pH 7.0)
e e - ZadE BA 24E& B 3ESUEY 2EE
% 7hsd Fal
=1 E=S 23 §AAMAS
SRS GRS RLAEE W ggunez ewsl A% 4dY ¢
A’y o . 5 - =
_ . |fermentationg F3 W& A =4 FE
e Scale-up 7|&€ °|&% U=kt = = . =
2 A3 7Hm2 - NHLEEE 0] 8T scaleup B AAFTH AP
e Pichia sp. #5F& ©] 4% &4 9 |Bacillus sp. 5 2 Cellulosimicrobium sp. o5
#4 vector construction Y xylanase?] AEF LHL K¢ EF  Phichia

¢ SDS-PAGE  analysis %
red & o] 8% E4 2d &4 A5

pastoris & ZR|LHEAE Alxdl T35

AE "oz Bilzle ANxY FF Phichia pastoris
gn

ol

e JZE host A 2 Axd F
gavs 74
e Signal sequence £ ©o| &% A
od g AE

ER  host  Saccharomyces  cerevisiae(SEY2102,
FY833)e 2+d #e (pGMF-xylp, pG-xvylp) 7%
2% %5 2 44¥ signal sequencedl tHE HH 2@
Al FA} (SEY2102, / MFa signal sequence)




24
SAS
(2011

~2012)

«E5 3gozve AT Faa
2o fAAE I
eBAFFERY e A4 2
=4 77

A

FHFozRY dvdEeA A FF

&

o

o

T xylanase, mannanase 3 3te] ZF 2y
9

TFEEREH 5o A 3 54 HE

o

©
8
=
s8]
o
>
<
g8
N
4
He
=(I)L_4‘
i
ot
o

=83 AA=2] #4 : chipping, milling, seiving
3teha AAE F4 @ 1.5% NaOH, 121T, 30 &
Rl

20
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22 2% glucan, xylan 7HEEHE 25

¢ 7|88 over expression TFY
jar fermentor el A ¢l Wi wix]

Jar fermentatione 3% ¥&

cEE AUY ARE HF A4S
ma U FH Y

g Ees o] 8% scaleup B AA FAH A

¢ Genomic engineering= 3% 3}
i gANEs 3=

2]

A2 host stran A8 2 B wle Alx
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st

2R FAASRSE &85 2 colony PCR S o] &3
gene level &<l

AR Y9 signal sequence % EITFE signal
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. At 238 4 (cellulase,
xylanase, mannanase %) %7} &3
o EIYTFERE EhY AHA H

o 333 FabEe AEEA
e TPFE AAT FAHA o
mass balance 4

2aEe LC 48 53 C5, C6 4
Az =3 TAHNH 9 mass balance £

¢ Jar fermentorg ©|§3% AAT = | AAT ZIES o] 8T Jar fermentation ¥ &FE
9] saccharification ¥ <¢ZE4 FE A
e Ea ZHY AZXE A3 S | AUE Bh dFAL WA 28 HE
Ea AL Y A A EaA ke 9T AA A AL
7185 WelFE 4% multi cassette insertion &
ol fAAY ERE &% FH | & HE
ud g HE frAb @5 fushion 7|H& ¢4 4534 =9 3
¢ Cell fushiong 5% Axd IdF | E
N HE HE A 2E B old xRt FARA Aad
HE




A3 d d7dn

L sHRAE 08753 Jotas iz
7}, Cellulosimicrobium sp. HY-13 3 25-E] endo-xylanase -@]— 2 B4 BA
BHZEE XY o|(Eisenia fetida) R HE FHRAE §%@2§ el = = &
A5 Aaele Ay 2ANAAES 2asly] 98l 0.3% Azo-xylan, 0.3% Azo-mannan o)
¥l o] 9)\% R2A agar (Scharlau Chemie S.A.) B R|¢] X|Fo]2o] FHEE L Tosle] 2
5 8 h E¢F wjgFsle] 1AL 3w ‘“EE}Zﬂ% Arete AdS FEIACHFig
Al BE5S Hole nAES AWM Aol 4
Hoeg £& Biss Wole #FE %Elé}i’ii, EaFFZHE genomic DNAZ
s}o] Zu]¥ PCR primer libraryES ¥-83F PCRE 43 5lo] z}z}9] DNA sequenceE
9k o]2A dolzl to]E]E gene banko| 4] hemicellulase gene® = 3 1E T3
Asiel 77 A }910111 Fegel 28¢ & e Anass Be
4% Fudg & A olZA AR FF FPAoR Bgo] 715 ALR Ho
F 16S rDNA Hﬁ%ﬂ# a3 Fe Cellulosimicrobium 49 %8l AlPER &
= B3 4 e B4 Jehigth. wss g8
Aew AztEe) Gud WAL 9 AL bl e

>

mlm e 4>«

Jo
)
e VI« R = YD S R 1 AR R R

r1r

o, xylan & mannang-
4 e 2gel e
2 AWt

R o] Sl Eisenia fetida®) o 2XE ET]% HY-13¢] 4| MA xylanase?l XylK2E 1=
Jat= FHAE XylKl F22+9] upstream region® 2 H-E] wl-E-F DNA walking @ nested
PCRY & ol &3] 29 stHlen, & 247 XylK2e] ofn|=qt 42 Fig 307 25 &
AFA g r3E XylK2 @ A2 protein blast survey Z3} N-terminus regiono]] GH6-like
domain®} Fn3 domain % C-terminus regione]] CBM 2 domain®. & <4 %F modular enzyme
ojglen, B whlAe 2304-bpe] XylK2 gene 2HE] WHEE oz LGS S+,
XylK2¢] A7144 £ Ax £ &4hs 76709 olulmitoz A glon, 79,611
Da9] T2}t 4379 plg 7IAE 3oz HUESNS. B3 XylK2 frHxte] F2EA 2
7} XylK2¢] catalytic domain Cellulomonas flavigena DSM 20109 [3-1,4-cellobiohydrolase 2]
catalytic domain® 7} E& 70%9] oln|mAk AEA Holz o= vEigen, MA &
WA w=H|el F2= Cellulomonas fimi®] GH6 exo-[3-1,4-cellobiohydrolase (AAC36898)2]
= 7z 71 fAE Aoz BEAEL. ¥, XylK2 W catalytic domaine] A|-%-8}
A BMAI B Go0E 7149 JeRE] Al inverting 71248 Al8-3}= GH6 enzymeso| &
ERo =z JAE FZ29 FASE GH6-like domaing 7}A& A Oi ﬁ7]—§4 Qo) Eoldf
A XylK2 §4-9] 739 Ald A8 2 B A7E £ 7129 7F4EE v-2 Al retaining
S o] &3} E xylanase?lo] FHEHAL oz AHAO = GH6 fam11y01 £33 aAhE
2 & 930 (Fig. 6).

i xaozi
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microbium

XylK29] &A%t EA gL

TVIRYS SWNTHFTGT EH
O DM TIKIIT| DKP

NGwTSFAD
TANK ARG TVESET
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Alignment of the deduced amino acid sequence of [3-1,4-xylanase from Cellulosi-

sp. strain HY-13 with those of other structurally related GH6 enzymes.

3 catalytic domain®l GH6-like domain F-E-& A&z

O 2 E colio)x 9] pET-28a(+) vectorZ o]-&3] =3 A|Z oo

Fn3-CBM 2% HisTrapTM HP Z#H &
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DEAE FF Z#2 o] &3l] AAstge. AAE XylK2AFn3-CBM 2= SDS-PAGE EA]
¥ ©F 447 kDa®] TAFE E‘i’iolﬂ (Fig. 7), pH 6.07 45Cel|x HALH & 144%1
pH 5-9 AloleA] HlmA ¢Fgstgem, 45Ce) 1 h =&d dolx °F 60% ]J?J?&

4g Udeiglet (Fig 8).

m&.‘llﬂ m

Fig. 7. SDS-PAGE of the purified XylK2AFn3-CBM 2. Lane S, standard marker proteins; lane

1, proteins from inclusion bodies; lane 2, purified recombinant enzyme.
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a) b)
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Relative activity (%)
Relative activity {%}
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c) d)
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Residual activity (%)
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3 4 5 & 7 a g w1 a0 35 40 45 50 55 &0
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Fig. 8. Effects of pH (a) and temperature (b) on the [3-1,4-xylanase activity of XylK2AFn3-
CBM 2 and effects of pH (c) and temperature (d) on the stability of XylK2AFn3-CBM 2.
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HPLC #4143 XylK2AFn3-CBM 2% cellooligosaccharidest A3 E3E E3e AL
2 #7151l o1}, xylotriose (X3), xylotetraose (X4), @ birchwood xylane &-g&7 0 = 3

e Aoz Felxgle (Fig. 4). AR 2 = birchwood xylane] 73-9- XylK2AFn3-CBM 2
ol &l X2 (59.2%)¢F X3 (40.8%)E EIfFyow, X3¢ X4= 27 X2 (33.6%) + X3
(66.4%) 2 X2 (21.5%) + X3 (45.3%) + X4 (332%)% BF=Qe. 27} X1 7Hrs)
AEE AEHA o2 B F4E endo typed] EAFTAT X AL FAsHTh

38
100 7 (ﬂ)
n 47
50 o
g o -
g 10:))— £
2 ] (b)
3 i
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Fig. 9. LC-MS analysis of the degradation products of xylosic materials: (a) total ion
chromatogram of the degradation products of birchwood xylan; (b) total ion chromatogram of the
degradation products of xylotriose; (c) total ion chromatogram of the degradation products of
xylotetraose; (d) mass spectrum of a peak with a retention time of 3.8 min; (¢) mass spectrum
of a peak with a retention time of 4.7 min; (f) mass spectrum of a peak with a retention time
of 5.7 min. Peaks with a retention time of 3.8, 4.7, and 5.7 min were originated from xylobiose

(X2), xylotriose (X3), and xylotetraose (X4), respectively.
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XylK2AFn3-CBM 2+ xylan polysaccharides 5 oat spelt xyland]] 3] 713 =& w4
(109.2 IU/mg)S 1}elfilem, PNP-cellobiosideo] wsjA= =m-¢- =2 n]&A41(788.3
IU/mg)S H-2 (Table 4). 221} glucose-based polysaccharides, PNP-glucopyranoside PNP-
xylopyranoside, PNP-mannopyranoside, & cellooligosaccharides= 2= EAHS 1}

=
glo=zn B ait 2329 endo-B-1,4-xylanased L & 4 3]

U[o 9,1’4

pil

Table 4. Hydrolysis activity of XylK2AFn3-CBM 2 for different substrates

Substrate Specific activity (IU mg'])
Birchwood xylan 100.0 £ 1.2

Beechwood xylan 90.8 + 1.7

Oat spelt xylan 1092 £ 23

Soluble starch ND °
Carboxymethylcellulose ND

PNP-cellobioside 7883 £ 9.8
PNP-glucopyranoside ND
PNP-xylopyranoside ND
PNP-mannopyranoside ND

v}, Cellulosimicrobium sp. HY-13 &3 Z3-B] endo-mannanase 3}5 = EA 2 A

Eg® HY-137F -+ 9 endo-B-1,4-mannanase(ManK)= GH5 familyZ encodingd}=
ManH ##1#}2 GHS family 7ol conserved Eogls H-91<1 VDAPNW2 GWSWSGN-L-
a2 PCR primers (upstream primer: 5’-GTCGACGCSCCGAACTGG-3’; downstream
primer: 5’-GTTGCCCGACCACGACCAGC-3> & A &3l genomic walking® nested PCRH
S ol g3 F2Yden, #d AR 971442 Fig. 63 2t} EE, ManK A
e 1,272-bpE FAE o] Jom, 42379 olmmAto gz pAE 4619 plghs zke ok
43.7 kDa2] &4 8 encodingsle Aoz BAH T

