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Bacillus circulans XCTC3004 71912} B-1,3-glucanase $4A-2 535t A =7 Zlkv)= pLMA460s} pUBILL0
£ o]45)4] shuttle 220 = pLMS1180& A|215L Bacillus M Z]| o]+ #8AZ. pLMS118022. &)2l4 g
H B. subdlis$}; B. megateriume THH 22 f1,3-glucanaseS JA151902, o] EAS2 M X2 F4]7 H]H5lo
A2} FAA A AR f1,3-glucanase®] F B4-& FAAF Fo 54 B. circulans®} W) E3e] X
v, B. subtilist> 149, B. megaterium2- 5 A =2] 22 FAE Vel gt 223l WAt HAA A= 218
7% A=W Hkete] B. subtilis QA RA = YA E4F AR, B megaterium FHAAIAE o 97%F A E 9]
2 Jusle AE 4 4 U9l SDS-PAGES 58 NA-F=} B. subiilis, B. megateriumo) A 28H E4e] YAl
£ A Hu) of 33,0002 A= i} E3, o] F YAARA 7} Ak B-1,3-glucanaset= laminarine] Zhg-
B}e] 2% AME-ZA] laminaribiose (G2), laminaritriose (G3) ¢]42] t}oFg} laminarioligosaccharideS-&- A 4kgto]
AR %Y. pLMS11802] 7 55 Wl M2] BAE A9 E 23 B. megateriumo| A= 88%, TN 75%,

&

B. subtilis?| A 48% = byt

Key words [ Bacillus circulans, B. subtilis, B. megaterium, [-13-glucanase, shuttle vector, stability

.

B1,3-glucanase’™ MUY FFZot R A2 o= 7
233 B.1,3-glucan polymer, & laminaring: 723 A)7 <kt
9] ghicosesS ¥ &%l laminaribiose (G2)) laminaritriose (G3),
laminaridextrins8] EHE-L == G427 Agd Ad, &
B, T3], I5AE FollA I Ade] HiEo] ffrke,ll). 5
3], Trichoderma longibrachiaram™};  Rizoctonia solani, Phyto-
phtohora infestans, Streptomyces sp. Arthrobacter, sz
Bacillus sp. SolA 478 vh glon} 2 F-Rxpe] gk Hdd
$4j0] ololxx) ki, 1 Akl Fol, MY B A
gtelo] It of syl s A B Eaol o
AL g BEAQ) 2H7F 8 TR, 14).

AT Baciiluse AZ5 DNA 71&S 59 2eld il
7V Bl ol H Sl SFolt). die #£14, Ay &
HollA I 73] & €A g1, A% St warn, 344
e 8ol B 4 ot dntA oz FA o] dHdg &
falk 917 vEe] gjze] Bl ojzgo] wET). Bacillus
= T oheE f3EH B ARgE 71xd7t ol ol
FoiZl Ael™, Akt 109 2t BacillusE A RS
N8 FFEA olEsEE 7V 293 AW I T
drl= B 5 g FAEA, competence B8} 22 Fr|9l=
AEEH ) P vioke) Bolatm HAe] gt oAl A
B DT AEA ATEAEA ol8Fo] o). Rt
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ohfe} Aabel AL Rl A yrog Hulshs o]
S10) AEH RolA hgEnct $datd AdYew F4T
HAEE BEHos YUBtE AYIAREME Fad IS
A48 gtk

S8l B. circulans KCTC3004 212] B-1,3-glucanase 72
B pUCI9E vector® 8t T ellx] 24 2 EEAA
AZEY Fhar|= pLMS30S Do 718FQ1 BAANESE O
£ 9% ¥l 9rH0)

B dyelMe AdAes £-68 549 B13-glcanaseE &
£4 07 AkEL7] 48] pLMas0T) pUBLIOS o] B-Sted thAg--
B. subtilis-B. megaterium shuttle E¢k>=r=2 #2310, {85
%52 B. subrilis? B. megarerium®] f-1,3-glucanase fHAE
olE . LHAA, Ha AN T Hu| Bk 2 BaAEe] &
R, shutle ZELPIE FBE BT AT o] FHA %

o) WEE A=) B Gk

==

Az U e
ASTF ¥ ELADIE

PAHES 95 £2F2= £ coli DHSofsupEA44 AlacU169
(DBO lacZ AMI15) hsdR17 recAl endAl gyrA96 thi-1 relAl],
B. subtilis RMI25[leuA8 argl5 hsM~ hsmM ] 2 B
megaterium ATCC14945 [wild type, B-ghicanase negative]S Ak
B39k 2 Aol AR shuttle ZE~0= pLMS1180 A2
< AT B1,3-glucanase FHAE -3 ARE Eokr=
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pLM4603} pUB110 (7y2 A-&-51530)-

