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An open reading frame coding for mannanase predicted from the partial genomic sequence of
Paenibacillus woosongensis was cloned into Escherichia coli by polymerase chain reaction amplification,
and completely sequenced. This mannanase gene, designated man26AT, consisted of 3,162 nucleotides
encoding a polypeptide of 1,053 amino acid residues. Based on the deduced amino acid sequence,
Man26AT was identified as a modular enzyme, which included a catalytic domain belonging to the
glycosyl hydrolase family 26 and two carbohydrate-binding modules, CBM27 and CBM11. The amino
acid sequence of Man26AT was homologous to that of several putative mannanases, with identity of
81% for P. ihumii and identity of less than 57% for other strains of Paenibacillus. A cell-free extract
of recombinant E. coli carrying the man26AT gene showed maximal mannanase activity at 55C and
pH 5.5. The enzyme retained above 80% of maximal activity after preincubation for 1 h at 50°C. Man26AT
was comparably active on locust bean gum (LBG), galactomanan, and kojac glucomannan, whereas
it did not exhibit activity on carboxymethylcellulose, xylan, or para-nitrophenyl-B-mannopyranoside.
The common end products liberated from mannooligosaccharides, including mannotriose, mannote-
traose, mannopentaose, and mannohexaose, or LBG by Man26AT were mannose, mannobiose, and
mannotriose. Mannooligosacchrides larger than mannotriose were found in enzymatic hydrolyzates of
LBG and guar gum, respectively. However, Man26AT was unable to hydrolyze mannobiose. Man26AT
was intracellularly degraded into at least three active proteins with different molecular masses by

Zymogram.
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naset xylanasel} cellulase®t #AFSHAl B4 G % (catalytic
domain; CD)RH2. 2 FAHAY SAF93% TA Bl F71
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Aste] T3 mannanasesd £A47F 4E A1 9
Aol dFAoz AH AL dHot.
Paenibacilluse EAE At Aoy AENLE &
st AT, FA A, FEEA A B ooy
WA Fo2 g 3374 ol A B2 = S TH7]. Paenibacillus
Z xylanase, cellulase, pectinase, chi-
tinaset 22 12 B 7heEe] 849 a-galactosidase,
B-galactosidase® E¥ 3 glycosidase’} T Bt &
3] P. barcinonensis, P. campinasensis, P. curdlano ytzcusQ} P.
polymyxas T3S} Th4=9] Paenibacillus 4 5 ZHE xyla-
nase?| 977} &s] ZAE 3 QITH13]. T Y xylanF 3
A A W fr2E P F2 AE< mannan®] £3]
F4o s A= P. cookie [21], P. thiaminolyticus [5], P. poly-
myxa A-8 [1], P. polymyxa GSO1 [3, 4], P. curdlanolyticus B-6
[12], Paenibacillus sp. HY-8 [9], Paenibacillus sp. CH-3 [24]<}
Paenbacillus sp. BME-14 [6]9] &4l B33 Aot} ¢
2 £ P. woosongensist mannan T2

oy a1E

S‘irﬁ

xylan &3l 72
w30l #ofst= mannanase, B-mannosidase, a-galactosi-
daseS AAHstE Ao dHAT22 & AFlAE P woo-
songensis= -] mannanase® fr3H< FHAE S5
4 BHEEAS 2ASEH.
TE U

A ZFEQ E2tADIE

A% AFTHOE AHEE P. woosongensis YB-45 (KCTC
3953)& tryptic soy broth (TSB; 17 g of tryptone, 3 g of soy-
tone, 2.5 g of dextrose, 5 g of NaCl, 2.5 g of K;HPOy per
liter, pH 7.2) 5 AH&-3Fe] 37Col A ol FaFATH1L0]. fH A=
2H-g 3 &9} vectorZ & Escherichia coli DH5a®} Z 8k 2
1= pUCI9E AH&3t3itt.