Protein blast survey Z¥} ManK+= GHS5 catalytic domain o]&]e]] C-Zihe]] 2719 L=
CBM 10 domains& 7}XE Ao = e on, GHS domain®] 73-$ Micromonospora sp.
ATCC 39149 B-1,4-mannosidase?] GHS domain®} 7}% =& 65%9] AE5AL RS &4 4
AU (Fig. 10).
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EE‘f‘D Eiep e LELhII

G¥[EYCASASE-DPDEDGEH
W oPT TR TGRC-ATYTTVE
DGDGR CBM 10

Csp 359 [ESSASCY § 2
Mep 370 QQOGGROCH
Ssp 470
Sco 34
sli 359
Csp 41¢
Msp 430
ssp 527
Sco 380
sli 397
1 ATGAGACEACTGTTCGCCATCEICCTEEECGCEEIGCTCECCTIECICGCCETECCEECE 60
M RR L FAIVDILGAVYDLALTELATYTERA
&1 CTCGCECAGGEEGCEAGCEICECEAGCEACEEETICT TCTAC 120
L A QG A S'Dh G F 5 ¥V 0DG6R I Y
121 GACGCGRACGECAACCECTICGTGCCEETCGECET! GCGCACGCCTEET G 180

D ANGNRETYPV GV NUHAHEZALAWTYE

181 TCECAGACGCAGTCCTTCGCCGRCATCCGCGECCGOCEECECEARCACCGTICCECGICETE 240

S Q@ T QS P A D I RA AG A NTVRY ¥

241 CTGTCGGECEECCEETACCEERACEACCTCEECEECCEACETCACCECCETEETCEAGCES 300
L S 6 G R Y G s A A DV S AV E R

301 TECAAGCAGAACCAGCTCGTGTGCATCCTCGAGAA \CGGECTACGECEAG 360
C R QNQLVCITELTEHN I Sl P o ]

361 GACGECAGCGLCCEGTCOCTCGCGACCECEECECAGTACTECACCAGCATCACGTCEETC 420
DG S ARSLASARAGOQTYHMMTS IASV

421 CTGCECGECCAGGAGCEETACGTEATEAT TCGECAACEGAGCCCTTCEECAACTCC 480
LR GQOER Y VMIDNTIGMNTETEFTG NS

481 GECTTCCAGAGCTOGACGACGEACACGATCGCEGIGATCCEEACCCTECECECGECEEEC 540

G F QS WTTDTTIAALTRTTELH RUALGE

541 CTCGACCACACGCTCGTCGTGGACGCCCCCGAAC TEGEGACAGEACTGETCETTCACCATG

L D ET L V Pl c ¢ 0D W 5 F T M

601 CGCGACRACGCCCCGACGETCECEECCECEEACGEGARCETEETCTICTCCETCCACATE 660

R DNAZPTVAAADTGNTYVTVF S

661 TACGECGTCTTCEA GEGECEEAGGTECECECETACCTCEACTCCTTCACGAGCCER 720
Y 6 VF DT GAE R Ay M T M S F P g R

721 GEGCTECCEATCATGETCEGCGAGTTCOET GACARC CACTCEGACGEEAACCCGEACEAG T80
G L P I MY GETFGDUNIBEHESTDGNTP?DE

81 GCCACGATCATGAGCTACACGCGETCECAGGEEATCGEEATECTCEET

A T I M3 ¥TRSQGIGMILH

841 GECAACGEGGECEECETCEACTACCTEEACATGETGARCEEETTCTCCECEAGCTCECTC 200

€6 6 ¥ E Y L DMV N G F § g s

901 ACGCCETEEEEECAGCEETTCET! GECECCERACEEECTCACEECCCE coe
T P WG OQRFVHGADGTLRARDNAZAPER

961 GCGGCCTCGETETACGEEEEC GACGECEECGATGEAGACEECEEAGCCEETACGECACCT 1020
A A S Y YGEL6DEGDEDE G AGTAE

1021 RACGECTACCCETACTGCECGAGCECGTCATCEEACCCCEACEECEACED

W G ¥ P..¥Y ¢ A S S D PO GD GW

1081 GAGAGCAGCGCGICETECETGET GCECEECTCCTCCECEREA

E'S 5 A 5 CV VR G S S5 L D =

1141 TCCGEGAGCGEGAGCACGECACCGRACCEETACCCETACTECGCGAGCECETCETCAEAC 1200

1140

5 G S G5 T A PNGTYEP Y CHAESAS S D

1201 CCGGACGGGGACGEETEEEECTEEEA \GCECCTCETECET CETECECEECTCETCC 1260
P DGDGWEGWETSSAS ST CTYVYTVRGEGS S

1261 GCCGACCGCTGA 1320

A DR ¥

Fig. 10. Nucleotide sequence of the gene encoding ManK and the alignment of the deduced
amino acid sequence of ManK with those of other GHS families.
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AAATE T3] 71 &RS xylanasedt T/ FIE A% wE B4 AHLE A% &
A9 G409 FRE 9F HY-13 #F oA mannanase &40 st EAS BASHT)
HY-1373F7} A Akt locust bean gum (LBG) 3] 491 endo-B3-1,4-mannanase (ManK)Z
ammonium sulfate precipitation (80% saturation), anion exchange chromatography, = gel
permeation chromatographyE 53] 2], AA| st EAL FHEATt. A F ManKs <k
36 kDas] BAFE Zhe EAROH FARA (activity staining e 3 FAE Ao
LBG Eal&4S #elslsdrt (Fig. 11). ManKE pH 7.0914 718 & @48 ngon,
pH 6.0-9.0 Atelol Al HlwA ¢Hg Aoz Fl=gict. TS 50CAA kg wf ManK
= LBGE 713 &grRo= RasHen], 50CHA half lifee ¢k 1 h o]t} (Fig. 12,
13). Xylanases} w}27}x] 2 ManK%= Hg® ¢} bromosuccinimideol] 23] 100% &A= a2 wt
gto 1} TFE  divalent cations, sulfydryl reagents, metal chelating agent, ® non-ionic
detergentsef] ©Jg 4o} T F A A= H ket

4

Fig. 11. SDS-PAGE of the purified ManK. Lane S, standard marker proteins; lane 1, proteins

kKDa S

1 2 3
60— &
50—
40—
30—

25— -

20—

15— e

10— —

after 80% ammonium sulfate precipitation; lane 2, concentrated proteins after anion exchange
chromatography on HiPrepTM 16/10 DEAE FF; lane 3, concentrated proteins after gel permeation
chromatography on HiLoad™ 26/60 SuperdexTM 200pg; lane4, activity staining of the purified
ManK with Congo red.
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Fig. 12. Effects of pH on the catalytic activity (a) and the stability (b) of ManK.
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Fig. 13. Effects of temperature on the catalytic activity (a) and the stability (b) of ManK.

71 Bi® &A4el HE] ManKE Table 6] R4zl npe} o] 3 4 olejo] t
2 F7}# <9l carbohydrolase #41S 7Fx|x] 49tom, LBGel thall ¢k 7,100 IU/mg o]4k9]
S we MEHL A DBy B Ao FAN Bebd B ErE $F 5
Ppuze PE AT 487 AA2A AY e A 2 oz
ManK+= Avicel, lignin, PHB, (3-cyclodextrin, @ ivory nut mannandl] 7}s}A 2
%}

-

48 B o1}, chitin, chitosan, (3-1,3-glucan, & insoluble oat spelt xylanof+=
€ A4S eI (Table 6).
olgfgt BAL V& RuE AAe A%s TEHE E40E MankKrh 2lite] B4
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ol8 AJAST}E. TLC 4143 ManK+= LBG, mannotetraose (M4), 2 mannopentaose (M5)
F840 2 BHaPoL M9k M3E Baad Zaks E42 Rt (Fig 10) £3)
ManKof| ¢J&] M2¢} M4E EIE= A4S vteiles, Mdg Ms=

ManKel] o)af] Z+zF M2, M3, & M4g} M2, M3, M4, 2 M= &35t}

Table 5. Effects of metal ions (1 mM) and chemical reagents (5 mM) on ManK activity

Compound Relative activity (%)
None 100
HgCly 0
CaClz 107.6
NiSO, 107.5
CuCly 98.1
ZnS04 107.9
MgS0, 99.1
MnCl, 108.4
SnCly 106.8
BaCls 99.7
CoClg 108.6
FeSO, 110.8
N—Bromosuccinimide 0
Iodoacetamide 98.5
Sodium azide 103.1
N—Ethylmaleimide 101.8
EDTA 95.9
Tween 80 (0.5%) 105.1
Triton X=100  (0.5%) 109.4

Table 6. Hydrolysis activity of ManK for different substrates

Substrate Specific activity (IU/mg)
Locust bean gum 7,109+54
Guar gum 5,158+23
Pectin ND
Birchwood xylan ND
Soluble starch ND
Carboxymethylcellulose ND
PNP—cellobioside ND
PNP—glucopyranoside ND
PNP—xylopyranoside ND
PNP—mannopyranoside ND




Table 7. Binding of ManK to insoluble materials

Residual ManK activity after binding

Substrate (total TU)
Control 0.50
Avicel =0.01
Chitin 0.48%0.03
Chitosan 0.49+0.02
B—Cyclodextrin <0.02
B—1,3—Glucan 0.45£0.03
Insoluble oat spelt xylan 0.48+0.03
Insoluble ivory nut mannan 0.05+0.02
Lignin =<0.01
PHB granules =0.01

S M, M, M, M; LBG

Fig. 14. TLC analysis of hydrolysis products of mannooligosaccharides and LBG by ManK.

t}. Micobacterium sp. HY-17 #3256 endo-xylanase g5 = EA4 2A
ggol R el AU FAUAYEFTANA ALdHdFS JFREEE E4A8HS e nAES

AdAo 7 BE3lr] 9&le], M9 mineral salts agar medium(Difco)S- 7|2 u] K| &2 AL-8-3}9
al, 5 g/L yeast extract (Difco)?} 2 g/L azo-xylan (Megazyme)L- -5l Al &H] A& A&
Stk AR mAE FetR S A d3] A (serial dilution method)© 2 A &) Al e34=df)
3 M3 the, 717he] Hen o] 100 plA B2ekar, 25-35Ceo Al 18~36A17HE ¢t H 93}
Stk ZZre] WA A azoxylane] EE|F el vEllE FREHS F4ste wAE A=
(colony)g deElxez RISHT. EE mAES FAs7l fste] 27F Zelon|
(5"-AGACTTTGATCMTGGCTCAG-3") ¢} 1492R =z}o]m (5 -AAGTCGTAACAAGGTAACC
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-3) o= 165 IDNA Ao )3 PCRS 4#3l9cl. PCRES £33l 313 16S rDNA
]2 ABI prism BigDye Terminator Cylcle Sequencing Ready Reaction kit2} ABI 3730x1
DNA analyzer(Applied Biosystems)E o|-g-sle] EA5t9ct. HER o= KX 16S tDNA
A1E-& NCBI dlo]gH]o] 29 Bu}~E(Blast) T2 733 EzTaxon AH 9] §AAS=Z2HE
(Genebank)oll A 72} AEE BASAT ALd@E B3sl= o5 16S (DNA A4S
BAE Ay uvlolmutg E]S & (Micobacterium sp)l.2 FA Ha, vlo]muty e £
(Micobacterium sp.) HY-17 = i dle] =ZA| 7&7#< F=4g 2l Td ) 214 &
el 7138t Rt