HiX| 3 ME=

B. subtilis?} B. megaterium B A7 St LN HjA|
(03% beef extract®} 0.5% peplone, 0.5% yeast extract, 1.0%
NaCl, 1.0% typtone)S ARS8l 37°CeA] 2" wd3isl e,
E. coli 94 LB = LN HJAE AME-8te] 37°Col|A| ZIed vl
stk #1 AR wiRle] A$olE LB LN dAp)Ae] g
2 15% B7Vete) ARgEinh Tl A Az A
& 93} ¥|AE DMP-3 (kanamycin, 100 ug/ml HA7H(HE A&
stk E484 {72 #Es] siae 712R] laminarin
03%)< A7t FAAZE ampicillin (100 Ug/imi)o) vt
kanamyein (50 pg/miy2 AHESFATH

X =& shuttle Z2tA0| = M=

Shuttle ZT}u]=E A&s17] $18)4 B. subtilis RMI2525
B pUBLIO (4.5 kb, KmH¥} AT ZHE B-1,3-glucanase
AAE T AxH SThaH = pLMAGO (4.6 kb, Ap)E ZIZ}
52 - AASA ASk F EcoRICE BES 3 F DNAS M2
ligation AIZT}. Ligation A)Z] 7|12 shutle Tehaw|=2] 24
5 #olL 98| AFFELE A2 DNA HHS agarose gel
(0.7~1.5%) 7953t

E o473 WS A HBEAA B Aol SHE I
o2 8&th B subtilisSt B. megateriwnrs LN 3] v A=
37°Cell A Ak Beksldnt. o HiekdE 18°CelA] 5,500X g2 5
27F AR AE AHAES Do 0.5 M sorbiwol®] H7HE
protoplasting buffer (SoMM') ()& HEA|Z] ThE lysozyme (40
mgimly& BAT. 9FAA HEAe] AZF shuile STp20=
& Y1 45% PEG £47 F 4o FUCh 37°CAlA 24413
Fot o8] wjkEt FAHNDHNESE DMP-3 (kanamycin, 100
ug/ml B74) AL H|R)o] =R 2447 Bt B oFEte] o
d FEYES A%th ©lEE 03% lamivain®] FFE LN
(kanamycin, 50 ug/ml 87D B wix]el] 22 toothpickingste
Congored B4R 13y o}8, E4F84L vehils FIWEA
& ddsr.

S48 =X

FAAFAE 10 ml LN9|A(ampicilin 50 pg/ml HET
kanamycin 10 ug/ml B7HAA 37°CE 36417t B9 A& i
g & 12,000XgolA 1087 A4lReEsle] 4L e, F2
AT AAEL AA g3gdes FEdl F 20 kHzolA 387
Fxoulg FHHa)S 3 12,000% oA 1027 PR Ee] &
L NSdE FAaEA &4 AR5 B13-glucanase 4
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2 005 M ANEE2AF 4EEYpH 54)] laminarin (1%)y& =
7@z Agstgen, a4 05 mt 714 05 me EFEH
50°Col A 108 E<F WHEAZT Y% A2 3,5-dinitro-
salicylic acid (DNS) (12)0 2] el we} 550 nmolA £

= =27, vagerstg o 50°CoA 127 | umole] B0
L A FATE 1 wnitE FAIEHTE

SDS-PAGE 24

SDS-polyacrylamide gel %171%5 -2 Laemmli (8) 'Hel whet
Z=35lETh 12% SDS-polyacrylamide geld AHE, 150 VellA]
807t #7199l er] 228 BWA band= Coomassie blue
dajero g Fasle] Balekg AR

