The Korean Journal of Microbiology, Vol. 36, No. 1, March 2000, p. 8-13

Copyright ©2000, The Microbiological Society of Korea

Trichoderma koningiiOllM 22|58t B-glucosidaseS| S22t

HES - HNY - O[T - WEAP - BOlY - BAS -

B!

SACHSD MHnfsie MBS 4SS, SHiEn 0jdSEw

Trichoderma koningii ATCC 2611304 24|51 f44¢] B-glucosidaseZ cellobiose, sophorose, laminaribiose
3 gentiobiose 52 7)A3} ukg-A)7] F &3¢ transglycosylation ¥hg- AHE-S B4315v}. 4] 71A 2R 44
9 o]ukA| (dimer)5-2 HPLCZ ¥2]3l3 'H-NMR spectroscopyE E3led B4 515it). CellobioseZ 7|12 R ARS8}
o] FA9} HhgA1H-E o L AHE-]|&= laminaribiose, sophorose 3 gentiobiose’} ZHE 3128 H4% 4+ Ut
Laminaribiose, sophorose 3 gentiobioseZ 7|02 AL&315d-& 73-9ol] HAL transglycosylation W3-8 331 A}

2.2 Bglycosidic AL 4= o|FAE
&= g3t AAHE A2 veue

& QB Loikeel o)3le] FASE oA R ASERTE

Key words (] B-glucosidase, Trichoderma koningii, transglycosylation

B-glucosidase:= cellobiose$} cellooligosaccharide®l] 283t
IEFE AAShs EAEA B2 FAENA EEEo AT
Rh(1,69,17,19). ©] AAY Hfrd E3fAMd 7w
cellulaseE°] A= cellobioseZ A ATt AHEo] 23t 4
ASNE AMAsE Aoz olsfiEH Yrk21,25). Y7 584
o5, cellobiose, acetyl cellobiose, thiocellobiose, gentiobiose,
thiogentiobiose & sophorose & %2 F3°]9] cellulase =
24z d2iA Aoh,11,14,15,16,18,20.21). ©] FolA F EA}
o] xwde] B12-24%0 7 o]Fol sophorose= Trichoderma
ZoA 78 ZEE AEEAE BuEI0H14,16,20). 28
celluloseZE-E] sophorose”} AJAEE HHol dsldye Z&
3] dE AR LUT VaheriF(22)2 cellulases} celluloseE HF
LA1A sophorose”’} BAHES RAF 0L, cellulase E3HA1F
ol Aol olE AAsIERE RAFA ZArh. Gusakovs(5)
& Aspergillus foetidus*| A1 #-2]&F Bglucosidase 7} cellobiose
2RE 1,6 28-S 2 UgFE 88 B 131$151, Watanabe
2L B16 2EE Zte A A (trmen?l 4-O-B-gentio-
biosylglucosideZ B-glucosidase 2HEZ B3l o] = B
glucosidase?] transglycosylation®l]l thale] We& RS0 9AS
u, o1 ARE o] eS| EAEAE EAUTh(1,8, 17,19,21,24).

B =FME  Trichoderma koningiidld E2H S
glucosidase$} 4559 Blinked ©]% 7 (cellobiose, sophorose,
laminaribiose, gentiobiose)E WH3-A17131, 1 AHE 5 o)A
(dimer)E HPLC$} 'H-NMR spectroscopyS AH&-3le] 43¢
o2 o] £49 transglycosylation W3-8 &3] o33t uAt

st
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Cellobiose, sophorose,
phenyl-D-glucoside(PNPG), % D,0& Sigma Chem. Co.(St.
Louis, USA)°| 4], acetonitrile2- Merck(Darmstadt, Germany)©l|
A Fdeigc.

laminaribiose, gentiobiose, p-nitro-

g4 #M X

FARREE 500 wo] 2 mM PNPG <} 480 w/®] 50 mM =
At Shgolpd 5.0) 2 20 o] ARG 4L F 08 T
Qb 40°Col| A ¥H-AIF1AL, 2 mi2] 1 M sodium carbonateE 2
o] ¥h3-S HEUTh 10 me] SHFE A £ A0 |
B2 AN FAGAEN T FENHEEAGNA 1 umole
PNP min"'& A48k E4902 A3t

sS40 22

f49 &= olv] X33l vie} o] gelfiltration, DEAE-
Sephadex A-50, H7]9g5ol 28t o]FAFTI13). WA T.
koningii ATCC 26113 18 LE ®iY3 & Bio-Gel P-150, gel
filtration(50 mM 34} &89, pH 5.0, 2.5x100 cm)ol] ¢]3}
o 2y3lgeh AERF Belucosidase F-HE F5F F(PM
10 membrane; Amicon). 214t5-8-H(pH 7.0, 20 mM)CZ 1L
$15}1. ©]2 DEAE-Sephadex A-50 column(2.5x50 cm)ell 3}
& 5Y3 dFBgoz §EIPT ©)F 5T F B
A719%¢) sl BEIAT #H AVNFTE gel T=
10%, C=2.7%%] B gelS ALEEATE. H/M & Bglucosidase
band: esculine®} ferric chlorideS ©]-8-3 Bl <J3}e]
QAT (12), e gelS B35l -&Z31ATh Esculinet
ferric chloride Z£AFHE-8A(50 mM, pH 5.0 F48t] A
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HPLCO 2[8t 24