AL HFHE B3 sl= mho]l=Zube €8 £ (Micobacterium sp.) HY-17 TF (8 E: KCTC
12338BP 4 Al DNAo Al GH10(glycoside hydrolase family 10) Al o] = ahitlA] o] #4
Aqde ez Add melolns olgael Ak DNAZ Rad bg. 47 A
DNAZ %qﬂ,gf—_ ste] 10x gh3e)(MgCL2), 2.5mM dNTPs, 5x $+3=¢l, FastStart Taq DNA
2%} & 2~ (Roche) 2, MF-10 A"3k Za}o]m(5-TGGGACGTCSTCAACGAG-3") £+ MR-10
o3 z2}o] (5 -GACGTCSGCCTCSGTGAC3) %48 ol g-ate] Adehial & 2zbel o
3 PCRE 3] 0}9;\:} olm, PCR 27-& 95Cell A 5%, 95Coll A 3037+ WA, 50T

2] 307k o, 72Col A 4027t AAe] 202 358 whEE 0hg, 2T A 712 &
& AFAGL +RHE A0 RGN 4] PR #%a 375 bpe) A}
1}7] 9] PCR AME--S DNA Walking SpeedUp premix kit(Seegene, $+)2- o]-8-3le] Als &

7)(Genome walking) 2 ]2~E] =-PCR(nested-PCR)-S- <=3 s}lo] 7| xle2 A A sk
PCR 2HE-S 53151tk DNA Wakling 7I8& o]-8-3te] &ndt A Ade FMF =g}
o] (5'-CATATGGCGCCTCCCGGATTCAGC-3") ¢ RMF =Zz}o]H(5-AAGCTTTCAG
CCGCGTCGGGGC-3") A& o]g-8lo] 95CoA] 58, 95Cel A 30x3F WA, 50CeA] 30
27 oldd, 12Tl 4023 AF o) 2o 353 Wit b, 72CA 72 &<
TGS pAse 2007 PCRAS Falste] xylH #4125 &Rt

271 AA XylH ##47+¢] PCR AHE © pET-28a(+) W E](Novagen, T]=)E Ndel
Hindll ASHE2Z 7120 29 F A9 471 GAS 9el 2 PR 48L
100 ng® A}-8-3}o], TaKaRa A}¢] 2]7}o}A|(ligase) 1 unitS H7}sle] 16 ColA] 16A]7F
SAZAT  #hol Aol A (ligation) wHg- ¥ BL21(Novagen)d| 3AHM3ks}le] Fljmlo] Aol
45 ZgolEda] AEE T ARI AFELZ Aksle] 95 DNA Aye] = =
snlEs duasion DNA A4 (equencings §3) AEA0z Feg Sesut.
29l Thg, 47l AZE UENEE pELXYHE 3Rasth. £, 4719 Adehta
FH4A HAELe FHA 28 2 LIS FE3TH(GenBank accession number
KF233593).

NCBI t|o]ElH] o]0 Tula Bgls~E 2ju)o](Protein blast survey)Z o]-&3}e] ofm]
w2 g A Av ALehbAXyHE GHI0 algais 84 weldld A %
T B4l 1167 bpe] ORF(open reading frame), T+ 388 71 <]
2 3ol F9m, BAee 41,584 Da ©F pl 4847 F<l3}
PN

£ rE 18 ua

At SignalP 3.0 dlolE{Hlo]2 Aolla BHIAIZE G FARE A¥, AdEhviAE F
Z 358 7]9] oluiato =z o|Folx AL BelElgm, BAFEE 38,632 Da, pl 4672 &

JaA (Fig. 15).
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GH10 domain

249/335 (
1737338 (
175/338 (52%)
1727338 (
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ACGACGCACG

Al

P E Q V A V Q A E R Y D A

> ATGCTCCTCCTTCAC CTTCTCG 1020
cC 8 8 F T F S

W A T I T D
CTCGCTGCGCGACGCGACA 1140
F Y A L L 6 5 L R D A T

Fig. 15. Alignment of the deduced amino acid sequence of [3-1,4-xylanase from Micobacterium

sp. strain HY-17 with those of other structurally related GH10 enzymes.
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7 AW E PAHFA dGTFS A4 LB X HEF H, 37CeA ZEAA
WiFetdTh 2] A w gl e] ODen ghel 0.4 ulA] 0.50] |25 & o 1.0 mMe]
IPTGE A7 5 30ColA 5A17F o BEWEA wjdAzch 7] wdas AR s)

2 #2s 23 XylH= 24431 %3 (inclusion bodies)
2 20 mM o] Tt} & (imidazole), 0.5 M EFHIEEL EIHEE 20 mM QAHIEF 9L
ol (sodium phosphate buffer pH 7.4)0. 2 7}838AAH FUck. 71832 1XylH Alx 4%
£ HisTrap HP(GE Healthcare, ¢ @)(5-ml) ZH S o] g3l AHA = AAI 5, A4
F2rlE 3 9 (LC) system(Amersham Pharmacia Biotech, ¢ d)E +3stgc)t. Fx9

HHH 21 HiLoad 26/60 Superdex 200 prep-grade(Amersham Biosciences, ¢ €l) A #H S o]-&
3 A Fa azeiEagng sdstd 48 0ol gudel Ar9E BAAE 49

STk 471 AAT Xy A B =E AlokBioRad, 1)G ol&dhe] w
WAg QP T FADR] 20T mAIIA,

ZrdeiAl o) g4 =RL Flr] YSte], DNS(Dinitrosalicylic acid) 7 2% (Miller GL,
Anal.Chem., 55:952-959, 1959)& o]-&3}<] 1%(w/v) H] X-2-=2}2D & (beechwood xylan)g- E
etz 50 mM 24l SASIEE 958 (glycine-NaOH buffer pH 9.0)el] B/ 3]4]
3 100 uple] FaAEAL W@y 55CoA] 1587 wreAlzl & 750 ule]
DNS(3,5-Dinitrosalicylic acid) -8-<}-2-
nmofl A 22 SFATE &Ae] 1 Ryl (unit)E 1 Bkl 1 pmle] FAZFS WEAITE
49 Foz Atk

ZldeA (XyH)e] HA wgzag g8ty sted wASE 2 FH(birchwood
xylan)& 7122 sle] w3 pHY} 2o Oigh S selssint.

FARo R, FAZAH HA pHE 50 mM AEZ2M}IEF $38MA(sodium citrate
buffer)(pH 3.5-5.5), 50 mM <IAM}EF $+5-8-9 (sodium phosphate buffer)(pH 5.5-7.5), 50
mM Eg] A 9+38 o(Tris-HCl buffer)(pH 7.5-9.0) 2 50 mM 2428 EF ¢
229l (glycine-NaOH buffer)(pH 9.0-10.5)2 A}-8-5o] 55Ce) A 15%8¢t uke-alo] 24384
(=

S, Ao pHel etk RS
4CoA 1A7HESE WA T &, 4848 23sa,
Helol 5C A0 2 G434 =43 2
45, 50, 55, 60C)= 15, 30, 18] 1 602 FEoF uh25lo] A=A S =435 9c).

AL A (XylH)yE pH 9.0, 60CollA 713 =2 A8 19low, pH 5.5~10.0 H ol
A IAIEESE 75% o] 9] BH4dS HGrh S, pH 4.5~11 M jelA 50% olxte] A4S

g

FAGE AG B YL, WeLEd Qoja] 37-50ColA 1AIZE Fk 90% o] 4be] 2t
FBAL £4 A AL FAGYT (Fig 16)
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Fig. 16. Effects of pH (a) and temperature (b) on the [3-1,4-xylanase activity of XylH and
effects of pH (c) and temperature (d) on the stability of XylH.

ZP]EPM](XylHH GoFs Ad 2 @ sde) that BalsS DNS AU o83

of sttt HA$= AU PF(beechwood xylan), H2]-$- Z]—‘Qa(birchwood xylan), <.
EXHE 2 g(oatspelt xylan)s9] ThUSE 1% (wiv) AL 22~ Zg]w)el 28 (starch), =
E/]_(pectin), =F7Hglucan) 5] 1%(w/v) Z28]™, g1l 5mM NP(p-nltrophenyl)D]' -ﬁ—l]:_xﬂ
5% olgdlel /14 Bol4g AAaANUT. A7tel 12g ¥
i]—l/]—E%r o= %°ﬂ(glycme-NaOH buffer pH 9.0)<] .5‘4&4,51— R %"“(0405 ml)g _,ﬁ_a'é]—%
EF P4 EFEO5 m)E 45ColA 108 Bor Ea whe-s wase] Mmasith. 49

e

13
H
n°1‘
"F
3
il
M o
)
}.

@ PG FEAD 03 Ao 249 1

S s, Table sl Lhebul vhat e, oba Al %@ F A9 ~A= AQdo] A
AehpAylel 915 A4 EdHoE AFRANUL, NASE 4AL, WAL= A
AP woz srrs BHL veRiRt T iavau Z2H(B-1,3/B-1 4-d-glucan
from barley), PNP-4ll & u}o] @ Alo] = (PNP-cellobioside) PNP-A 2 1] g} Alo] =
(PNP-xylopyranoside) el thate] 22 #42 Llehi= A& Felsigich
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Table 8. Hydrolysis activity of ManK for different substrates

Substrate Specific activity(IU/mg)

birch wood Xylan 722 £ 0.3
beech wood Xylan 827 £ 1.3
oat spelts Xylan 923 = 1.0
Wheat arabinoxylan 52.6 £ 5.0
Xyloglucan ND
Soluble starch ND
Pectin ND
Locust bean gum ND
b-1,3/b-1,4-d-Glucan from barley 23 +05
Carboxy methylcellulose ND
PNP-cellobioside 118.5 + 0.6
PNP-glucopyranoside ND
PNP-xylopyranoside 304 = 1.1
PNP-mannopyranoside ND
PNP-galactopyranoside ND

H RS2 2L gH(birchwood xylan, BX), =} Zn}o] @ X (xylobiose, X2), AL ZET] 2~
(xylotriose, X3), Z}Y 2| Ea}Q 2~ (xylotetraose, X4), 1211 =} 23 &2~ (xylopentose, X5)
2 Az do] Mg ERES 100N 52 dstel B wegs AN o,
7R AHES &89 A0.05% ZUA/ETS) &E89 B(0.05% EWANEA 4 o)
ABEUEZ/MES = 6:4)9] o] EAare] 275 o] Asahipak NH2P-50 2D 2 @ (5um, 2.0x150
mm, Shodex)& o]-&3+ wAlG N4 mErE T d ¥ (High performance liquid chromatography,
HPLC) AL £3)35te] =33} HKim DY et al., 2011).