Mannanase #3At E2d
TSBY A A ol A 20413t & X8 v k& P. woosongensis
A ZFH Genomic DNA prep kit (Solgent, Deajeon)E A
&3tel & dAA DNAE 288t F84oz 244 P.
woosongensts«] A 9714 €9 25E mannanase frAAE
F5 DNA g8 & $%3t7] 93 primers YB45C67-3F
(AAAGCATGCATGCTAAATGGTCAGCCGCTG &2 Sphl
A )& YB45C70-57R (CGGTCTAGATTAAAATAAGGAAA
TATCATCAATGTAC, 2&-2 Xbal $13)S HA 3 AT P.
woosongensis®] x| DNAE F3, YB45C67-3F9} YB45C
67-3R< primersZ 3} pfu-X DNA polymerases A+-&-3}¢]
95Ol A 387 A2 & 95C(25%), 57°C(40%), 72T (2% 30
Zz)9] W& 258 WHESA HFAH 07 72T A 2087 W
S ¥ ZA mannanase THAE FE34HH S5 E DNA

G A 42 Adsto pUCL9el =3t o] E. coli
DH5a¢ & 783} % th. Mannanase 24 & 2t+ 34 4%
FE& F4387] f@l A= 05% locust bean gum (LBG), trypan
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A LBG B 3S Hol= ZaUE AMutslgt)
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3t e —’:‘-Fﬂri 4HE JJPH?‘L 5 A g st ‘—*Zﬂ JJPH
T o

Mannanase ampicillin

Hoto 2BAAE AZEFD Ea B ALY
t}. Mannanase &4 LBGS 7| A2 3l A4d w32 x
o} pH 274 158 B3 v 3o fgd #dde 3
5-dinitrosalicylic acid WH o2 AFFOEZN ZAs
MannoseE ZZFAIE 2 3t A H AFZTHOFE T4 WS
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S pHE HAo] =5 13t 30-65C HIZ HE2EE
%E] o] A48 S F45A T Mannanase ¢ man-
nans¥ mannooligosaccharldes (MOS)9] 738 &
A7) fafA 7180l 05% H7hE whgHo] #FO man-
nanase® H7}ste] 40Tl A 5417 F2k vt
3uzt dAgst dAEstd 4 45
U3 2 EIYI(TLO)E T3 8FATh23].

Mannanase &4 M

ZAAH0Z ALY sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE)E F33 =,
polyacrylamide gel< 25% isopropanol® 50 mM sodium
phosphate (pH 6.0)8 &+3 &l TH 1584 3 3] A s}
o SDSE AAH T F7F4 2.2 50 mM sodium phosphate
(pH 6.0)2 15%4 3 3] A &3 ¥ polyacrylamide gel ¢l °]
0.3% LBG<} 50 mM sodium phosphate (pH 6.0)& ¢
agarose gel= T3k 50T A 247 W33l ¥8 &
& ¥ polyacrylamide gel> &¥d A4S slon, 33
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agarose gel& 0.2% congo red & 9ol 7o 20% Tk A4
3ti 1 M NaCl &40 & 243024 LBG &3 B d S
HFE AT
Za o &

Mannanase #XXIQ| 221t HI|IML

FEHORE AARH P. woosongensis A G771 A EZ5H
mannanase?] FAAE §55 £ orf F Bacillus sp. JAMB750
9] mannanase [8]<} "LEH o] & AT} LA o] E
PCRE FZdto] Z2Y3AH. $58 FAAE pUCI99 lac
promoterét YA FHEE AA3t7] 93 upper primer YB45C
67-3F9} lower primer YB45C67-3Rel| Sphl ¥} Xbal AT G
= 47 =48tk PCRE 33t S%% °F 3.2 kb DNA
S Spul 3 Xpal o2 At 598 AP ELE AT
pUC199ll 2243t Az Eet2HE pMY673E A 23}
At EAvE pMY6730.2 FHAAEE E coli DH5aE
LBGE A7}3 FamA A T e e YA ste] man-
nanases AAtstE ACE FUFHAUT SEF DNA ©H Y
A7IMEE AR A 1,053 obr| At 7] Bld s 3
=3 3,162 bp 3719 mannanase ‘Pr;dxl‘ﬂ' A
£ man26ATE B Fet1L @714 LllA 5
Hl €& NCBI database®] o2 o2} ’b”:o“*é% Hw e A
3} P. ihumii (GenBank accession no. WP_055105071; 1,425 %
71), P. stellifer (NP_038694566; 1,427 Zt71), Paenibacillus sp.
BIHB4019 (ANY66447; 1,570 Z71), P. curdlanolyticus YK9
(EFM11693; 1,555 2715 ©h9| Paenibacillus% w5 %
Thermoanaerobacterium saccharolyticum (WP_045409449; 1,410
Z71), Bacillus sp. FJAT-26390 (OBZ11287; 1,385 %t7])3%
Bacillus sp. JAMB750 (BAE80444; 997 Z71) +#1¢ man-
nanases ¢} 48-81% T A= BAT o5 EF €4
domain@} 374 CBM% ¢ domain®Z F4® modular &4
ojtt. F2YH P. woosongensis man26AT (pwman26AT) il
A g 71 4999 dEAol =2 Bacillus sp.
JAMB750¢] Man26A (BaMan26A)SH= vA}o}ZlHJ[S], 0|92
e L OE @l d L ofH e gt Z]‘ﬁoﬂ SLH 499
< 2gahe o 350500 ofvl 718 o FiF AoE e
Wtk O 7Y pwman26AT A4S AANIE FE A G g
BE AFAA A sigete ArIAde] HEHA ko, of