Cellobiose, sophorose, laminaribiose % gentiobiose & ZAF
$229(10 mM, pH 5.0), 40°ColA B9 wHg-A1ZTH A4
3 A1t Ao g A8 A3 GumT Browns] W 4)ell
o} 459t} NH,-column(Waters Associates) AH8-3F
oW acetonitrile 80%% SVE 3t 1.5 ml min”' =T &
23193, RI 7&7](Waters R 401)E o]-8-8te] HE3IHT)

'H-NMR spectroscopy

'H-NMR spectroscopyZ 93t Zpzhe} 7148 5 mie] HE
B2100 mM 714, 059 U &4, 10 mM 244589,
40°C) 5-20 A]7X(cellobiose 20 hr, sophorose 5 hr, lamin-
aribiose 5 hr, gentiobiose 16 hr) ¥rS-A1Z1 & WHEAHES
HPLCZ E&3l9H. #2]%¥ AlS+ rotary vacuum evaporator
9} speed vac concentratorE ©]-8-3t] ¥53 ¥ thA] HPLCR
2astart. Ee® AlEE speed vac concentratorE ©]-8-3}d
A 553 &, P,07F EFE desiccatoroll A 29 &<t 2F
AZ3HGe) olF D,0(99.9 atom % deuterium)ell =o]1t AZ
e A S 23] AAJsle] 22 protond deuterium 2 WAL
T 0.5 ml D0l HPTH NMR £42 A-gujshal 7]2%38}7]
740l o]F 3t Brucker AMX 500(5 mm tube, 303 K)°.
2 B35 4 TR BEZ9 chemical shift(3)9} relative
coupling constant (J,,) #< W3 EUTh cellobiose [~
anomer; C,H-1,, 523 ppm (J,, 3.8 Hz); C-H-1j, 452
(J,» 79). Banomer, CyH-15, 467 (J12, 80), CgH-13, 452
(J12, 7.9)], sophorose [a-anomer; Sa—H—IL, 545 (J, 3.7
S H-13, 4.64 (., 80), Panomer; SyH-15, 4.80; (J,,
8.0); Sﬁ-H—lz, 473 (J,,, 8.0)], laminaribiose [¢-anomer;
L, H-la, 525 (J,, 3.8); LyH-15, 472 (J;, 80), f
anomer; LyH-15, 474 (J,, 8.0); LyH-15, 4.68 (J,,, 8.0)],
gentiobiose [oranomer; GgH-1,, 524 (J,, 3.8); G,H-1j,
450, P-anomer; GyH-1y, 467 (J,, 8.0); GgH-15, 452
(. 8.0)] (see Fig. 5). ©] 5L Bryuns(4)°] B3 A%
e} AA 8T
el it
ga0| 22]

18 1 Mok o 2 2E 40.8 units?] AAE He]519.oH, SDS-
PAGE % analytical isoelectric focusing geleld &F=5 <1

st} o] Az ov] Bk uie} rh(13).

0| ZtXl(dimer) 22} transglycosylation 44

Cellobiose, sophorose, laminaribiose 3 gentiobioseZ 7] &=
AHE-8te]  Bglucosidase?} RESAIZI A JheEAEHS
transglycosylation AHE-S 25 ZAET 4 AU} Cellobiose ¥t
2] A$(Fig. 1a) 7FrEel 2HE<¢1 T 2ol gentiobiose=
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Fig. 1. HPLC analysis of reaction products formed by B-glucosidase
from different substrates. Substrates and reaction time: (a) cellobiose;
7.0 hrs, (b) sophorose; 1.5 hrs, (¢) laminaribiose; 5.0 hrs, (d) gentiobi-
ose; 3.0 hrs. Reaction mixture: substrate (100 mM)+enzyme (0.59
units mi™).