=6l MM s BN

Laminarin 7H523) 482 thin layer chromatography (TLC)
HE o)lg B3ttt &4 05 miT 1% laminarin(pH 5.4
NEZA GEgl) 0.5 mo] EHE AL S0°CelM 12 T
2477} B ¥he-A)7] E Silica Gel 60 TLC plated]] tipe 2 20
w loadingstHTh ©] ™ isoamylalcohol : ethanol : ammonia :
water (50:60:1:30) EFAE ANEVE ARG & F7] Sl
A §AB) 7AFAF)1L, 5% 4-methoxybenzaldehyde (CH,0,)%}
5%9] H,S0,, 2] glacial acetate, 90%<] ethanolo] EE= &
BO = spraydt I 120°CN A 1587 RESAIZATH

EgtAp|= otdY

25 mi¢) LB 944 wjx]e] A A (kanamycin 50 pg/ml =
ampicillin 100 yg/ml EFHE W1 7)o AZF Sepav|=E
A kanamycin W32 Bacilius B2 EA EE ampicillin 14
Ao iy FAAEA ] Bd FEUE FFB 37°CNA
12-16A13F B9 A% wiekstAtt. & At wldd 02 me 20
mie] LB A iRl HF1%st o] 37°Cel A 1216413
Bot vioRslg T vkl A= LB A Wi Z 24x]7he}cd
1:1000 SA E4sked oF 30 Al o] F d@7A] 72413 T
wjoksk 3 LB S HH s A =2, 37°CA 121647 F
Qb w kSt AT o g vlAE A B3k wiA]Ql LB 3 B
o] =gt & & 2 j00f vl Z2UE] FAA gk
A AEg QolRr] 918 FAA kanamycin (50 pgiml) E
E ampicillin (100 pg/mhol T 1B g3 HIE HjA o
toothpickingdte] WiFd 24 8 75, Sofv|E S
A RSkt

2 1

B-1,3-glucanase FEXIE &7 8 DNA EH2| subcloning
pLM530¢] B-1,3-glucanase 5.3 kb DNA ZH 9] B4
A wr] A5l v 42 FD3M subclonings EA
ot ®A), pLM530S EcoRICE 3] 0.7 kbe] BHE
23 & AR 4.6 kb BHEL self-ligation | H Y, o] A2F

B o wo
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Fig. 1. Subcloning of B-1,3-glucanase coding region from the cloned
pLM530. Symbols: B, BamHI; E, EcoRI; H, HindIIl, MCS, multiple
cloning site; P, Psd; X, Xbal; +/—, plasmid conferring or not 51,3-
glucanase activity.

pLM460
(7.3 kb)

laminarinase gene
fragment4.5 k)

pLMS1180

(1.8 kb)

jaminarinaze gene
fragmant{4.6 kb)

Fig. 2. Schematic representation of the construction of a recombinant
shuttle plasmid pLMS1180. For detailed explanations, see the text in
MATERIALS AND METHODS. Symbols; Ap, ampicillin resisiance
gene; B, BamHL; E, EcoRI; H, HindIll; Km, kanamycin resistance
gene; Oril9, replication origin from pUC19; Oril 10, replication origin
from pUB110; P, Pstl; Plac, lac promoter; X, Xbal.

et EE B1,3-glucanase B/9S VERITE T3 pLM530
2] 53 kb DL Xpal 2 FHEt] U] 3.6 kbE pUCL9S]

B. circulans B-13-glucanase 53442 Bacillus AXoAe] @& 255

subcloning SFEEL] SHA] A13-glucanase 4-2 VJEhASiTH 2
#u}, pLM5309] 5.3 kb AHE HindlI= AW Uoix] 34
kb= subcloning & A2 B1,3-glucanase TS R iA 29t
o} 9714 B13-glucanase A4S ERIE AR ZEladn
E Z¥2} pLM4607} pLM360°]2} Biels, 259 Agas A
=2 @A E7EACkER 1) EF, pLMACO Fig 2%
Bacillus A 222 HF A AL =& A45gct

B1.3-glucanase FHXE &8t shuttle Zct20[ =2 X|=

Fig. 2614 JERE vk} 29] B-13-glucanase FAXE -5
& A2 Z2P S pLMA60T} Bacillus A F oA o] 71
St kanamycin W43E€ 7RI Q1= pUBIINE ©]&3)o]
shuttle vector pLMS] 1802 A|&slg]ch. ] Az§ SagtiAn=
pLM460%} pUBLI0E Z+Z} A §EA EcoRISE AT F+
DNA @H2E ligation § 5 WA E colicll EAF A7 o]
A5 Sephues pLMS11800.% WY&, B, subrlis$t B.
megarerium 0.2 ThA] HAAZNZAC HFAAIA dFe
kanamycin 439 2245 29 & laminaring ¥F3 B9
A2 &7 Congo-red BUHE o]& A1,3-glucanase B4 o
T gl

