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B-1,3-glucanase from Pyrococcus furiosus was applied for the saccharification of laminarin, which is a
major oligo-saccharide component of brown algae, and the reaction mixture produced from laminarin
was utilized as a substrate for alcohol fermentation using yeast. To prepare the recombinant 3
-1,3-glucanase, a B-1,3-glucanase gene was overexpressed in Fscherichia coli and purified. Laminarin
was degraded to an oligo- and mono-saccharide, such as glucose, after reaction with the purified re-
combinant -1,3-glucanase, and the products after enzymatic treatment were confirmed by TLC and
HPLC analysis. Decomposed laminarin after enzyme reaction was only added to the medium as a
C-source for yeast alcohol production reaction. 0.3% alcohol production was detected from the cul-
tured broth by gas chromatography after 48 hr of incubation. Further evaluation for optimal con-
ditions of saccharification and alcohol fermentation can be suggested, as well as the possibility of us-
ing this enzymatic method to produce ethanol using laminarin.
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cohol A2He 913k alcohol & 4G9 ¥4 = #59 et
2 alcohol B8 & vjkd oA £ alcoholPHE E&ZF O
BAEtE 71& T gye] 8

27 e gdFe o1y Z M glucose T
o] 9 Je o AGYAZY B3} o Tk BaE
d3FE ©]83 alcohol & F&0| v Lohs EA7F
TH316]. WetA, 2/ fref e tdRE adA e, aga
alcohol &7} &-olst e o] TIA 29 B3 7]&9
Naks A A7 dasit

22577 A B A §53E FolA laminarin
olgte UBFv Laminaria sp.] ATl F53HA EA8)
< A4 dgFol™, glucose’t B-1,3% B-1,6 glucosidic
bond7} 3:1¢] &2 ZAgH vgiol7] vzl Zd3Ed
B-glucosyl linkageE &84 o% Bajdrid O =7 f
# o] ool Blste glucosed] FE|Z o] ®al|7F 491, &
3 & alcohol FEE H3 71AZ AR&-o] &o]3T}21].

) ZF F Y laminaring ©] &3 dFHE &
Me 2 2 1,3-B-glucosyl linkage 2=
o2 F3|stedof g4, o] 23t 1,3-B-glucosyl linkageS -3
3 tEHQ EAEE exo- £ endo-B-1,3-glucanase”} 2
dHA ATH11]. Bacillus species [1,2,7,10,12,13,17,18,20,2
2,29], Fibrobacter succinogenes [5,15), Cellvibrio mixtus [23],
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Thermotqga neapolitana [4], Ruminococcus favefaciens [8,9],
Oerskovia xanthinedlytica [6], Clostridium thermocellum [25,26,
27,30], 22 3L Rhodothermus marinus [28] 5¢) T3 v &
o A B-1,3-glucanase (laminarinase)ol] W3k A+ 9 B 37}
Ao, o]# 3 B-1,3-glucanase F A Pyrococcus furiosuset
E 2394 14T laminarinase?] 7% 2 w27}
100-105°Co] ™, uf-$- & W91 9] heat 3 pH stability7} 912
™, laminarin® B-glucan & 33} glucose, laminar-
ibiose, 12] 1 laminaritriose 5 2.2 T3 B3 rES A4k
ol YAt & d7ME S84 AT P furicsus®]
B-13-glucanase S thdtoll A thg Ld A7l 5 g
45 AFES1Y] laminaring #3soH, =

=

A= alcohol A2 &R Pichia an aeZ ©]-2-3} alcohol
HEE 5519 o et At Bt AxE B a3t

RiE %

Bacterial strains, culture conditions and vector

Cloning host24 Novagend| X TU8 Escherichia coli
DHb5a9} BL21(DE3)% Luria-Bertani (LB) broth (Difco, USA)
o A 37°CZ w43} 21, pET-22b(+)E cloning vectorZ A}
8314t Yeast (Pichia anggphorae CBS5830} Saccharomyces
cerevisiae (JENICO, Korea))E alcohol && 7524 150 rpm,
30°C 221 8tolA Horn 5[14]¢] WS ARE-ato] v 3t
o, g kel AHEE WA= 0.02% ureadt 0.006%
NaH,PO; & basal mediumo2 3o HiA¢ pHe
Mcilvaine [19]¢] ol whe} 2434t 28l 47k o
T glycerols ©]&sto] -80°CollA EE3F3A