O A, Table 9o viebdl whel Zo], WALE xAzho] gk shpEE] /‘P%
X2(T12%(Wh) b X3(28.8%(wh) & LtEhE AL #9latqnt. A zulele s, ol
EfQox 59 AY =27 (xylooligosaccharides)dl] it 7lEa] &Ad ol A, Z]—OE]EE
2] @ A (xylotriose)el] T3l 7F4E3] AHE-S X2(45.8%(W/V)), X3(38.9%(w/v)), X4(12.3%(W/V))
=il X53.1%(w/v) =, 214 2 €] E 8} 9 2~ (xylotetraose)d] o3k 7183 ALE-2
X2(34.1%(W), X3(38.3%(WHY), X4Q27%WA) 2 X5(5.0%Wi))E, P RPN
(xylopentose)ol] T3 7R AES X2(25.9%(W/V)), X3(35.9%(W/v)), X4(23.4(w/v)),
X5(12.1%(wh) 2 X6(2.8%wh)2 Falstdet. oleldt Ax, 47 ALehids S
A< 2 A ] o] A (transxylosylation) &-4-& 7FA& A& &8l

rlo

_37_



Table 9. Composition of products formed by hydrolysis reaction

Composition (%)
Substrate
X2 X3 X4 X5 X6
X2 100.0
X3 45.8 389 12.3 3.1
X4 34.1 38.3 22.7 5.0
X5 259 359 23.4 12.1 2.8
o= zlolak
MARE Ade 712 288
(birchwood Xylan)
2. ARE o83 o] FWd wF A

7}. Saccharomyces cerevisiaeZ ©]-8-35F Ju|AdEkx] A0 Y23 TF N
(1) A1%3%} Host strain A8 = 23 Zajim= A4
Saccharomyces cerevisiaeZ ©]-8-3F Bacillus sp. HY-22 52 2] endo-xylanase ¥}3+3 2| %
3 aF g o 22 &F 757 £FAMAERE ARE-EIT.
- Saccharomyces cerevisiae SEY2102 [a ura3-52 leu2-3 leu2-112 his4-519 suc2-A9]
- Saccharomyces cerevisiae FY833 [a ura3-52 his3-A200 leu2-A1 lys2-A202 trp1-A63]
Endoxylanase(xylp) ++#2}S &-8-3F W3 Al AL /sty 98t TR Zgiams
£ #&3lH-
WA Gallo0 TR EE (GAL10p)E 7}7 Zg}iu]=o] MFa signal sequence(s.s)A g,
Bacillus sp. 219 A}A| signal sequence(s.s)S A A% endoxylanase(xylP) F4A, 28
GAL7 Elr|dlolE] dds AZ3Hst] pGMPxylP Zahrn=2 &3t Ea Gallo

ZIZREE 717 Zaksu| = z}A signal sequenceE i?]—%]—i 1= endoxylanase(xylP)
H4A9 GALT Huldolt] J94g AzT3te] pGxylP Eehrn=s A (Fig
17)
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Xbal

EcoRI  Xbhal
Sacl Sacl
% MFaS.5 7
‘G4LIp  XYLP _-Sall "Gdr1op  XYLP - Sall

GALTt GALTE
pGMF-xylp ) pG-xylp )
Amp Amp
URA3 URA3

Fig. 17. Schematic diagram of the endoxylanase expression plasmids, pGMF-xylP and pG-xylP.

(2) MFa signal sequence$} xylIP signal sequence Z+7}2] endoxylanase W3 U4} AE
TE2E ZFPAuEE o]83 AR &7 #FE NLEr] 98ke] LiCl methodE |8

ate] pGMF-XylPg} pG-XylP Zelrn|=2 zbzh SEY21029} FY833dFo] HAMFs T

SC-ura Hj Xl 4] A A= HEsYct.
Z¥zte]l HAMFSFZE oat spelt xylang -3 HHw o] Bl kN
congo-red AAHE o] &3t FARME B3 RIS vuT ¢ U
SEY2102¢} FY8337 F-<f| A]= endoxylanase®] halor} Ho]x] ¢Ftal
HAAMGF A e v xF9] xylano] Es]F halor} #FAZ ). E=3FH congo-red a2
Aol o] Ak Fd o] B Ax=E endoxylanased] B-Ado] =25 A3 4 g)

¢t} (Fig. 18).

YPDGX(oat spelt)plate

Fig. 18. Comparison of MFa s.s with xylP own s.s for expression of endoxylanase in qualitative

analysis.

PARAS E3 A%F endoxylanaserl TF grom EE A EHFL F<l G,
Ao 4xud Axdge) e s FFRAL A, Ao 34
congo-red assayollA] £ haloE Vel FZAAGRFE sy AdWsto] 48417 Eere] 9]
HiFS $3t  endoxylanase®] /& wlaw FESGTH Endoxylanase®] 4L 1%
birchwood xylang 7]A = sle] Bj 44598 #H71sk T2, DNS methods] wie} 34
o 2R319ch 1 A7 SEY2102E 52 AMEe HANFo) A =2 endoxylnase B

o=

e e & 4 gllen, pGMF-XylP W3 A7} endoxylanse 8] i3 o] &2l 9ls <&
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s Sldth  (Table 10). wekd, ERSFAE2ZE SEY2102FF7 FYS33FFHU
endoxylanase W&ol HF3 HFAEYo] FAFU oM, endoxylanased] A EFIO =]

H] 23S 984 = Bacillus sp. F2]9] xylananse #}A| signal sequenceX.t}, MFa signal
sequence’} T &A&2 9L Feld £ g1t

Table 10. Endoxylanase activityof each transformant after 48 h cultivation on YPDG medium.

_ Endo-xylanase activity (unit/ml)

SEY2102/pG-xylP 6.4
SEY2102/pGMF-xylP 334
FY833/pG-xylP 0.72
FY833/pGMF-xylP 13.1

. Sl A Edlo]= (endoxylanase)?] ¢HEA FHE S Qg AzF wF AL ERAAAY
2 fd7 =

(1) AR Qg wa A2
=

Eepar =S o] 89 fA ALE Al FulEe ZekavE B S fAApEEst
AEE Ew gadd Agger 2o R 93 BHS #5F £ ok 57 g
== O [e]

MARS A AL B @ol ALgEle] O W, QWA ZE 1 copys]
HAE Ablsled 9] 2 dAFoA=  delta (§)-sequenceZ  o]-8-5t¢]  multi-copy
level2 Foluz} o},
Delta-sequence’™= EZFA A o]l o+ 3007] = =A== Ty (transposon-yeast) element Z
9] St E A integrative  plasmid  (YIp  type)dl delta-sequenceZ Al star
GAL10p-MFs.s-xylP-GAL7t cassetteZ T sl2#F 3o} (Fig. 19).

integration-g- -f-=3}<] endoxylanase®] W3]

Chr.1 8 | GAL10p-MFs.s-xylP-GAL7t | & |

Chr. I 5 | GAL10p-MFs.s-xylP-GALTt | & |

Chr. III 5 | GAL10p-MFs.sxylP-GAL7t | § ———
Chr. IV—————— 5 [ GAL10p-MFs.sxyIP-GALTt | & —————— & | GAL10p-MFs.s-xyIP-GAL7t | § |—

Yeast cell

Fig. 19. Schematic diagram of delta-sequence mediated integration on yeast chromosome

dpade gr2MA = gene cassette integration (homologous recombination)2- €3k
target regiono] ®Th. walA] XylP fHAE EEAAANANA AT BAAA 3
o}

(2) Endoxylanase®] <19« WHA|~El o] 2
Saccharomyces cerevisiaeZ ©1-8-3+ Bacillus sp. HY-22 2] endo-xylanase®] ¢4z -
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3 AzES TFF M AMEE £FER TF=E Saccharomyces cerevisiae SEY2102 Atrp
[MATa ura3-52 leu2-3 leu2-112 his4-519 suc2-A9 TRPIl:loxP-KanMX-loxP ] #FE A}&-3}
At} S cerevisiae SEY2102Atrp 3= geneticin YA+ 22 7=38l= KanMXF-Z 22
w9 TRPI §adAbae] Aalstel TRPI 4448 22(AmpA7l EdER Jokars
24 endoxylanase A WA AMAN R AAS N SFEFE ALEH AT

Endoxylanase (XYLP) -f-7=}e] &m= Az ¢+AA W3S 93] pRSSxylP = z}n]
= (integrative plasmid)E =3} T}

pRSExylP ZglAn== ¢hoa] &3 pGMF-xylP Za}Anj=9] GallOp-MFa signal
sequence (s.s)-XYLP (Bacillus 2] ¢] =4 signal sequenceZ | 73+ endoxylanase (XYLP))
HAA-GALTt FHHES 7HA 3, &2 AU Z ] integrationd 93+ §-A1d 2 FAAS
Z M¥ulA 2 Candida glabrata TRP1 (CgTRP1) -F-HAE 7} g} (Fig. 20).

P & - sequence

pRSé-xylp
) g loxp-CgTRPI-loxp Selective marker
. > RA3 selective marker curing | replacement
5ot pRS&-T

\
\/ bal } < GALIOp — MFa ss — XYLP — GAL7t cassette

MFas.s \ pRS306 (YIp vector + URAZ selective maker)
/ GAL10p XYL

loxP-
CgTRP1-loxP

Fig. 20. Schematic diagram of pRS6-xylp plasmid for expression of enodxylanase

MFa signal sequence (s.s), mating factor a signal sequence of S. cerevisiae; CgTRPI, TRPI
gene of Candida glabrata; loxP, ATAACTTCGTATAATGTATG CTATACGAAGTTAT (for
sequential integration); &-sequence, long terminal repeats of Saccharomycers cerevisiae

retrotransposon Ty

(3) Endoxylanase¢] =AUl = obgd =gl 9 we Py PE
s ==
A =

pRSSxylP ZetAH|=8 ERAMAU ¢gdom =93 A2 &R dF55 /e
3t7] 918ted, WA pRSE-xylP ETtxn|=Z Xbal AFELE Ase] 433 o2
High-frequency yeast trasnformation methodZS o]-8-3ste] A #MES 1, SC-TRP uj X
(medium)efl ] A XZF2 AHEETE (Ist integration).

Z7re] HAMZF 2] endoxylanase AL ZALSHZ] 18] WA oat spelt xylang- H-3h
YPDGX #HutfAolM FAHEFZ 7192, congo red B S olgate] FAALF}
xylang &y Ao = R 3st¢g) (Fig. 21). Episomal typee] pGMF-xylP Zu}AH]
2 sl SEV2100pGMFxylP (P.C) 34 457 Mok §40] thol Rajgto] AujHo

=2 ZA9LA Tt endoxylanased] WS AR o =7 5olg 4 g)rt.



® '

H1 PC
TFs.4 TFs.5 TFs.6

TFs.1 TFs.2 TFs.3
TFs.7TFs.8 TFs.9 4

Fig. 21. Confirmation of endoxylanase activity in each transformant by using congo-red (A) and
azo-xylan plate (B).

H1, SEY2102Atrpl; H2, SEY2102Atrp1/pRS6-xylp; P.C (Positive control), SEY2102/ pGMF-xylp
(episomal type); TFs 1~3, SEY2102Atrpl/pRSS-xylp transformant numbers; TFs 4~9, SEY2102A
trpl/pRSE-xylp/pRSS-xylp transformant numbers

i

Congo red W& 3l & haloZ veld FAAGZFTE A3, 4841715 <¢ YPDG i %]

oA Zakizm AA|uFS ESe] endoxylanase AL Hlw ZAFEITE (Table 11).
Endoxylanase®] #-4-2- birchwood xylang- 7|2 =2 3l #j<k a5HL Hrs o2, DNS
methodel] wha} FAFeEs =S hH-E 2] endoxylanase= MFa signal sequencee]
o] MEHoR oF 80% A& EHHL FAd & Ak

""'ﬁOO—hN
i

Table 11. Comparison of cell growth (ODgw), extracellular and intracellular endoxylanase activity

and secretion efficiency of Ist and 2nd integrants

Cell growth Endoxylanase activity (unit/ml) Secretion
Yeast transformants oD, £fi %
(ODgo0) Extracellular Intracellular | €fficiency (%)
1.15 7955

SEY2102A trpZ/pRS8-xylp

SEV2102A trpZ/pRSS-xylp
JoRS5-xylp 222 5.72 131 81.4

(4) Endoxylanase®] &R AMANE gkE-Ad 23] B kg4 vl
SEY2102Atrp1/pRSS-xylP B A A3 5= Msulz] 24 loxP-CgTRP1-loxP FIEZ 7132
A=H|, o]= CRE recombinaseo] 2]3F loxP 7F2] homologous recombinations %3 loxPA}
©]9] CgTRP1 A= pop-outsl= Ho] 7Haslth (Fig. 22). whela MAdwut#7 AA =
SEY2102Atrp1/pRSE-xylP & A M ZF+= ThA] pRSSxylP Zekim| 22 ERlA17]7] 3t <4
THRHEDTE PEAo R AM-E 4 vt pSH4T ZTpAH|EE SEY2102Atrpl/pRSS-xylP

HAAMGFo] 3 AXZS L CRE recombinaseE F=3te] CgTRPIF-2AE G330 2 A
ATt
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Fig.