Fok

T BoiTm Y=g HEEE FFES0| MMsHE
&0l 54

A FEE 54 GAE Dolny] 8] AlRE wiF AT
I AR FZ2EZ e F 7129) lamivarino] HE - AP
AES B3 Table 13 2%t 2, B circulans T79) B-1,3-
glucanase= MZ Ule]] E£A41517] eigkn AR AE 2]z B
SO, pLMS11808 §-83 B subrilis B3 AR AL oz 2
BS}95L, B. megateriume 97% A= A 2z BH|slgch
pLMSI180& E73& E colic A el ¢ 9397} ErE o)
AT 7%5re] AE 2= EEich 2gls 7189l laminarin
of gt &4E4E LolB A, pLMS1ISS IFRT B

Table 1. Activity and localization of an 3-1,3-glucanase in transform-
ed cells of E. coli, B. subrilis and B. megaterium

Enzyme activity

) (mU/m! of culture broth) in
Strains Cultur Cell
ulture e »
supernatant  extract  0E Rafio

B. circulans KCTC3004 40(100) 0 40

(gene donor)
E. coli DH5 o (pLMS1180) 62(7) 75993y 821 20
B. megaterium ATCC14945

(PLMS1180) 179(97) 5(3) 182 5
B. subtilis RM125

(LMS1180) 599(100) 00y 599 14

Strains of Bacillus and E. coli were grown in LN medium. All cultures
were aerated vigorously for 16 hr at 37°C before the enzyme samples
were harvested. Numbers in parentheses represent relative distribution
(%) of the enzyme.
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Fig. 3. Changes of f-1,3-glucanase activites in the culture broths
during the growth of E. coli DH5 (pLMS1180), B. subtilis RM125
(pLMS1180), B. megaterium ATCC14945 (pLMS1180) and B.
circulans KCTC3004. The four strains were grown aerobically in LN
medium at 37°C. Culture supernatants and whole cell extracts were
prepared periodically and f3-1.3-glucanase activities were assayed.
Symbols: @ - @ , activity of B. circulans; O - O , growth of B.
circulans; & -A | activity of B. megaterium (pLMS1180); & - A |
growth of B. megaterium (pLMS1180); Il -W | activity of B. subnlis
(pLMS1180); [1- [, growth of B. subtilis (pLMS1180); 4-#, activi-
ty of E. coli (pLMS1180); <> - <>, growth of E. coli (pLMS1180).

< 38 kDa

Fig. 4. SDS-PAGE analysis of -1,3-glucanase produced by E. coli, B.
subtilis and B. megaterium transformants. Whole cell extracts were
appropriately concentrated and applied o 12% polyacrylamide gel.
Lane 1, high molecular weight markers (97, 68, 43, 29, 18K daltons);
lane 2, E. coli (pLMS1180); lane 3, E. coli (pUC19) as a control; lane
4, blank; lane 5, B. megaterium (pUB110) as a control; lane 6, B.
megaterium (pLMS1180); lane 7, B. subtilis (p)LMS1180); lane 8, B.
subtilis (pUB110) as a control.

subtiliss Be] Hls)] 14¥] AR go 542 ZZPa) slge
o, B. megaterium®) 75 58} B BAEEL Bact

A B Al ZH| 2 M3 §adMe] #HE)
B. circulans$t  B. (pPLMS1180), B.
(PLMS 1180y LN¥A] (kanamycin F7hellA] 37°CR 16A17F &
of ujokAl7l F HlFAE 10 mi) LNEIR 1%(wh) HES
Z4zy Wro] HESH vk Al wE 40 A4S AAF

subtilis megaterium
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o2 i, FEs9v. Fe 3ol X8} 2] B. circulans®t B.
subtilis (pLMS1180), B. megaterium (pLMS1180)2] A5 F=&=
A9) Wste] HE I 16AT] AR 7N =St 13-
glucanase®] e 2 AL B subnlis (pLMS1180)¢} B
megaterium (pLMS1180) Z5F 164175l Hof Ao =23
% AT e FASET &, B1,3-glucanase B2 A5
Tof A9 WY sle] UL AE AL HA7] olF AAE

S & T A

oAHE 3

pLMS11808 &3t E. colish B. subtilis, B. megaterium 53
AFAS0] Yaksle FBEE polyacrylamide getd ©1-4-, £
3= WS E3le] vl E4siHTh pLMSI180S #+3 E
coli®k B. subtilis, B. megateriumollA BolF band2HE o] &
49 EAEFS 38 kDaT FHE AT(Fig. 4).