Overexpression of B-1,3-glucanase of F furiosus

£ AT templateZ A3 DNAE Georgiat 3} A 3}
st7} Dr. M. AdamsZE H-E o} AL 2™, endo-1,3-B
-glucanase (accession number: AF013169)¢] 535 913
Joz ARetoltt ZE 2AAE A AP Sambrook
512419 WS w3t} Glucanase®] ORFE 247t Nad=}
Xhd site7} A3 forward primer (5-GGCCCATATGA
AAAAAGAAGCCTTGTTGTTTC-3')%} reverse primer (5-G
GCCCTCGAGACCACTAACGAATGAGTAAAC-3)E AH&-
o] PCRZ FF3tdth. F% ¢ endo-1,3-B-glucanasew
PET-22b(+) vector$} ligation $ ¥ £ coli BL21 (DE3)] trans-
formationA| At 1 mM isopropyl-B-D-thiogalactopyrano-
side (IPTG)E ©] &8t HFLHS F% F Ni-NTA affinity
column$ o] &3t stA BA| ahlet. FAIg F2 o
A9 fr
acrylamide gel electrophoresis (SDS-PAGE) 43 % coo-
massie brilliant blueZ $G2ste] &2lst4Th

AAZE  sodium dodecyl sulfate-poly-
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Analysis of 3-1,3-glucanase activity using laminarin

Ag B-1,3-glucanase®] #7432 50mM Tris-HCl (pH 7.5)
buffere] laminaring A 7}8k] 100°Cel 4] 3hr ¥HS 39 th.
B & A E fre@d e f-F= thin layer chromatog-
raphy (TLC) HZ} high performance liquid chromatography
(HPLC)E o]-&3te] 18ttt TLCE Silica gel 60 Foses
A3 T A8l n-butanol: acetic acid: DW=2:1:1¢]
HI &2 AMEston, fedd ] f 7 10% 4t 8§95
Y 5 110°Coll A ¥-& F spots®] BAS HATOEH el
3t9Ath. HPLCE ©]&-3to] glucose®] 75 FAIol &<lst7]
93t aqueous GPC columns (8.0 mm id. x 300 mm)
(SUGAR KS-802; Shodex; Showa-Denko K.K.; Japan)& A}-&
8}o] isocratic 2.2 100% water & 52 0.5 mL min'Z re-
fractive index detector (RI-102; Shodex; Showa-Denko K.K;
Japan)2 743}t

Alcohol
products

Laminarin #34FHES culture media®] Y3 carbon
sourceZ 3} alcohol HEE 3313 Th Alcohol T& o A
§3 FF= P angophorac®t S. cerevisiae= % 2+Z+ 150 rpm,
30°C 271 stoll A 24 hr T 48 hr B Wi & A2t olg
9] A&7 S gas chromatography 24 #4131 ch. %
g S ol EA)8t= olehg LS flame ionization de-
tector (FID)ll ZB-WAX plus column (30 m x 0.25 mm i.d.
x 0.25 um) (Polyethylene glycol; Zebron, USA)S A3}
gas chromatography (Agilent model 6890N Series)Z <13}
Ach o FFe s FFFAF Hwste] 53
t}. Gas chromatography 4]l AH&-% gas= EF 99.999%
o AFEEE AHESAT

fermentation with laminarin degradation

T Y
Construction  of plasmid DNA and
recombinant B-1,3-glucanase of £, furiosus
PCR HH3-0. 24 894 bp<] B-1,3-glucanase ORF 37} 5
FAES ATHor ol ¥ F 3o, o] F pET-22b (+)
vector$} ligation $ W& hostQl £ coli BL21 (DE3)d
transformations} 31 t}. Plasmid W $-1,3-glucanase ORF+ se-
quencings Eate] AYE B3 FVIMES A H,
IPIGE ©]&3 =8-S T3ttt Fig 10 Uebd AA
A host £ cdi®] MlFZY F IPIGE o]&¢ tfx wdo
AEAYE Bletglon, oF 33 kDao) @ Ed € A=
B-1,3-glucanase= W3 inclusion body®] HE|Z cyto-
plasmoll A EAeHS FAtth 2532 A8t cells
%3 % inclusion bodyE @A SH, 6 M urea7} H7He 20