Integration of endoxylanase expression cassette at the §-sequence
: transformation of linearized pRS&-xylp plasmid into SEY2102A trpl

CgTRPI marker rescue by introducing pSH47(GALIp-CRE-CYCIt)

CRE recombinase ]
l URA3 selective marker

Remove pSH47 plasmid on 5-FOA medium after Cg7TRPI marker rescue

Increase of endoxylanase activity by repeated &-integration

22. Selective marker rescue schematic diagram for marker reuse and re-integration

AdulAs A AF SEY2102Atrpl/pRSS-xylP &AM FFo] Al 33 @3 F pRSS
xylP Zg2un=2 $95te] endoxylanase?] <FAZ A =712 A=

integration). 1st integration®} Zro] Z}zte] &AM gF9] endoxylanase &AL vl ZA}S
7] 98] 0.1% azo-xylano] ¥ YPDGX HujA| oA =gk AT s 2
ARG ¥, xylang &¥FRo=m RS AT 4 Adrh (Fig 21). Ist integrant
SEY2102Atpl/pRS6-xylP (H2)¢h H]mate] BAe] =/19 =2 uwsl7]93 DNS method
Z B3 AgEAMLS AAF Z¥, st integratione]] H]3] 2nd integratione]] ¢] 3]
endoxylanase®] &-Ado] ¢F 30% Aw F7lEAeL g -/F A}

EndoxylanseE 7}Z1 SEY2102Atrpl/pRSE-xylP A &+l 4] endoxylanase®] <F3 A&
ZAFsl7] Y8l episomal type?] pGMF-xylP Zglim|=E 7]—7ﬂ SEY2102/pGMF-xylP (P.C)
A 2872 endoxylanase®] mitotic stabilityZ ZAFSHEQITE. 48A]7FE¢F YPDH] X] < A
Zalaz wjokst Ay, Wk Alzbe] el waEl SEY2102/pGMF-xylP 3o 4] =
endoxylanse®] ¢t A o] Holx= Y-S Hol= wHH, SEY2102Atrp1/pRSS-xylP A 2§+
FolMe MIFL7I7AA kAo m FRAES 0 & 4 girh (Table 12). whepa] A=
3} endoxylanase®] EEGMA NS =lo =z & FAZMIFA = A2 E£42E AAA
o= THAZ ¢ gleS A

Table 12. Comparison of mitotic stability of episomal type (pGMF-xylp) and integration type
(pRSGS-xylp) for 48hr culture

~_ Culture times
Yeast 12hr 24hr
transformants e

SEY2102/pGMF-xylp 100% 80% 76% 69%

SEY2102Atrp1/pRS8-xylp 100% 100% 100% 100%

southern hybridizationg £3l XylP -7 #}2] integration position <1
5) PFGE<} hern hybridizationg %3+ XylP f2#}9] i i ition &<l



§-sequence= S. cerevisize®] genome Al A Ex st ¢)om 300 copieso]A FA)
star glt}. S-integratione X A W E o F7HA+] integration copyrE Hol &7}
Al 4 QR EF F712= S-sequenced] EF R Eo|F O & integration = 73k

= 3lo], XylP #xzxte] EERAMNA Abdae] 4XZS PFGE (Pulsed field gel
electrophoresis) 9} southern hybridizationS Z-&] &}<¢la] Bt} Probes pRSS-xylPe] ¥ &HE]
o] 3l= GALI0 == RE] G995 A8l oH Fig. 2348 o] EAAA ] J54
© 2 integrationo] LolytL-S &4 4 AT} Ist integrationo] A= XIHIVEH <20 o A
integrationo] 2 oJ%t o ™ 2nd integrationo| A= VI VA F2 dojutt) AA RO 2 ¥
S o DAV A oA JFA O = integrationo] Lol & &l 4 gt

PFGE Southern hybridization
H 1'st 2'nd 1I'st 2’nd H I'st 2°p st 2'nd

Fig. 23. Confirmation of §-sequence integration position in 1st and 2nd integrants by PEGE
and Southern hybridization by using Gall0 promoter as probe
H : SEY2102Atrpl, 1st : SEY2102Atrpl/pRSS-xylp, 2nd : SEY2102Atrp1/pRSS-xylp/pRSE

-xylp

t}. Saccharomyces cerevisiaeZS ©]-8-3+ 1| AE# o] = (endoxylanase & beta-xylosidase)2] & A]
W3 (co-expression) = QA A ke Az FF AL
(1) &l dE g o] = (endoxylanase®} beta-xylosidase)e] & A]X~E] 3=
Bacillus sp. 2l beta-xylosidase (xylB) %=} cassette (GAL10p-MFas.s- xylB-GAL7t)E
xylP cassette”} integration ¥ &RFFo] QA AYst7] % ZelAneE &30
AA pGMF-XylP Zg}~u| =2 backbone® 2 ALg-5le] xylP At Ale]l Bacillus f-2f ]
XyB §AA4Z 4UF pGMFXyB Zehin=E pEalga, o Sgsnos FHoz
GAL10p-MFas.s-xylB-GAL7t | EE Sacl AFFEARY7E =k ow2 r]z13
primer2 PCR (2.8 kb) &}$jr}. Sacl &4 Ao ¢]d] GAL1Op-MFa signal sequence
(s.5)-xylP-GAL7t Z}¥ E7} A A% pRSS-XylP Zg}A~u|=E vector2 ARE-5le] PCR =X

GAL10p-MFa signal sequence (s.s)-xylB-GAL7t 7}H|EE ZF=23t pRS6-xylB Zfim =2
T3 (Fig. 24).

- 44 -



PRSS-XyIP — GaL1op|MFas.d  XiP | GarzH laxP-CgTRPI—loxP
pRS&-XylB —|GAL10p |MFas.s| XylB |GAL7r |—| toxP—CgTRPI-laxP

Fig. 24. Schematic diagram of pRSS-xylp and pRSS-xylB plasmids for expression of

enodxylanase and beta-xylosidase, respectively.

pRS6-xylB Zg}~n| =& o]-8-3l co-expressionS F=317] ¥sfA= SEY2102Atrpl/pRSE
-xylP/pRSS-xylP (2nd integrant of xylP gene) W39 AWHnt7ZE WA A|Aso} o).
SEY2102 Atrpl/pRS6-xylP/pRSE-xylP 5= XA¥nl7 24 1loxP-CgTRP1-loxP2] f-#HAE
7FR AL gle] F7FA Q] G-integration2 3| A= CgTRPImIAL] A A7 7% =22 CRE
recombinase geneS- 7}A i = pSH47 Zz}~w]=E SEY2102 Atrpl/pRSE-xylP/pRSS-xylP
Gl BAABHACE ololAl WA Fe galactose A7F5H] galactosed] 913} FEs =
CRE recombinaseZ 3 A]# CgTRPIF-AAE ad# oz A AdHL, xylB FA2+ 714
E 2908 A3 434 E(SEY2102A trpl/pRSE-xylP/pRSE-xyIP (trp-)=E Al&-&F Tt ®=3H
A% pSH47 plasmid= URA3 222 71x 2L Qlo] 5-FOA(fluoroorotic acid)u] x| & A8
st ERAA ZAART. pSHAT plasmid’t AAE dFE F7FEA FEAHFOT A%
Aol AlHulA AAE JSHA S P4 A<l integrationo] 7153 & T}

(2) Beta-xylosidase &3 7} EQ] AR AMAYE =

Beta-xylosidase (xylB) 7%} cassette (GAL10p-MFas.s-xylB-GAL7t)Z xylP cassette”}
integration ¥ ERTFo] AAMA o Abeldle] ¢FF Al co-expressionS =51 TH

WA pRSSxyIPEe} AR EE A& A A XholS o]83te] 433l Azl & high-frequency
yeast transformation methodZ ©]-8-3}o] SEY2102Atrpl/pRSE-xylP/pRSE-xylP (trp-) 44| X
o] A xFstar, SC-TRP viA A FAMFFE A8t

27y FAAFF9 B-xylosidaseo] AL ZALE7| 3] SEY2102Atrpl/pRSS-xylP/pRSE
xylP (trp-)/pRSE-xylB2] A A& E-S zymolyase 100T} glass beads(0.4~0.5mm)= u}4) 3}
o X&) B-xylosidase 44-& AR, wIF TS AHE-StA B-xylosidasee] A
xe AL =AYt B-xylosidase FAZE=FLS 10mM  p-nitrophenyl-[3-xylopyranoside
(PNPX)E 718 = A}g-38le] 2AMSIg Tl A28 B-xylosidaset signal sequenceE =32
A Bt AxYE 54 FA 24 HAs Xt diFEe] Axuda Sd=NE
< 33 4 Atk SEY2102Atrpl/pRSS-xylP/pRSS-xylP (trp-)/pRSS-xyIBE Al-g-afl 4 Al
Brl7 CeTRP #7AAE A vl AAS L TA] 1 pRSSxylPE FAHFE ] 2nd
integrantZ AE3H T F ™9 integrationd]] ©]3}A] [(-xylosidasee] &-Ado] <k 20 r}r)o]
Z7hE A& &9 @ 4 AT (Table 13).

Table 13. Comparison of cell growth(ODgoo), extracellular and intracellular endoxylanase activity and

3-xylosidase activity, respectively, and secretion efficiency of endoxylanase
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Yeast Endoxylanase activity Secretion B-xylosidase activity
transformants (unit/ml) efficiency (unit/ml)

o
Extracellular Intracellular ) Extracellular  Intracellular

SEY2102Atrp1/pRS
5-xylp

261 4.18 16 2%

SEY2102Atrp1/pRS
8-xylp /pRSS-xylp
SEY2102Atrp1/pRS
&-xylp /pRS&-xylp 28.1 5.54 1.5 79% 0.01 2.1
/PRSS-xylB

SEY2102Atrpl/pRS

&-xylp /pRS&-xylp
JPRS5xy1B 253 558 1.6 78% 0.01 3.9

/pRSS-xylB

27.9 5.47 1.2 79% - -

(3) TLC(Thin Layer Chromatography)Z ©]-8-3F &3] A& 75

Endoxylanase = B-xylosidase®] xylan &AL 34<ldt7] 9)8te] SEY2102Atrpl,
SEY2102Atrp1/pRS&-xylp, SEY2102Atrp1/pRSSE-xylp/pRSS-xylp, SEY2102Atrpl/pRSS-xylp/pRSE
-Xylp/pRSS-Xle FAABFE YPDGX wf Aol 48A17F wjFalirt. TLCE F3t EalibE

S Feldlr] 93 FEEdzE T E 4 Q& xylose, xylobiose, xylotrioseE Al-8-3} %%
1‘4—. Z7l|-8-7 = Metanol:Chloroform: aceticacid:waterS- 10:10:3:1¢] H]-§ = AM&-3}1 TLC
plate(Silica gel) 10x10cme] Z 7| = AFR3}ITE WA ke 10% ko] @ 3 7y 80T
dry ovenol] ®o] 1087t ¥-2-35%ick. SEY2102Atrpla+= 2] endoxylanase?] Aol gle
SEY2102Atrp1/pRS&-xylp, SEY2102Atrp1/pRSE-xylp/pRSS-xylp, SEY2102Atrpl/pRSS-xylp/pRSE
-xylp/pRS6-xylB & 2 #gFo]| A xylan® ZEE| xylobiose &  xylotriose”} A+h-S &<l
3 4 Ao, xylP7} 2nd integration® SEY2102Atrp1/pRSS-xylp/pRSS-xylp, SEY2102A
trp1/pRSS-xylp/pRSSxylp/pRSE-xyIB & A Mgl A= Fv] %Ik spote] JEMGATE 8LA|%E
B-xylosidasee]] 9]3F xylosez¢] @3le @hxdslx] EF Tl (Fig. 25). ©]& Y3l B-xylosidase
o BH EES ZAAI UG FHHA Aol o Waslolol I Aol

-
L]

1
oo

Fig. 25. Xylan hydrolysis by recombinant endoxylnase and [3-xylosidase.