o) Eokol signal pepndei d3Ee A9E EAA g
AOZ Kol F2YH e ofvx Tk SLH 9 9 o]
23EA] & FHAAE A Y. & BaMan26AE A ¢
tiE BEE F4A AEERE §38 A0E I 4] B
¥ H ok

Paenibacillus & w59 mannanase® A9 84 EA
o] 1% A& Paenibacillus sp. CH-3%] ManB (PaManB) [24],
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Paenibacillus sp. BME-14¢] Man26B (PaMan26B) [6]¢+ P. poly-
myxa GS019] CelddC-Man26A [3, 4]7} k. ol %
CBM6-GH26CDE 4 & PaMan26B9} GH44CD-Fn3-GH26
CD-CBMZ T4 Cel44C-Man26A% &4 99L& BaMan
26A%} o] GH260l 43t 3l E AFFdr £d3n
Ae 494 g40]3 PcManBE GH59 43t 94 ¥4 &
2ot} PwMan26ATE GH263} 4540 & &4 993
CBM273 CBM11S E§3at1 glom A4 d 9 ofm it
W] 454 ZAEE 23 BaMan26ASE 555%9 =&
4548 B2y PaMan26B % Cel44C-Man26A %= 20%
o] W AEAHS EHTHFig 1).

Mannanase2| &An} & oHHM

ZELNE AHE3tY PwMan26ATY W EA & A8}
7] SlE A pMY673& 3¢ E. coli DH5a Ml 7AlE 253
2 94817 ammonium sulfate® £33 G AS a4

o2 At w259 pH7F PwMan26ATS] &4 o
H & %S ZAE A Fig 249 Bl vl 2o] 55T 9}
pH 5594 Ao &4& Hgon, g% 50-60TCAA &
& 80% ©]/d, WS pH 55-6.0 Mol A 95% ©]/del
dgste &4 Uebth PaMan26BE 60T S pH 4.5 [6],
Cel44C-Man26A+= 50 C ¢t pH 5.0 [3], P. cookii®] mannanase
(PcMan)= 60°C 9} pH 5.0 [21], PaManB& 45C 9} pH 7.0 [24],
Paenibacillus sp. HY-8¢] ManP (PaManP)& 55C ¢} pH 7.0
[9], P. thiaminolyticus$] mannanase (PtMan) 60T ¢ pH 6.0
BlA 42 Ao 848 Bo] HA whgxio] Aojg BY
o & 24 Yg] Fedol 7HE £ BaMan26A+ 55T ¢
pH 10014 A& Hol H2 pH7} PwMan26ATS 2
Aol Holx Aoz dHFHATS, 16].

g A ZAS Y8 2EANE 30-60T WYY 254
A 608 AT F HELHS SHATF A 40T ol
A Ao 50Tl A= 81% A=) &8-S FAH4
55C ol dellie 543 425 ‘EiE‘r(Flg. 2B). BaMan26A
40CoA 60E7 FAJo] A FAH A om 50T
60CAlA W77 11783 658 22 YEFY AL, PcMane 6
2T A w2717 30872 YERY PwMan26AT Bt} &€
QHEA o] &3kt 53] PtMan& 55C oA 2417 &<t ‘aﬂﬂ
A= AFHA Bk 65TollA 24T FA= 80% HEZA
S Ho d ] W & AR ELH%E}[S]. g
PaManB+= 55C oA 3027 AA efatglS o $hxs] A2
1, PaManP+ 45T 50 Col A 6023t €A 2ot W 20%
¢k 50% o]4e| Ago] dojutn, PaMan26B= 20C ol A & 30
2 dAEESAS W 45% A¥HE e dEA
PwMan26AT+ ol & &4RTH & Aol E3kth SolstA
PaMan26B] 7% CBM& A A% Aejo &49d EEUJ o]
Fojx gwde d kAol AA F7ket 70T, 8

rir R
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Pw  ADAQATDSTRSLFAYLQEIRGKHILFGHQHPTDEVLSTPPPG-Q-—PKSETYSAVGDYPAMFGWDTLSLEGFEKPGSLTNTPQQNRDNL 86