TLCE &8 &3l 52| el

29 05 miY 1% laminarin 2L A EE ¢4EE, pH
54) ZF 1 mi2] EZNE 50°Co A 2407 B ¥hEA A TLC
2 I WAES ZAVE 29 E coli DH5a (pLMS1180)8) B.
megaterium  ATCC14945 (pLMS1180), B. RM125
(PLMS1180)yS A4 A4+8 B1,3-glucanase’= laminarin®l] 2h8-8}
o F5 7}5Ee] 4E2A laminaribiose (G2), laminaritriose
(G3) ©)%4+e] T}ok3) laminarioligosaccharideE 5 A4FEo] &2l

AH(Fig. 5).

subtilis

Shuttle Ecf20|= 2H& Y

Shuttle Z2}~m| =9} ¢89S GotrR 7] flaiA A7} gl
H| x|l A FF5 3040 o) st AHEITHFg. 6). S5
2% B. subtilis, B. megaterium, E. colie AEEPI RTS
2= B subtilis (pUB110), B. megaterium (pUB110), E. coli
(pUC19)Z ALE3IHTE B. megaterium™ E. coli A= 88%2}
75%2 BwA QAT FHL fAFHe ) B sublisdl e T
Z73 3 489 2L F-RI8HTHFe. 6). FAAE Hrighe
2 Zefan=e] £48 HAT 4 Gk

[

I

B. circulans 7194 B-1,3-glucanasc®] THF AJ4k2 pLMS1180
£ ARA3t B, subtilis?y B. megateriuml 2 BEAFA|FIOZ
A 71 =Heitk E49 &8 v mel B circulgnsell B8]
HAADE B subhilins 149, B. megateriums 5¥1E JER S
H(Table 1). B. subtlis?} B. megaterium®l] BI5) &F 34| A& =
2 FAE Hole AL AX ¢lX BA) fAEHE Az £
2r]|=0o] £xpe} FA} B84 o] Apolr) ZA gl JAZ
o} AT B subtilis, B. megaterium HAAF A A A BARH
B-13-glucanase®] £¥] F3E ZAR| 2 A3 (Table 1) Uit
Lo gargE 7540 7ot AE 2 Bu)EYR, B subtilise
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Fig. 5. Thin-layer chromatogram of the products released from the
hydrolysis of laminarin by the B-1,3-glucanase in B. megaterium
(pLMS31180), B. subtilis RM125 (pLMS1180), E. coli DH5¢
(pPLMS1180). 0.5 ml of culture supematants were mixed with 1 z/ ol
1% laminarin (0.05 M citrate buffer, pH 5.4) and incubated for 24 ht
(lanes 4, 6, 8) or 12 hr (lanes 3, 5, 7) at 50°C, and each sample was
applied to the thin-layer chromatography plate. Lane 1, standard
glicose and cellobiose; lane 2, before start of f-1,3-glucanase reac-
tion; lames 3, 4, after yeaction of B-1,3-glucanase reaction from B.
megaterium (pLMS1180); lanes 5, 6, after reaction of A-1,3-glucanasz
reaction from B. subtilis (pLMS1180); lanes 7, 8, after reaction of
},3-glucanase reaction from E. coli (pLMS1180).

100%, B. megateriums 97%Z FHISFATE o] AIE Bacillus
A7t gE R 240 A o Fujo] 24 A998 & ¢
ek FAASA 7L A L] A7 Al7le] fAIglo] e AEe
el WA Z oz FAE UE - AL FoE Hol, AR
¥E 2%E 94 L& G5 B U] U constitutivedt 2
HAE 2D gle-g ¢ 4 iTh -

Bacillus RGN 7T A2 f1.3-glncanase?] ZAFES =
3 B I Fig. 4) 38 kDa® QA FHEe] e Bk
UATE ¥ 5 ATHI0). g B A4 2o AL 4t
44 S84 tas Feg 248 & 5 QA @A, R
D B, subtilis, B. megaterium®|X] A2FE B),3-glucanase= 7]
AR laminarine] g8l HF 7152 AHEE laminaribiose
(G2), laminaritriose (G3) ©14-2) w3k laminaricligosaccharide
52 Aikge] =T Fg. 5).