purification  of
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97 kDap

66 kDab>

45 kDab>

30 kDap <32 kDa

14 kDap-
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Fig. 1. SDS-PAGE of purified recombinant -1,3-glucanase. Lane
M, protein marker; lane 1, crude £ coff lysate; lane 2,
induced E. coli lysate; lane 3, cytoplasmic protein of in-
clusion body; lane 4, purified B-1, 3-glucanase.

mM Tris-HCI (pH 8.0)% ]%‘311 denaturation a0,
20mM Tris-HCl (pH 8.0)2 3}5%%5 < §493}¢] re-folding Al
21 ¥ Ni-NTA affinity column % ﬂ WO 2 his-tago] H7}
d &4 AZF B-13-glucanaseTHS HA & 4 AU

Analysis of 3-1,3-glucanase activity

A A 2§ B-1,3-glucanase 5 ngS laminarin®] 0.5% 3
7} 50 mM Tris-HCl (pH8.0) 1 mlell Fo] ¥HAIH T B
-1,3-glucanase$} laminarin®] ¥H&- 3 W34S TLCE T3}
A laminarin®] £33 2 E&E L] FFE A}
ANEE W} o]53 spotEe HAE B¢ A}, A
B-1,3-glucanase®] #7}5 A ¢l liminarinHS % 7}3 con-
trol &1 spot2 H7)&ufel] g o]Fo] A glon,
B-1,3-glucanase$} W88+ laminarin &4 theFet T/ A
A &EaY e T3] FHE FaEs ¢ F Ao
glucose®] Rfx|9} FUS spote EA3F UUTHFig. 2).

P

HJ3

1 2 3
Fig. 2. TLC analysis of hydrolyzed laminarin product. Lane 1,

glucose; lane 2, laminarin; lane 3, laminarin incubated
with recombinant (-1, 3-glucanase.

HPLCE A8 4o M & TLCY ZA#o} vhiA 2 stand-

ard 542 Y glucose$} retention time©] Z-& peak”}

A5t e, & retention Al 7HIA JEIIY = peakEO] 2l
o 1212 laminarin®] glucose 2 glucose ©]

gaugoes &3 HAeS ¢ & 9}15\’1‘3}(Flg 3)

P

%_
F 9ee wel F4v

Alcohol
products

o e-E AJ4kE 95k Milvaine [19]9] W oA AL-E-3 vj
219] & Csourced HJ AL laminaring B-1,3-glucanase
2 A3 g HE CsourceZH 7135 o] FA v
W Aol P angophoraed} S. cerevisiaeS 7% 3+ alcohol W&
£ Y3k vl F gas chromatography 2 <13 23
S. cerevisiae?) & B-1,3-glucanasedl] 2] 3 laminaring] 3|
AE-S Csource 2N AF&-3ted AJAMS o EF-S-0] 3F2Fo] HjA|
el v sl e, P anggphorac®l 7% S cer-

fermentation with laminarin degradation
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Fig. 3. Typical HPLC chromatograms of standard glucose (A)
and enzyme treated sample (B). Peak 1 means glucose
and peak 2 means Tris-HCl buffer.



evisiacd T B 49 eSS ANt 3 € 4 AU TH(data
not shown). kAl £ A M= B-1,3-glucanasee] <]
laminarin®] E3|AHES C-courceE ©]-&3F bio-ethanol A 4F
< A% BFEN P angophoraes AHESESATH