Ba  V#SN#STL*K#*Y###xDTS*RQ* k5 # % AVk G TLTY S*DRVGSTQ # VKN# sk sk T ks sk kDY sk skt NEK+ SQA* %+ A%V 90
Pp  TNPN#*VEAKA*MN#*VDQY*+NM*S+QEE INEIDWLQANV#*—————————KKP* [ AALDL IDYSPSRAEH+LSSTEAEKATAWDKQGGI 81

Pa  VNPD*SSVAQu#*YN#+RSEY# Qi S#Q+TLA*ANWIHSTL #—————————KKP**LGLDL*DYSPSRIER*TVSTDIEHAIEWDAGGGI 81

Pw  VASMKEAYKLGGVLSLSAHMPNFVTGGDFYDTSGNVVSHILPGGDKHEDYNAFLDR [ ADFAHHLKDENS-NLIPVI FRPFHEQNGGWFWW 175
Ba  *Q¥*RTVHE#** ] [A%*M*PEs# %% xNQYNs# s ks Dk KNk sk Dok SHot ok VE s kWt sk Nok ok Ak sk sk T QSTGE sk sk ks s sk sk ok sk 180
Pp  *TFAWHWNAPK+L IDT—QGKEWWR*——+*AD+TTFDIEYAMNHPES***KLL IRD*DVI*GQ* *KLQD-AKV#+L##+L++AE+K#x4+ 166

Pa  *TFAWHWNAPKDL IDQ-—PGKEWWR#*——#*TEATTFDIEYAMSHPESQ#+QLL IRDMDAI *VQ*RLQQ-ED##* LWk #*AE#sssx 166

Pw  GAPYTTKEQYIEIYRYTVEYLRDEKGVRNFLYAFSPGSPFNNSEATFLKTYPGDDYVDILGFDTYYDGNNQ——————AWFEAVVDDAKL ~ 258

Ba  **QT#*ASE*KAL#% %Dtk x Vi skNot sk kok ok 6k NA# *DGNLTQY # Rt sk # Qe xF [ *Q+DNKA*AG————QATFLNGLTQ*LAM 288

Pp  #+K—GP+PVKKL*ILMHDR*TNVHKLN+L IWVWNSVA*——————— DWotts Bt xS+ S¥PQAGDY SPQIAKYEDLV+LGK#K#+ - 275
Pa  #+K——GP*PAK+L*QLMYDRFTNFH*LD+L IWVWNSEN#————-———- AWtk Pk | SV+S+PGAGYGPVSSRYENLKTL#N*Q+ 1 275
Pw  ISQIADA———— RGKVAAF’[@FGYSNVKPTGTAD—LHF FTKLSAALQSDPDAKRMAYMLTWANFN 317
Ba  *#K[#*E—————] Kotk Tk Yk ¥ PQGENE #GNY #QWY *AVLE # IKK##N# S [+ # Q%% %G~ 326

Pp  VAMSENGPIPDPDLMKAYQ+HWSW+ATWYGDFVRDGK——QNSLEHLKKVYNH+NVITLDELP+NLKTY ~ 311

Pa  *ALTENGPIPDPDLLQAYH*DWSW=VIWSGEF IRDGV-—QNS*QHLTKVYNS*YVITLDELPD+K*EY ~ 311

Fig. 1. Comparison of amino acid sequence in catalytic domains between PwMan26AT and other mannanases. The amino acid
sequences of catalytic domains from four mannanases including P. woosongensis Man26AT (Pw), Bacillus sp. JAMB750 Man26A
(Ba), P. polymyxa GS01 Cel44C-Man26A (Pp) and Paenibacillus sp. BME-14 man26B (Pa) are aligned to maximize similarities
with gaps (hyphens) by Clustal W method. Residues identical to the amino acid sequence of the PwMan26AT are indicated
by asterisks in other sequences. Two glutamic acid residues of putative catalytic site are marked by box. Numbers at the
end of each line correspond to the amino acid position in the mannanases.