Lane 1; xylose, lane 2; xylobiose, lane 3; xylotriose, lane 4; SEY2102Atrpl, lane 5; SEY2102A
trpl/pRSS-xylp(1st), lane 6; SEY2102Atrp1/pRSE-xylp/pRSS-xylp(2nd), lane 7; SEY2102Atrpl/pRSS
-xylp/pRSS-xylp/pRS5-xylB
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2. & Pichia pastoris B3 EH] A|AEL o]-8-3} xylanase®] | Z3 Wy
(1) Vector construction
Bacillus sp. HY-20 5 2 Cellulosimicrobium sp. HY-13 @5 - xylanase %z}
XylP 2 XylK1& A 23 D3HA|7]7] 5le] &% Pichia pastorisg -H|EHe Wl g A] ~H S
2z 74 faAe] Qe BaADL A ASHGO XylP fHA 627 bps)
XylK®] 73-9+= C-terminal CBM2 domaing F7}2 #|A3E XylKl ACBM2-§-# =} 1242bpE
Pichia pastoris 41 & codon ¢ Bt3o] codon optimization A|#H F#AE AAFHT =
T2 AREE7] ¥ste] xylanase Aol ZE3IE Ao = A#A U= Aureobasidium
pullulans ATCC62921 F9] xylanase 22} XynA= &7 gAsgct A3t A=
PDC promoter ¢} MFa signal peptide”} 1+ vectore]] AF@1&}d 0w 3% vectore] =A]
=+ o} Fig. 263 Zt} F=3 vectore] o]=-2 pPDC MFaopt XynAopt, pPDC_MFa
opt_XylPopt, —22]31 pPDC MFaopt Xylkl ACBM2optE 3T +&= vectorE E.
coli DH5a #3o]l WA &AA3 A7 sequencings E3] #Az A7|AdLe gelstsct.

% pPFDC < MFa < Xylanase gene < ter }—

Fig. 26. Construction of xylanase expression vector.

(2) Yeast Transformation
el Al F<el®l pPDC_MFaopt XynAopt, pPDC_MFaopt XylPopt, pPDC_MFaopt Xylkl 4
CBM2 optvectorE LiAc/TE HH-S o]-8-3}o] P. pastoris GS115 3o A MG o).
e FAHFBAE colony PCR WS o] §-ste] F7A 2] 4YARE ddatqrt.

(3) SDS-PAGE analysis= 3l
Xylanase ¥+& oJ3L.E SDS-PAGE=Z %)<l 3}7 AaiA AoA de FAAIAHE YPD
wj xlo] Auj st & 25ml volumeo] YPD #j x]of] AHZ3slx 30T, 180rpm_f—_ 4841 7F E<F
WFSATh
HiFH o] AhFHS TCAtAcetone FHWHEES o83 FFH3tel duld R4S 4%
sample2 AT} SDS-PAGE A¥+= o} Fig. 279} 7Tl XynA 73-9- ©@Hl°A o] molecular
weight7} ©F 24.2kDa=z SDS-PAGEZ}ollA] a2 91X oAl band7} HolR €stom XylKl
S i Ao Bzlako] 50.0kDao]i} wild typeol A% 722 =7]¢] whullz o]
g F 4 gISIt XylPe] 739 oF 253kDaz A A T A bandZ

E
72
F g9ie

B3 A ke ZA}
=
=

ro po

i :lo
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M GS115 XynA XylK1 XylP
":i e —
98 N
64 N e ——
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Fig. 27. SDS-PAGE of xylanase expression analysis.

(4) Xylan 23] #-d &AL} (Congo Red Test)
Xylanase activity 34912 €3] xylan ®3] halo testE 3}l Hl o] 0.4%2] xylanS
718k agar plate 9ol colonyZ picking 3¢ HlFslir). B3] R o}z Fig 289 Zo]
Congo red 415 T3] &< 4t XynA 79 xylang AHo] E3stx] XalA L xylPo]

73-%- HHcolony7} xylan &3] =8L& XYt}

XynA XyIP

Fig. 28. Halo plate assay with Congo red staining for xylanase activity.
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3. 47 Y AXE Y3 xylanase YA 2A] AE
7}. Jar fermentorZ o]-8-3F xylanase A AF v X] 24 A=
7] 8133 xylanase W& FF Bacillus sp. pHYJ-XylC & o]-§-3}<a] Jar fermentorE ©]-§
sto] tHEfeke sk wix] 2AL AESHES. S0xg/mle] kanamycing F3EE LB
brothZ o]g&38le] 50ml/250m AFZFZ e}~z oA 37C, 16A17F B¢t wjoksle] F@o= A}
L3t 2 wj ok i x] 2A2 2.0% maltose, 2.0% yeast extract, 1.05% M9 basal medium
£ 0]-8-3}9] 3L medium/5L jarellA] 37°C, 500rpm, 0.5vvm¢] ZA o = #j et wig =
DO #¥L U3 A 1.0 wme s 57%S A3t
2F719) vl A S o]-8-3te] 22413 el ek 1,670 unit/mle] xylanaseE A§AboFS- o
AL, ol Z7] wild type strainell A 9] 275 unitml Bt} 6ujrtE =rtslglLs &
A o1 MiEon dBULe A NG 2L PEUT. AL A
A A 719 duTE 712 S xylang Frbstolop &17] wEe Wi w@rbok o9 =a
g W oF 275unit/mlz B+ o] Y. B oA GRAS #F<Q Bacillus
olg3te] e A7l Ay BEQAE o]§3 X 2R HAFFE F U
FoulF TS ANEE7] Aste] scaleup GBAIE A T HASF LAl

RN

o Th

fo

<
'C

il )

A W
T

™,

Tl
=

pH

1600

=
¥

=
T

&
ey
=
=

——  Cell grow th (O DGO0)

—F— Xylanase activ ity (unit/mL)

0.1 0
0 5 10 15 20 25

Time (h)
Fig. 29. Batch profile of xylanase production with recombinat Bacillus sp. pHYJ-XylC.

o Xylanase O A4E A3 N 2de) A
2} 719] 5L jar fermentor ¥ 9F profile2 EE e AMS 243 scale-up 33 NS
Attt AMEHE A 24E AYE 5] 922 HAS T 5L jar fermentorE o]
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Sto] &Aoo 7 mA AAESE wolr] St o GAlE AAMA, HIA =4S AE
star, vl FAS feeding T3 5L AE LS. &7 3FEA HjU(batch culture)ol] 4]
= 9F 700 unit/mle] &9 AL BYPOor), HiF Fol AEE F7FR feedingsle] F7}
2] uf) 9K(fed-batch culture) FA o2 HM3sle]l 7 iR 2A L AESPT. ol Wiz =
A2 50 g/L maltose, 30 g/L yeast extract, 20 g/L soy peptone, 5 g/L sodium chloride, 7] &}

mineral medium&- o83}, 37Cell A 500rpm, 0,5~1,0 vwme] Z7ejA] ik 43 5}
o] = 2,929 unit/mle] xylanaseE A& 4 1o}, (Fig. 30)

A Eh)A vkl e 10% AsdmES F83le 13 DA % AT o, A5
qe Sreel T % AALERE ol8ael 24 Fade] Adpels Fael WA
ES 348 dnk. AdelilA A A ES 50mM potassium phosphate buffer pH6.0¢]] =<1 )
S pore size 50kDa®] UF membranes o]-8-3}o] 1x} 223 3 A8 pore size 10kDag]
UF membrane& §3he] 2dzt 558 ﬂs@ e THE AAeUA] $EAL FHE
HAAZE Esle] 100,000 unit/ge] AAejr}A] EL-g 3HH 5T

3,500

3,000 Fed-batch %!

Xylanase activity (unit/ml)

o

i Al =] = 3}

2,500
2,000
1,500

Fed-batch &=¢
1,000 r

) I I
o 1

Batch-1 Batch-2 Batch-3 FedB-1 FedB-2 FedB-3 FedB-4

Fig. 30. Xylanase production with recombinat Bacillus sp. pHYJ-XylC.

4. THRALES] nlolem 2~ MFS 7 AAT FH AT
7h sgEAEe B2 g AAY 3 A
(1) 24=tl(corn stover)2} W A(rice straw)e] E&]A 37

SETAEY FEE A% AlRe AdE FAT T2 AAF AT $H71ed
S d gl sHol HF(TAR05, TAD HWTHEAHWS)SI] shol Aojs
Sl Fe Serds FARR ARSI, 23S THUIeA0A ngd 83
HE AT Setls Tl Agom Tf—_ A e FES ddsida,
HA2 =778 3 @@, o] mAte] JhEgh Aol 4% 3NN BRadh
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AERAME AR FEAdoa FRSYUTE Serder HAe Adrazsd A28
Bagom A3tk A2L 5~10cme] Zolz #271(chipping) 50C<] dry ovendl 4]
12 h AzA1Z] 9§ E47]12 Z(milling) 40, 80meshe] & o]&3le] = E= EE5H

o (sieving), WA AL YEE ARE ARE H567] A5 HTHOR 40-80
mesh Afol9] QIEE 7 meal H4 dbel The 4ol BEaTt. (Fig 31, 32)

Fig. 31. Physical pretreatment of corn stover using chipping, milling, and seiving

A : Rice straw chips B : 40~80 mesh passed

Fig. 32. Physical pretreatment of rice straw using chipping, milling, and seiving

(2) Ak, &2+, COSLIF ¥ w2 A7 48 2E
b A o83 AA T

WA GAe TR 05%E A G F 1 go] S5 RAET 20 mle] PG HE

gl



% oil bath (120C)ell A 120 mingt ¥-3-8 AlAH AAYE FPSPTh w3 & 1n3P 9 w}
oA =842 10 min F¢F 108 MASYGOeH, 7 F 05 M NaOHE o]-8-3}<]
pH 72 ¥HAHES 38 § oAl SF/4E 10 min Bt 100 A FsA5, 50T 12
h 422 Z& AAzE ble] er~E F R

(1)) NaOHZ o83t A=

100 ml¢] 1% NaOH &9z #AzH 1g9 S44 FAEL 4 15Cell A 24 h &

whg-sho = G 93t S4piAEe] AXIE FHPSAT AR
42 10 min B¢+ 108 M3 F 0.5 M HCIZ p =

h

o

flo

B
3
fo i of 2

= v 1
3t H 772 Z3A12) & oA &
10 min Z¢F 108 AZ3st5 50CelA] 12 h B¢t AzFgoan HF dZdzldzd vlo]
g 3R
H 2 22 o83 #7187 =z 7] (Cellulose Solvent- and Organic Solvent-Based
Lignocellulose Fractionation; COSLIF)
WA 85% <14+ 10 mlef] 1 go] 244 HAMES W1 water bath (50C)olA] 60 min %
WA o™, Jhg § o37]o] THA] 20 mle] 95% ethanold FH7beted 412 & Rel®
ol AAGCH, AF Fe 1R Voot cthanols FH4R 242t 3 A
& B3, 0TI 12 h B A%S §3) % AADN e Ak
Gaues A8 WA A7 WA 50 mesl S4a HAES 085 mle) R4
0.15 ml2] 0.5 M sodium citrate buffer (pH 4.8)@} 212 & water bath (50C)ol|l4] 5 min &
¢l pre-incubationd}$] 2.1, 1 & 0.5 ml2] Celluclast 1.5L (Sigma, USA)E #-g-A o) =H7}3}
o oM IR wes AFSIAA, o W EAwg2 50CoA 3 h Fet
stk Ao wgS B8 AAkE #9F-2 DNS reagent 4L o]gslo] HHIYL
m, E 83 Al A&7 DNS reagent 882 1 (0.5 ml):2 (1 ml)e] H-E= e F
water bath (100C)ellA] 5 min B¢F rFg3ho =4 Wauke-o 43391, 540 nmel A
spectrophotometerS ©]-8-3 FYUTFS AFsIHr} (Fig. 33).