Lammarm EAHES FLS CsourceZM P, angophorae
E AJET F M 44 F e o ©-E-2 laminarinie-3f
18- 7@-7}% laminarin®] & =0 welA AJstake] F7181%
T3]-(Table 1). £493S 93] #7142 laminaring] F=7}
05%Y 73 2427 ol A 48X 7174 A] B kS alcohol 2]
A rko] ozt F7ket=d HIsl 2% laminarin®] FajAHES
7F& % 05% HlsA alcohol®] Aike] FA A 57}
St AoH AlZbell whEbA & 48A17F Hl oF A] 2441 7F ul <k
sto] A2 alcohol A4S 267 He A& & 5 AU
et 4841 7F o] Foll = AAbeke] Wsto] AtolE HolA] U3
Th(Table 1). ©]¢} 22 A+ laminarin®] 23] #=7F =2
5 P angoplhorae’t S32E HERRSO) AHEE 5 8l
wjo] AE = glucosed] o] Bohe AS & 47
A5 5L gk ¥l 9] laminarin —rOH*} 3 glucoseS 0]%
ato] Zbzke] o gh& AR S HlastlS Wl glucoseR th
= A Fe 89 ofeh-S S laminarin £ E
A Yetstth o9 22 A= laminarin®] $-1,3-gluca-
nasedl| o3 WAtE= ER o] &4 glucosed] FE7} H LT
9 glucosed] FERT H3& & & silen, TLC A7
5 HPLC EA oM E HolFa 315
+ glucoseo] &) ®3 O v ©F{FI}F EATS & 77t
AU TH(Table 1). webA] Boh B ogb&S& Aikatr] 9feiA
+ laminarin® B-1,3-glucanase®] ¥H§ A7t HA =7 4
1A Ba A Mg S de wE A AFstel
P, anggphorae 11577} oA &-E At ALE3 & Q1= glucosed
A %ol laminarin & 258 gHeto] Fadit= AL &

A 4 s

l

O
rr
2 M M
:?l_',

:L

]
AN

o] laminarin &3} A&

O
9 blo-ethanol *@ WAE BEAAG 2R, B olge
biomassE et WY 2
2902H o] &3 alcoh 1 WS ARE3taL 9lom, o
31 s TEH"}E«] ‘3’\} /‘] o ‘3‘1_‘ Adte 54

Table 1. Ethanol production with different concentration of
laminarin degrading product

Ethanol concentration (% v/v)

Carbon source

24 hr 48 hr
0.5 % laminarin 0.04 % 0.05 %
2 % laminarin 0.15 % 0.30 %
2 % glucose 0.80 %
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ATH3]. ek B AFo M= u]A &S alcohol HE o] AR
& & glen, gk ArtHe felEdol gle WHe fst
o, 27 209 laminarino]2h= TS ARS8t B-1,3-glu-
canase?} {33} %‘EH AFE-o] alcohol & 0] &8 5 3l

0}04 bIO ethanol 3
[ty Yoz £ 7

RS T o ehE At
4 A75 FEL Ao
7U\}g %
o] =& 20098 s 71433 SedTH Y A
A& ol £ A%(PK-2009-20).
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X2 Pyococcus  furiosus®]  B-13-glucanaseE x2St laminarin 2dl AEE2 0|88t HI0|2
OfEt=Z2l AAt

Al
Ol

(AT AT}, 2 st oA Bstoist vho] 0.4 F 25

ZzF Fa9 92H< laminaring 712X TEA vAES Prracoccus turicsus®] B-1,3-glucanase} ¥Hg-
A7 F, BHAES yeastE o] 83 ¥AE LAHFE Foto eSS Atz st AFE SR
33 kDa (297 a.a, 894 bp)®] A|ZF B-13-glucanases WA ollA F& $ 3tA A stglom, A 8
-1,3-glucanase 9} laminaring ¥Hg-A17l 23 93-S L3314 oligod FE|Z £ ¥ TLCS HPLCZH 113}
Atk 22ar o2 BfAES ek A A FUdT S o RN HIEt yeastS vl T A} 4847
Hole AX =2 A 03%Y ¢3S A4S gas chromatography 24 8184t} mhebA] 3-1,3-glucanase
o} laminarin®] # & Eauhe F yeastd] HH ¢3S LE 278 gHdtd £ A7 PSS o] &3 xF
ZHE Y bio-ethanol®] Y& 43 Aoz 3 & ¢ glogeta ddd,

"

\Ir_{m

rd o

73