ol A Zkzk 3021t €4 Tl % 90%, 80%, 60% 9] FHE2 PaManP+ guar gum®] #3}5°] LBG &35 thHl 64.7%E

A Bolon, H3 w32 AE 60T pH 4594 55T ¢ UEFSE 0 1 PaManBE konjac?] #3150 7H4 =3 LBG

pH 5002 ¥std Ao HHITH6] e &4 2 guar gum®] £3l%5 il 76%E FH O guar
714 w2 W34S 2AE 23 PwMan26AT+ konjac gumol o 3 &A Bt ot Guar gume LBGS 54

7 LBG of thg &a &4 FA8EA o™ guar gumeol o g &tA galactomannan ©] A ¥t mannose®l a-1,6 A% S =
w3 242 LBG WHl ¢F 53.8% +F =2 UESLTH(Table 1). EA)3HE galactose $%°] LBG Bt} B} mannanase”} 2§

Table 1. Comparison of hydrolyzing activity for mannans between PwMan26AT and others

Relative activity (%) of

Substrates " o . 3 "
PwMan26AT BaMan26A PaManB PcMan PaManP
LBG 100.0 100.0 100.0 100.0 100.0
Konjac 103.4 100.0 143.1 70.3 64.7
Guar gum 53.8 30.0 131.1 1.6 ND

ND, not determined.
% Man26AT of P. woosongensis in this study, ® Man26A of Bacillus sp. JAMB-750 [16], ; ManB of Paenibacillus sp. CH-3 [24], 4,
mannanase of P. cookii [21], ¢ ManP of Paenibacillus sp. HY-8 [9].
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Fig. 2. The optimum temperature and pH of PwMan26AT, and its thermo-stability. In panel A: Temperature profile (closed symbols)
was obtained by measuring the mannanase activity at different temperatures with fixed pH 5.5 for LBG. The pH profile
(open symbols) was obtained by measuring the enzyme activities at various pHs with constant temperatures of 55°C. Buffers
(50 mM) used were as follows: sodium citrate (-O-), sodium phosphate (-V-), and Tris (-_]-). In panel B: Thermostability
was determined by measuring the residual activities after pre-incubation for 1 hr at different temperatures. Each curve repre-

sents the average of three independent experiments.

sted FHH R A E YoA LBG vl £ 5ol A
vt} 28 22 Bacillus % {rEll mannanase Ul H-4°] LBG
w3l 5ol Bl guar gum &35S °F 10-15% Tl o2&
Ao Bud vt Qe=H[23], ool HI8 Paenibacillus 4] A
3= mannanase® guar gumoll i Aol F& A& ¢
F 9lor 53] PaManBE LBG Rt} guar gum?| #3550
& AL Solsttha sttt & PcMan LBG &3 24
ol B3] guar gum®] e FA ol 1.6% TEOLE wjf @Fom
konjac®] &35 703% TFOE THE Paenibacillus & A9}
2 Aol 7b AATH21]. BaMan26AE PwMan26AT9} f+AH3HA]
LBGS} konjac®] #al &40l A guar gumol gk 3)
B4 L 30% 2 PwMan26ATHETHE YA T B, subtilis®] man-
nanase®| Hl3 =9tti[16]. =3 PwMan26ATE Ul FES
mannanase$} frAHsHA carboxymethylcellulose, xylan TH&
F 9 para-nitrophenyl-B-mannopyranoside,  para-nitro-
phenyl-B-xylopyranoside,  para-nitrophenyl-3-galactopyr-
anoside$t  para-nitrophenyl-B-glucopyranosideE &3} 3}
ZEATHAE AA).

PwMan26ATel| 9] & mannans®} MOS9| £3l|4HE-& ZA
st7] slel Aol A48 At FRHES 2690 MOSSt
LBG ¥ guar gume 7|2 & stof 247 Jhe el WS
3t & TLCZ #4314 th(Fig. 3). 7 23} mannobioseE
3] %3833l mannotriose ©]/de FHEE Ze YLD
< 23592 WE mannobiose, mannose®} mannotriose?]
=AY dor HAFAES MU =T LBGY guar
gum?| £3J4HE £ mannobiose, mannotiose$t H F =7}
=& MOS7F #2599 o1, LBGEEE = mannose’} A4 F
o1, guar gum &3 4HE ol A= mannoseZt B HA gk

th. PwMan26AT9| guar gumel o £ &4 o] LBGo w3l
50% ol/olm EaldES ZASE WSl B EAE A
23 A& ks £ o LBGOll Hls) guar gum®] &3l 4=l
A FRET) 4018 BajAbEo] vl HA #EE AL guar
gum® I HA Frhr] Bk FFEIF & MOST}H H
T EAAER Ats o] TLCA A #EFHA X3 A0 4
=3