A

B(a) (k)

=
'~E\ 7000
@ =]
“v
8 so00
=
o
o) 5000
3
S
w4000
-
a
o
S 3000
a -l
-
@ 2000
1 a—
E I
2 1000
S

0

control 0.5 % H,S0, 1% NaOH COSLIF

Fig. 33. Effects of various pretreatment methods on the production of reducing sugars from corn

stover: (a) Celluclast-catalyzed reactions; (b) Celluclast and xylanase-catalyzed reactions.
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A2 E 2.5% p-formaldehyde-glutaraldehyde (4C, phosphate buffer, pH 7.2) mLA M A] 2
A7t AR, $-H(0.1 M phosphate buffer, pH 7.2)2.2 10 B4 3 3 A3 F,
1% 0s04(25C, 0.1 M phosphate buffer, pH 7.2) g0 = 2 AZHgsr FnA ek 24
°] ¢ ARt Y &FE&dom 53 MAG F, cthanol FE FEEom Gf £
isoamyl acetate= X8}l a1 critical point dryer= A ZA|Z] &, T}A] SC502 sputter coaterE
ol-g-ste]l 20 nm FAR ZESIAL, dAHFTATY o] AR =Heold= HITACHI
S4300N (HITACHI, Japan) Z=AMA A& M A S o] £31o] BAa1glch.

Fig. 34 & AAlg =5 &43%A Ax8gE ARA &2 native corn stover?t H,SO4 T
= Bacillus sp. HY-22 xylanaseZ ©]-83] Zx ©]3} com stover®] SEM imagesE H < &0}
AXEE 84 & com stover A2 79 TRl HAART AR AF w9 ARG
| A2 Fad F [ ®E corn stovere] THE w9 AR Be o] FAH

q =

9 3] corn stover 1]<]

9o B 4 A @ AAe A g

R >~
hemicellulose Ad&-o] AFHE AR & UAL-S Vbt

(b) 0.5 % H;S0,

(€) 2 % H,50, () 05 H,S0, + v-zz enzyme
Fig. 34. SEM images of native and pretreated corn stover samples: (a) native corn stover sample
(350X); (b) corn stover sample pretreated with 0.5% H.SOs (350X); (c) corn stover sample
pretreated with 2% H,SO4 (350X); (d) corn stover sample pretreated with both 0.5% H>SOs and

Bacillus sp. HY-22 xylanase (350X).

Fig. 35= 427 =& #4384 AXIA=S AR A LS native corn stover?} NaOH H =
g

Bacillus sp. HY-22 xylanaseZ o]-8-3| 7] 2|3t comn stover?] SEM imagesE X< Fr}. 7
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82 SFA &2 corn stover A|E o H|] IZE] 2 & Ao 93] AT FE corn stover?]
xHol B} o AR 24 Aleld wdo] AN S E 4 JUTh o1HT 2
= dZha] @ G498 E3] corn stover U] 9] hemicellulose A o] %73,1?—% Ea= ]

AARNNSE Hoer

() 1 NH-treated () NaOH-trea+HY-22 media sup.
Fig. 35. SEM images of native and pretreated corn stover samples: (a) native corn stover sample
(350X); (b) corn stover sample pretreated with xylanase-containing culture broth of Bacillus sp.
HY-22 (350X); (c) corn stover sample pretreated with 1% NaOH (350X); (d) corn stover
sample pretreated with 1.0% NaOH and xylanase-containing culture broth of Bacillus sp. HY-20
(350X).

A

() &2y z2dlAg sebd A T4 A3
Oh AAE =8 JbeRd ag 2AE
Lo fgad(igninARES AASL AEZA(cellulose) ¢F FEAEZ A
(hemicellulose) AEL 3 ﬂ}ﬂ o= R3] 993te] 1g comn stover meal-s 1% NaOH -89

10mloi] o]—O:] Zyzbo]l 2w a 3087F wkg-Al7l &, SN HCIZ pH 5.5~6.00.2 Z3}A|

%%¢ wel Aasel Qe $e4 A0S BAasse] add 2Us H=s9
o ewEa sz%al% Aaxe cellulaseQ} xylanase ol gste] JtRE F, FARES S
Al R 58S AEIYTH 2= Az g S 10FPU cellulase®} 50unit
xylanaseZ ¥ 35} 50mM citrate buffer (pH 4.9) 40mLof] #&ale] 50C, 90rpm 27 ¢f 4]
10AIZHE S W3-t AL, AIZPER Al RS A3 ste] DNS methodoﬂ ue SARHS 53

s,
1.0% NaOHZAGIA 2zte] L=8 delale] Axeld dv, Lw7h 453 me) @
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Fig. 36. The effects of temperature on

sodium hydroxide pretreatment.
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(*}) NaOH 5=® 71488 &8 78
3hatbA Xdﬂﬁl Fg A F2d(lignin) g 5 A ASIL A E =2 (cellulose) 9} El ] 45
Z 2~ (hemicellulose) 428 FHAo 7 FHE 7] 935 H4ZFe NaOH 2= BE
o] 1g corn stover meal2 1.0, 1,5, 2.0% NaOH -8 10mlol] & Etdle] Z+z+ /\]LE 1210(:,
308 Bek whEAZl ? 5N HCIZ pH 5.5~6.00.2 Z3}A|# %%—-/Fi Z23] A Hso
P2 B84 AR FAAZRSY AA EUs Fusgdrh e AR g <
10FPU cellulase2} 50unit xylanaseZ Eg}sl= 50mM citrate buffer (pH 4.9) 40mLo)] 3 Es}

] 50C, 90rpm ZANA 10A7-E < W89 T

o we ARTRE ZHAYT (Fig 37).
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Fig. 37. The effects of alkali
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concentration on sodium hydroxide pretreatment.
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1}. Cellulase ¢} hemicellulaseE ©]-8-3F AW E3FA 3] €]

3atA dAe 3, dz2H AJEE cellulase®} xylanase® 71423 5}<] hemicellulose 4 &
S o Sk com stoverd] AETA MM E 4 STE 1.5% NaOHZ HAAHEH Al
BE  xylanase 7} F5d wE JleEs] £8L AES Y] At 1g & 77 10FPU
cellulase, 10FPU cellulase €} 50unit xylanaseE ¥ 3+&l= 50mM citrate buffer (pH 4.9)
4omLol #etaled S0C, 90mpm Z7olA] 10A7HE e WA T, AghaE 27t Ams
AF3te] DNS methode]l whe} Fhgdes ZAsilrh. Fig 384 Wi kel 2o
cellulase®} xylanaseE &7 & o =4, ¢F 24mg/mle] S-S 3elstggct (Fig. 38).

T, Sqatlel MAL A7 AAYF BRELD olgad srha Fe A
AlZPE R glucosest xylose®] S AFEJT. A7 AFS  D-glucose assay kit
(Megazyme Co. Ltd.)9} D-xyloase assay kit (Megazyme Co. Ltd.)E o]-&3}] Z17Z}e] Al E
Ao AT AE ol g-sto] ST Spiek 24 2E Al e} glucose
o xylose7t F7bel= RS 18, ol= B dAFoA AMgE EFaLrt 4, A

| 9 o2 T /‘J%fﬂ A2 o]ge] 7Hed Rer f32& 4 At (Fig 39).
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Fig. 38. The effects of xylanase on enzyme hydrolysis.
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Fig. 39. Corn stover®} rice strawZ o|-83F 73] C5, C6 7 A

E AA AAG dZes o8 AAHTZH EFEALAS o8 steRAlE
3 ARAEY PRTAL BRAS As] Ade WA A=E 2%
p-formaldehyde-glutaraldehyde (4C, phosphate buffer, pH 7.2) AR AoflA] 2 A7t 143}
1, $+398(0.1 M phosphate buffer, pH 7.2)2.2 10 &4 3 3 A& 3, 1% 0s04(25C,
0.1 M phosphate buffer, pH 7.2) g0 37 2 AZFESr FuAEAUT}. 1ol 2 A=2e
T ggAMoz £33 MAHI F, cthanol ¥ = 5402 g4 T isoamyl acetateZ X
g3} a2 critical point dryer= 72 A]Z] F, thA] SC502 sputter coaterE ©]-&3t<] 20 nm
Az =EE, s&xgtﬂiﬂoﬂ 79 ulo] X woe= HITACHI S4300N (HITACHI,
Japan) FALHA ARG S o] &8t EA SIS (Fig. 40).
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Corn stover

Heating
(90°C, 1h)

Pretreatment
(1.5% NaOH
121°C, 30min)

Hydrolysis
(Pretreatment
and  enzyme
hydrolysis, 4
0C, 4h)

X100 X250
Fig. 40. SEM images(100X, 250X) of various corn stover samples: (a) corn stover; (b) corn
stover sample pretreated with heating; (c) corn stover sample pretreated with 1.5% NaOH; (d)

hydrosate with cellulase and xylanase using alkali pretreated corn stover.
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4) Mgl FAd wE §-8 HAl(mass balance)

SEils B2F, ek, 2 AEds AXPIE 5 vloldge S Ak
3 FADAE FAFFS ZAEHS. Bl A 3L AEAA A5 Fo]
95le] B4 % corn stover mealS- 80mesh A= EFA|Z1E, 40mesh A B 0|85l 2
ARE ZE3art B8 AR 1g8 1.5% NaOHE o|§-3te] 121TCeAM 302 F¢

g3led, SN HCISG ol g38le] 871, TRFDWIE ol83sled Fatd A#3 Al
Azt 0366g2] nlolQu~ZE RGeS deF AAYE B fad RS
HHo g7 AAZ AR cellulase®} xylanaseE FA] ] sle] 0316ge] 6kt 58t
BT 843 JleREE 2 3RE 9t (Fig 41).
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At vlo]Q ol x] AAak7|&oA 2RAEE FuAdE 2 Q A (hemicellulose)E Eo] &#-3F
HEBALE T AT EE(soft wood : corn stover, rice straw)E &3 A S 8317 9

A= xylanases} 22 E4E #8319 xyland 37 o]-§ 4 = 7lEo] s,

Lignocellulosic Physical Chemical
Biomaterial Pretreatment Pretreatment

Corn stover meal

- 1Kg (dried weight) | NaOH pretreatment

- 1.5% NaOH
- 121°C, 30min

Corn stover* Chipping

- 32% glucan Milling

- 19% xylan Seiving

- 13% lignin - 40~80 mesh

* NREL report 2011

Pretreated biomass (Yield 72%)
3669 (dried weight)

Biological
Pretreatment

Hydrolyzed biomass (Yield 63%)

C5, C6 fermentaion - 3169 (reducing sugar) N
Saccharomyces sp. & . i*yg;ﬁig;:fe
i - Xylanase
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Fig. 41. Mass balance on pretreament of corn stover.