B. circulans B-1,3-glucanase #2492 Bacillus A48 gk 257
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Fig. 6. Stability of pLMS1180in E. coli, B. subtilis and B. megaterium
in LB medium. The culture was diluted 1:1000 with fresh medium
every 24hr. Symbols: O - O, stability of B. subtilis (pLMS1180); @
- @, stability of E. coli (pLMS1180); A-A\, stability of B. megaterium
(PLMS1180).

Shuttle FER=H=9] pLMS11802) ¢HEA1S AlolE ZAil(Fig.
6), B. megaterium HBADA = 88%, WFT-E 75%F JEY
U, B subtiliss 48%%) AAARE FAFET Lee S@)0]
R pCK108e] Zehime ¢ggy 8lms) B ), s
megaterium™F WFFON e 242k 98%, 0%E FAFSE 532 1)
IR B subtilisol A= 0.1%E Be 342 YERRATH
B. subnlisol e EehAv|Ee] BQHYAC] Castet T3)0 3]
HoE v 313, o2 HER] HE ete] ANRYIE Ak

B7let o] Fae FYAIE HEM AHRE sF2= B
subtilis?}F B. megaterium®]Th. SThA0 % QA AT S W £
o] AL AWEH, B subnilisss 3040 o)de] F3 ok
Aol FH3| AR Ao YNAME B megateriumBETH
Y53 st W2, B megateriumS- a0l glojrl=
B. subtilis BT BRI Safan = obgAL v o HoF,
T a5 B Auge) Jlerz 38 S g HAs
of ARgslobd Z oz dEL

E o] ili= 279 promoterE 7HAT QE f-1,3-glucanase
F2AZ Bacillus AEE B FYLHL A=slgnt. | vo}
7F 7343 promoter® WA iAol B8-S Foly 9T
3 Xolol & Felr), ko m B A =g A2k system
83ty dYFL g A8 2Y FASS vl YNNG F
g Aoy, ¥ PLE B13-glucanased] F3 4HE-1 vhokst
SHULFELS 1754 AEAAZ ST 4 & Aok

HAle] 2

B 975 19984 Agm SearTagn] A9y o
Fe= HSrigr - dFTEAY A3 AGgRGTAE A
W dto]dA Ax) GrAE ] A7u] Ae] o) ol
Fow, olo] k=g
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ABSTRACT: Expression of a +1,3-Glucanase Gene from Bacillus circulans in B. subtilis and B. megaterium
Ki-Hoon Kim, Ji-Yeon Kim', Han-Bok Kim® and Dong-Seok Lee* (Department of Medical
Laboratory Science and 'Biohealth Products Research Center, Inje University, Kimhae 621-749,
Korea, 2D(*.parl:rnent of Life Science, Hoseo University, Asan 336-795, Korea)

A Buacillus circulans KCTC3004 S-1,3-glucanase gene contained in a recombinant plasmid pLM460 derived
from subcloning the original recombinant plasmid pLM3530 was trasferred into a new shuttle vector plasmid
pLLMS1180 by ligating linearized DNAs of pLM460 and pUB110. B. subrilis RM125 and B. megaterium
ATCC14945 transformed with pLMS1180 produced the -1,3-glucanase substantially. Most of the enzyme was
produced during the exponential growth period. The maxium activities of the -1,3-glucanase produced by the
Bacillus transformants were compared with that of the B. circulans gene donor strain. The B. subzilis RM125
(pLM1180) enzyme showed the activity 14 times higher than that of the gene donor cells, followed by the B.
megaterium ATCC14945 (pLMS1180) enzyme with activity 5 times higher than that of the gene donor cells.
While E. coli secreted about 7% of the produced enzyme, B. subtilis excreted the enzyme into the medium
wholly and B. megaterium about 97% of the total product. The SDS-PAGE of this enzyme produced in E. coli
(pLMS1180), B. subtilis (pLMS1180) or B. megaterium (pLMS1180) indicated a molecular weight of 38,000.
The enzymes overproduced in three different host cells hydrolyzed laminarin to produce mainly laminaribiose,
laminaritriose, and laminaricligosaccharides. The plasmid pLMS1180 was stable in B. megaterium, E. coli, but
was unstable in B. subrilis.