9 PwMan26ATS} ofv|edt A5/ido]l 744
BaMan26A+= mannobiose ¥ ©}Y 2} mannotirose

A %314 2.8 mannotetraose?] 35 % -$- 9k, man-

i

[l
A
=(I)l=
ol

1 2 3 4 5 M

6 7

Fig. 3. Thin-layer chromatogram of hydrolysis products of -
1,4-linked MOS, LBG and guar gum with PwMan26AT.
The reaction mixtures containing the crude PwMan26AT
and MOS or mannans in 50 mM sodium phosphate buf-
fer (pH 6.0) were incubated for 5 hr at 40C. Lanes 1
to 7 represent hydrolysates of mannobiose (M2), manno-
triose (M3), mannotetraose (M4), mannopentaose (M5),
mannohexaose (M6), guar gum and LBG, respectively.
Lane M stands for authentic MOS with a degree of poly-
merization 1-6. Mannose is indicated by MI.



1008 BB etPIX| 2017, Vol. 27. No. 9

notetraose, mannopentaose$} mannohexaose?| &3 4HE 2
mannobiose$} mannoseE Pl F AJAHst] PwMan26ATS &
o] & HAth T BaMan26AE LBGY HF Hal4E=
mannotriose 0|42 FIEE Zh= MOSE UF AR
™ mannosew "¢ &F AASHA L guar gum?] EIHAEER
+ mannopentaose B0 & MOS7} &% #A&H Z10& H1
5 3 TH16]. PaManP+ PwMan26AT9}= 22 mannobioseE
| okslAl #3894 2.1, LBG 3l Al mannopentaose$} man-
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Fig. 4. Locust bean gum (LBG) zymogram by PwMan26AT pro-
duced from recombinant E. coli. After SDS-PAGE of the
cell-free extract (lane 1) and ammonium sulfate fraction
(lane 2) of recombinant E. coli carrying a man26AT gene
from P. woosongensis, protein exhibiting mannanase were
analyzed by activity staining with LBG as substrates.
Three arrows indicate the position at which LBG in the
gel was hydrolyzed by PwMan26AT. Lane 3 represents
the standard proteins as size markers with molecular size
indicated to the right side of gel.
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Paenibacillus woosongensis®] A & %7]4 4 ZHE mannanase® T E3tE S E FF 5+ open read-
ing frames T ALY OE FH5te] o] F2YsL A7 LS 28Ut Mannanase 84
man26ATE B 3t5 0.7 1,053 ofv]msto 2 T8 B d & IE8= 3159 72 LEER o FojH . ofy|
A A7 E S 48 A3 Man26AT+ glycosyl hydrolase family 269 mannanase®t 4540 2 249
q, gste A%9Y CBM273 CBMI1E T4 5o AT Man26ATS| ofr|=it M2 P. ihumii®| {52
mannanase$t &40l 81%°] L T& Paenibacillus < 7] o2 mannanases$t 57% ©l3k9 4548 A
man26AT A4S T A2 HATY A FHd5HE 55T pH 55904 FH 9 mannanase 4
B, 50CAA 1A7F A g Fo 80% ol &4 S B AT Man26AT+ locust bean gum (LBG) gal-
actomannan® konjac glucomannan®l] 3 &3 &4 o] A3 2™, carboxymethylcellulose, xylan para-ni-
trophenyl-B-mannopyranoside® #3324 %35 Th Man26ATe] 93l mannotriose, mannotetraose, man-
nopentaose$} mannohexaose 52 W& I1Fo|y LBGERH FFY HF 7/M4Es 4HEE mannose, man-
nobiose$?} mannotriose”} A4 & A Th. =3 mannotriose Bt 2 TH= &8 19 0] LBGY guar gum®| EIHAFEE
247 A3 H 9", 28 Man26ATE mannobiose w3 tA = 283t 24945 T Man26AT= ¢4 U]
oA 374 o]} A7)Vt e 24 9z i E o] FAHUT