5. &R E o]-83l biomassZH-E| bio-ethanol Y2+ Z7A AE
A2 2] ¥l biomassZF-E] bio-ethanolS- A AF3}7] 9] 38le] FF= Saccharomyces cerevisiae
YKY 095% A]—%E}S&I’_ 1AL 1.5% NaOHZ o] &3te] #x2](121°C, 30min)E comn
stover® A}M8-3} % th. Bz wel, TA33 A (simultaneous saccharification and
fermentation, SSF)<} -‘EE] %ﬁ}%ﬁ(separate hydrolysis and fermentation, SHF) W}'H2& o] -85}
3, Yeast seed ]¥2712 YPD mediumS 71202 3} 30TCo|A] 150rpme] 2714
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Fig. 42. Time course of simultaneous saccharification and fermentation and separate
hydrolysis and fermentation using corn stover pretreatment
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Fig. 43. Time course of simultaneous saccharification and fermentation and separate

hydrolysis and fermentation using corn stover pretreatment.
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Fig. 44. Time course of simultaneous saccharification and fermentation and separate

hydrolysis and fermentation using corn stover pretreatment(125g corn stover/L).
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Enzyme and Microbial Technology 48 (2011) 365-370
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Enzyme and Microbial Technology
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A highly active endo-f3-1,4-mannanase produced by Cellulosimicrobium sp. strain
HY-13, a hemicellulolytic bacterium in the gut of Eisenia fetida

Do Young Kim?, Su-Jin Ham?, Hyun Ju Lee?, Yi-Joon Kim®, Dong-Ha Shin®,

Young Ha Rhee€, Kwang-Hee Son?®*, Ho-Yong Park®*

2 Industrial Bio-materials Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), Dagjeon 305-806, Republic of Korea

® Insect Biotech Co. Ltd., Daejeon 305-811, Republic of Korea
< Department of Microbiology and Molecular Biology, Chungnam National University, Daejeon 305-764, Republic of Korea

ARTICEE [INFPO ABSTRACT
‘Article history: A xylanolytic gut bacterium isolated from Eisenia fetida, Cellulosimicrobium sp. strain HY-13, produced
Received 30 July 2010 an extracellular glycoside hydrolase capable of efﬁcxently degrading mannose-based substrates such

Received in revised form
16 December 2010
Accepted 27 December 2010

as locust bean gum, guar gum, The purified

enzyme (ManK, 34,926 Da) from strain HY-13 was found to have an N-terminal amino acid sequence of
DEATTDGLHVVDD, which has not yet been identified. Under the optimized reaction conditions of 50°C
and pH 7.0, ManK exhibited extraordinary high specific activities of 7109 IU/mg and 5158 IU/mg toward
locust bean gum and guar gum, respectively, while the enzyme showed no effect on sugars substituted

eywords:
Cellulosimicrobium sp. strain HY-13

Fisenia fetida with p-nitrophenol and various non car Thin layer revealed that
Gut baceritim the enzyme degraded locust bean gum to mannobiose and mannotetraose. No detectable amount of
Highly active endo-B-14-mannanase mannose was produced from hydrolytic reactions with the substrates. ManK strongly attached to Avicel,
Mannan-degrading enzyme B-cyclodextrin, lignin, and poly(3-hydroxybutyrate) granules, but not bound to chitin, chitosan, curdlan,

or insoluble oat spelt xylan. The aforementioned characteristics of ManK suggest that it is a unique
endo-B-1,4-mannanase without additional carbohydrolase activities, which differentiates it from other
well-known carbohydrolases.

©2011 Elsevier Inc. Al rights reserved.

Bioresource Technology 102 (2011} 9185-9142

Contents lists available at ScienceDirect
Bioresource Technology

journal homepage: www.elsevier.com/locate/biortech

Cloning and characterization of a modular GH5 B-1,4-mannanase with high
specific activity from the fibrolytic bacterium Cellulosimicrobium sp. strain HY-13

Do Young Kim ?, Su-Jin Ham?, Hyun Ju Lee ?, Han-Young Cho?, Ji-Hoon KimP, Yi-Joon Kim ¢, Dong-Ha Shin ¢,
Young Ha Rhee®, Kwang-Hee Son*, Ho-Yong Park®*

*industrial Bio-materials Research Center, Koren Research Institute of Bioscience and Biotechnology (KRIBB), Daejeon 305-806, Republic of Korea

® Industrial Biotechnology and Bioenergy Research Center, KRIBE, Daejeon 305-806, Republic of Korea

“insect Blotech Co. Lid, Dageon 305-811, Republic of Korea
4 Department of Microbiology and Mokcular Biokogy. Chungnam National University, Dagjeon 305-764, Republic of Korea

ARTICLE INFO ABSTRACT
Aradle history: The gene (1272-bp) encoding a p-1,4-mannanase from a gut bacterium of Eisenia fetida, Cellulosimicrobi-
Received 22 April 2011 um sp. strain HY-13 was cloned and expressed in Escherichia coli, The recombinant p-14-mannanase

Received in revised form 18 June 2011
Accepted 20 june 2011
Available online 28 june 2011

(rManH) was approximately 44.0 kDa and has a catalytic GH5 domain that is 65% identical to that of
the Micromonospora sp. -1,4-mannosidase. The enzyme exhibited the highest catalytic activity toward
mannans at 50°C and pH 6.0. rManH displayed a high specific activity of 14,711 and 8498 1U mg~'
towards ivory nut mannan and locust bean gum, respectively; however it could not degrade the structur-
ally unrelated pelysaccharides, mannobiose, or p-nitrophenyl sugar derivatives. rManH was strongly
bound to ivory nut mannan, Avicel, chitosan, and chitin but did not attach to curdlan, insoluble oat spelt
xylan, lignin, or poly{ 3-hydroxybutyrate). The superior biocatalytic properties of rManH suggest that the
High specific activity enzyme can be exploited as an effective additive in the animal feed industry.

[-14-Mannanase © 2011 Elsevier Ltd. Al rights reserved.

Keywords:
Cellulosimicrobium sp. strain HY-13
Hisenia fetida
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Novel modular endo-$-1,4-xylanase with transglycosylation activity
from Cellulosimicrobium sp. strain HY-13 that is homologous to inverting
GH family 6 enzymes

Do Young Kim?, Su-Jin Ham*, H{}lo Jeong Kim?, Jihoon Kim®, Mi-Hwa Lee®, Han-Young Cho*,
Dong-Ha Shin €, Young Ha Rhee , Kwang-Hee Son **, Ho-Yong Park**

* dustrial Bio-materials Research Center, Korea Research Institute of Bioscience and Biotechnology {KRIBB), Daejeon 305-806, Republic of Korea
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“Insect Biotech Co. Ltd., Daejeon 305-811, Republic of Korea
“Department of Microbiology and Molecular Biology, Chungnam National University, Dajeon 305-764, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:
Received 20 October 2011

Received in revised form 20 December 2011
Accepted 20 December 2011

Available online 27 December 2011

The gene (2304-bp) encoding a novel xylanolytic enzyme (Xylk2) with a catalytic domain, which is 70%
identical to that of Cellulomonas flavigena DSM 20109 GH6 p-14-cellobiohydrolase, was identified from
an earthworm (Eisenia fetida)-symbiotic bacterium, Cellulosimicrobium sp. strain HY-13. The enzyme con-
sisted of an N-terminal catalytic GH6-like domain, a fibronectin type 3 (Fn3) domain, and a C-terminal
carbohydrate-binding module 2 (CBM 2). XylK2AFn3-CBM 2 displayed high transferase activity
(7883 IU mg ') toward p-nitrophenyl (PNP) cellobioside, but did not degrade xylobiose, glucose-based

Keymords 5 materials, or other PNP-sugar derivatives. Birchwood xylan was degraded by XylK2AFn3-CBM 2 to xylo-
Cellulosimicrobium sp. strain HY-13 i ; %
e biose (59.2%) and xylotriose (40.8%). The transglycosylation activity of the enzyme, which enabled the

formation of xylobiose (33.6%) and xylotriose (66.4%) from the hydrolysis of xylotriose, indicates that
it is not an inverting enzyme but a retaining enzyme. The endo-g-1,4-xylanase activity of XyIK2AFn3-
CBM 2 increased significantly by approximately 2.0-fold in the presence of 50 mM xylobiose,

© 2011 Elsevier Ltd. All rights reserved.

Gut bacterium
Endo-f-1,4-xylanase
Transglycasylation activity

obiol. Biotechnol. (2010), 20(11), 1529-1533
doi: 10.4014/jmb.1007.07009
First published online 30 September 2010
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Recombinant Production of an Inulinase in a Saccharomyces cerevisiae
gal80 Strain

Lim, Seok-Hwan'", Hongweon Lee”, Dai-Eun Sok’, and Eui-Sung Choi'™*

'Industrial Biotechnology Research Center and "B logy Process Engineering Center, KRIBB, and *College of Pharmacy,

Chungnam National University, Daejeon, Korea

Received: July 6,2010/ Accepted: July 24,2010

The inulinase gene (INU1) from Kluyveromyces marxianus of a-p-glucopyranosyl-[pB-(2,1)-p-fructofuranosyl-n-

NCYC2887 was overexpressed by using the GALI0
promotor in a Agal80 strain of Saccharomyces cerevisiae.
The inulinase gene lacking the original signal sequence
was fused in-frame to a mating factor o signal sequence
for secretory expression. Use of the Agal80 strain allowed
for the galactose-free induction of inulinase expression
using a glucose-only medium. Shake-flask cultivation in
YPD medium produced 34.6 U/ml of the recombinant
inulinase, which was approximately 13-fold higher than
that produced by K. marxianus NCYC2887. It was found
that the use of the Agal80 strain improved the expression
of inulinase in the recombinant S. cerevisiue in both
aerobic and anaerobic conditions by about 2.9- and 1.7-
fold, respectively. A 5-1 fed-batch fermentation using YPD
medium was performed under aerobic condition with
glucose feeding, which resulted in the inulinase production
of 31.7 U/ml at the O Dy, of 67. Ethanol fermentation of dried

fructofuranosides]. Inulin consists of a linear -2,1-linked
polyfructose chain, terminated by a glucose residue through
a sucrose-type linkage at the reducing end, and it is the
major storage carbohydrate in the roots and tubers of plants
such as Jerusalem artichoke, chicory, dahlia, and yacon
[2, 13]. Inulinase can be divided into exoinulinase and
endoinulinase. Exoinulinases (B-b-fructan fructohydrolase;
E.C. 3.2.1.80) consecutively cut off terminal fructose units
from the nonreducing end of inulin. Endoinulinases (2,1-p-
p-fructan fructanohydrolase; E.C. 3.2.1.7) hydrolyze the
internal P-2,1-fructofuranosidic linkages and produce
such main products as inulotriose, inulotetraose, and
inulopentaose [1]. Inulinase can be produced by different
microorganisms, including fungi, yeasts, and bacteria.
Among them, Kluyveromyces sp. (Khuyveromyces marxianus
and Kluyveromyces fragilis) are often used for commercial
applications [2, 13].
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The X¥IP gene, which encodes endoxylanase in Haciffus sp. HY-20, was subcloned, and two expression
plasmids, pG-xyIP and pGMF-xyIP were constructed. These plasmids, which contain different signal
seguences, X/P ss and MFuq,, s.s, respectively, for the secretory expression of endoxylanase, were
transformed into Sacfaromyees cerevistas SEY2102 and FYB33, respectively. The recombinant endox-
vlanases were successfully expressed, with a total activity range of 237 - 70.1 unit/ml according to
the expression system and host strain. The endoxylanase activity in SEY2102/pGMF-xylP reached a
maximum of 881 unit/ml in baffled flask culture. Most of the recombinant endoxylanase was effi-
ciently secreted in the extracellular fraction, and the MFa,, ss was more efficient for secreting endox-
ylanase in veast than the Xj#P s.s. Therefore, the expression system developed in this study produces
large extracellular amounts of endoxylanase using 5 cerevisize as the host strain, and it could be used
in bicethanol production and industrial applications,

Key words : Endoxylanase, optimized MFa signal sequence (MFau: s5), GAL promoter, secretory
production, Saccharomyoss cerevisiae
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