FHEE peak(C22 FA7E AIZbo] Adel whe} Z7etgc.
Cellobiose YX|(C-10.8 #A|) Yo% 2He peak?} UERG=H],
o] laminaribiose® FHHAAT Fo] UF- Aol &ElskA
orqtt), BEAo) AlE-E HPLC ZHo|A= sophorose2}
cellobiose7} ZX]7] W&o sophorose?] MANF= 113}
ZL&19 v} Fig. 1bo)+ sophorose(S-2)E 7122 A8l H &
A% AAEE BTG Uehhgie, Holx 2 279 A2e
oA 7 MAAFEATHS-1, S-3). Laminaribiose(L-1)$} gentio-
biose(G-3)2} A= 247 2 FF2 AMEE o)FA7F HPLC
oAl BT o]F 7t L2, L-3 B G-1, G2E &4
3FiTHFig. lc 9} 1d). B8 ZH-$olA 1 57 o) 2eA
(trimer)7t BEHAEH, ofof] tigt B4 BepA] LTt

Fig. 2a, 2b & 2co] YEPH AXE gentiobioseTtT FH =<
peak(C-2, -3 & L-3)= A&H 02 F7RIAth the o|¥AlE
g Folle 1
ofo] © oA FU)etA] ¥UTh E=F(I00 mM)= transgly-
cosylation ¥-3-2] =8A2 Hr}gk Aol o|GAEY Al
Z7V8+3}. sophorosedl EEFE Hrbste A7l A 74
Z} laminaribiose$} gentiobiose® FHE+= o]FA, S-1 ¥ S-3
Sol W8 1 A3 Folle fANgE o] AAEAS Y, AT &
o= S-32) AAdEke] s-19) wiste] VAT BolRthFig. 3a
3b). GentiobioseS EEFo] X el 4] vhgAIZl A3}
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Fig. 2. Change of the concentration of reaction products formed by the
action of B-glucosidase. Substrates: (a) cellobiose, (b) sophorose, (c)
laminaribiose, (d) gentiobiose. Observed values: Substrates: [ ; cello-
biose, O; sophorose, <; laminaribiose, 2 ; gentiobiose. Products: @;
cellobiose and sophorose, 4 ; laminaribiose, A ; gentiobiose

< 27l9E G-27F G-19) 28 AxE AAEHAIL, Whgo] A&
o whe} G-29] %ol B gA FHEHATHFg. 3¢% 3d). G2
+ sophorose?} cellobiose®] EIFEZE, G-1-2 laminaribioseZ.
ZA=YTh Wood®) McCrae(24)9] Kt np2w o] gao
9|3} laminaribiose®} sophorose®] ¥4 % 7] cellobiose T} B
271, gentiobiose?] E3 &£=7t 7 7o} B A3e] A
£ olg)3 Baj&re] zolg} #AUYE A2E Al dh Fig.
22] transglycosylation 4HZQ1 o FH o] & I PHEEA=
& zlol7t glovt, Bal& =g Apolo ot FAEE Fol A
o] L= Zow ATEAUTH

'"H-NMR spectroscopy0®i oj8t 2&t7 24

Fig. 1°] Yeld nl9} Zo] laminaribiose, cellobiose, sopho-
rose 2 gentiobioseE 7|AZ A8 HAS 7§ transglycos-
ylationdl] 2J3le] Hox ¥ ZFHo| 2L oA BAHHU=
], ©]5& retention timeol] 2J5}] FA-L2 JFF3IAAT H&
3 222 Yr)E IR E3] cellobiose®} sophorose=
HPLCO) ¢j3te] Ea)5)#] @97] Wie] &g 5 et o
24 cellobiose ¥F&AHEOlA  C-13} C-2, sophorose AHE)A]
S-1, $-2 2 $-3, laminaribiose 2HEA] L-2 B L-3, gentio-
biose 2FES)A G-1 2 G-25& 'H-NMR spectroscopys 53t
of B8t

Fig. 49l AAIg transglycosylation WHSAHE-©] 'H-NMR
spectradll WER proton resonance signal(H-1 protons)E €l
chemical shifts Zt coupling constants 348 EFZ2] 3kt HI
TG} CellobiosellA] 283 C-1(Fig. 4a)9] H-1 protons]
A= A7) doublets®] ZHzh 5.23(J,, 3.8 Hz), 4.67 9 452
ppm (J,, 80 Hzol YelRTh ol 22 C H-1,, CpH-1 5
2 C, H-1590 #Bstgeh. &8 2 T-A 545, 464,
480 & 4.73 ppmeollA] & doublet signatgo] UEeRt=t), ©]
= 72t S H-1,, S;H-15, SgH-1, R SgpH-1; % LA
om, 525 472, 4,74, B 468 ppmell LUEE doublet signals
& LoH-1;, LyH-15, LyH-1; 3 LyH-1; 9 A8 o]
3 AHRZRE C-12  cellobioseol] 7| F2]

sophorose 2}
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Fig. 3. HPLC analysis of reaction products formed by f-glucosidase
from sophorose and gentiobiose in the presence of glucose added as an
acceptor. Substrates and reaction time: (a) sophorose; 1.0 hr, (b)
sophorose; 5.0 hrs, (c) gentiobiose; 4.5 hrs, (d) gentiobiose; 24 hrs.
Reaction mixture: substrate (100 mM)+glucose (100 mM)+enzyme
(0.59 units ml™")

laminaribiose”} EFE AYE & F AU 712 cellobiose
S NMRE 223198 woll= cellobiose ©]2]2] ol th3t
signalg°] A3 AZHA &Av] WFel ols HEL A9
transglycosylation 30| 2J3te] AAE ADE EAE 5 UM
t}. Cellobiose HFS AHE & C-2004E 4709 doubletE©]
5.24, 450, 4.67 2 452 ppmol A e gentiobioseR S &
=tk (o] AFE Fig. 4d9] $-39] spectrum® YA}
W) 2o AAISHA 2¥9kt)). Laminaribioseol] A &8 3 L-2&
cellobiose®} sophorose®] EHEY-SE HRISHAIL(Fig. 4b),
sophorose$} gentiobioseoll A} E& g S22 T G2E L-29
spectrum®}  the3]  FABIATE G-1(Fig. 4¢) F S-12
laminaribiose® EARE AL, S3Fig. 4d), L3 P C2=
gentiobioseZ VFERTE,

Cellobiose, acetyl cellobiose, thiocellobiose, gentiobiose, thio-
gentiobiose, 3 sophorose thekst Zgolol A cellulase ==
A2 BRuATH7,11,14,15,16,18,20,21). °1FX X=T9] B
1,2-23%}F o|ZA)<l sophorose™ Trichoderma 4904 717 AL
3 SxERT delA PrH14,16,20). T reesei] extracellular
B-glucosidase EAHo] FF= cellulased AR ZSHRL,
sophoroseZ 7181 cellulase fr=5°] FEHo| Rt
(3). WEbA Bglucosidase’= celluloseZH-E] sopho-roseE 443
3 Roleh= 7Kl rhsstuth B3 BAF olBA ol gk
permease= sophorosed]l TH3ldM = 2Hg-3to] B EATHI0).
GusakovE(5) A. foetidus A 223 Bglucosidase$} cello-
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Fig. 4. "H-NMR spectra of the glucose dimers formed by the action of B-glucosidase. Samples: (a) C-1 from cellobiose, (b) L-2 from laminaribi-

ose, (c) G-1 from gentiobiose, (d) S-3 from sophorose

bioseE WH-AIZ] & UL transglycosylation 28-S HPLCZ
H295}o] gentiobiose} isocellotrioseES F2)3FSITE o2k A
A= HE Bglucosidaseo] 2]3F transglycosylationiHe2 -1,6-
glycosidic ZE& ZETT Hus§itt. £ A3 Ao n=
A g6 A okt B4, 12 R B1,3-glycosidic AT
o] transglycosylation®]] 9]3ted Adgol R RITE. Vaheris

(22)2 T reeseiol| Xl ¥l cellulase$} cellulose® HHS-AIZ] &
B3l AHEE GC-MASSE #2493} sophorose, laminaribiose
2 gentiobiose”’} AAHE Bid ¥} Qth U o5&
cellulase B3NS AFETO Z A cellulase RS F o= 4
7} ol& AFES AR welA] B e B iy
£ 53} B-glucosidase®] transglycosylation 4J0] X1 EATH
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Fig. 5. The location of H-1 protons of cellobiose, sophorose, laminaribiose, and gentiobiose
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ABSTRACT : The Action Mode of B-glucosidase Purified from Trichoderma koningii

Jeong, Choon-Soo, Ji-Young Choi, Heon-Ju Lee!, Pil-Jae Maeng?, In-Seob Han, Sa-Ouk
Kang', and Yung-Chil Hah!(Department of Biological Science, College of Natural Sciences,
University of Ulsan, Ulsan, 680-749, Korea, 'Department of Microbiology, College of Natural
Sciences, and Research Center for Molecular Microbiology, Seoul National University, Seoul,
Korea, “Department of Microbiology, College of Natural Sciences, Chungnam National Uni-

versity, Taejon, Korea)

We have examined the mode of transglycosylation, catalyzed by an extracellular S-glucosidase purified from
Trichoderma koningii ATCC 26113, using cellobiose, sophorose, laminaribiose and gentiobiose as substrates.
The dimers separated from the reaction mixture by HPLC were analyzed by 'H-NMR spectroscopy. When
cellobiose was subjected to the action of the B-glucosidase, the products included laminaribiose, sophorose
and gentiobiose. When laminaribiose, sophorose or gentiobiose was used as a substrate, the S-glucosidase
accumulated transglycosylation products possessing different types of -glycosidic linkages from the original
one. The amount of dimers accumulated as reaction proceeded seemed to be dependent on the velocity of

hydrolysis but not on that of formation.



