(ST-B)

Bac111us 11chen1form1s.4 Wd4 o-amylase X maltogenic amylase
AR Feloh 2 xa B4

Q

29 8.
Agtista w3l NE3en

A&

~ a-amylase[a-1,4-D-glucan glucanohydrolase, EC 3.2.1.1, endo-amylase]
£ 5.AES uRsted n4Be ol2sizkn de EEFo °'°n4
amylose, amylopectin 128]3 glycogenS3 & E}‘:‘ o &A3l:
-1,4-glycosidic AYE 7H4Eolsin, AR A3t FH) WEAoE *}
|5 it} v ‘
’ a-amylase?] cétalytic 2h8.2 g-1,4-glycosidic Z¥lo]l aspartic acid
'%—2]' carboxylated anion®] nucleophile®, histidine?] imidazolium
:cétionol electrophileZ Zt&30 T o]FojxEwd MatsuuraZF(7)L
Taka-amylase A2] X-ray crystallographic #4& E3}o Taka-amylase?]
B4 H9)(active center)oll= His-2102} Asp-2970] #3}u, 71 A
‘—r-?—l(substrate binding s1te)i"' His-122, His-296 @ Asp-2979] %%5]
of gittm mastach

ZEo] AEE E33le] 543 oligosaccharideqtE Mejzog A
At AMEE amylasert WAEI]  AASIEAN  BAE o]&Y
ollgosaccharxde.J Aate]l BA A7 5] ¢l Takasaki(16)= maltose

g FE JAsle anylased WAsle] BRI E slgich

Debranching enzyme2 AFolu} amylopectine] &3l
-1,6-glucosidic linkageE £33l HAE IHEAFo|L njAdBo &x
3l Qlt}l. Isoamylase, pullulanase ¥ amylo-1, 6-glucosidase(10) So
o] ol &olu olZAE olgsi BEe WHES BY 47} dof A
FdolX HEA a-amylases} ¥7] de| o]-&x 3 glct

Pullulang maltotriose’} a-1,6-glycosidic linkage® 4G

polymer & a-amylasel} B-amylase5 e EFAZE 2aEA o3,
pullulanase, isopullulanase 2|3l neopullulanased]] 2]3jA] E3E]
533 W-SES AAgtl, pullulanase:= 1961d _Bender 5(1)ol] 2]}

f'lff——v:s:
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Klebsiella aerogenesEH-¥  WAH FAEH pullulan«] a
-1,6-glycosidic linkage® . E’B}]U}Oﬂl maltotrioseg "“*}b‘}ﬂi
Isopullulanase(11): pull‘ulanoi | 2851 a—l 4-glycosidic linkageS ¥-
33} isopanosed AAtstn], Lol ¢efx]7] A& neopullulanase(16)
L g-1 , 4-glycosidic linkageoll Z-83}} isopullulanases} = 283 9]
7} @&} panosett & Aot o) Rag: glrh

Amylo-1, 6-glucosidasex a-1, 6-glucosidic linkageE 7}423] Q i
ofUet &3 Ei= © Ho|Zg-g stuglel AEE linkageE PsHe Zo| A
Hoich. E3 Ddol28-g 71 anylasex T4 RIET QUcH2,8). David 5
(2)% Bacillus megaterium®.25-€] A28 Hefe] amylaseE WAL cloningoll
{é%i}‘}&t}. oliL s AR 2Ll a-1,4- Y a-1, 6-glycosidic linkageé- =2
hstod w2} A glucoanylased} WAl Y H$ B4E0) 0.5-0.7% AF
sl Rasta gloen EF glucose &ZH'G}Oﬂ pullulang 714-E3A71H 2
Ho] LS dt=v glucoseE panosedi *10]*]9101 a-1,4- glyc081dlc 11nkage7}
A"k Rasta gl

Isopullulanasel} neopullulanase’} pullulane]] 2}-23}ed *“7] isopanosel}

panoset= #X|(branched)® Aefo|BE oL AlEE HIEY o8 U &
A AH8E £ dEd olE 24 Llawd A& vty AE7} i, =
Zolzoln, W £F BAEE /AT S EtolUel Fu A BlfldUSE
9] growth factorZ &3l 2oz <A QUrk(3,5).

wtetas] Eox= B, licheniformisEHE WA a-amylase U malto
genic amylased codingdl= SAXE E2ldle] Expg&olMe] HE& uefsta
3 34 BYE e okgd, U9 a-amylasest Aj2-2 FF 2 anmylase
o] Aty FwojA e ol& sHsdel thstel 43 TAE B vlojrh
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= &
1.U ¥4 a-amylase R Maltogenic amylase §A=}2] cloning

g4 a-amylased] 44t FF¢ B. licheniformisolAd H 43 HAo] ciE U
d4 a-anylase®} maltogenic amylaseE codedte £718] SARIE Helsilod,
z} §Ate] o]3] WAIEL: amylase®] HAZ B RASIth E coli HBIOI
2} pBR322E 4T MIXES} vector® ZtZb AlR&lo] B. licheniformisollA UgA a
-amylase®} maltogenic-amylased codedlts FAAIE 2elst] zZtzte] =g
DNAS pTA322¢} plJ3222 @ sloArh(Fig. 1). : '

pTA322

(7.4 kbl

Figure 1, Restriction map of pTA32 and plJ322
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2. PAARHA A FAHH amylaseo] B/

U g4 a-amylase®] §AAN= B. licheniformis @AAe] 3.1kboj] o2&
EcoRI DNA ©hHlo] Existgirh. RAABA]N AL a-amylase?] HH L=} pH
Z}zt 70° C QL pH 6-9 oS3 5uMe] Ca** o] Za)A] A3 X7} 90° CE A
stgdon), BFFolN @ Hadt FUY BHE Uehigich o] xae) Exiy
55,000, T3 7.24cl

Maltogenic amylase?] -§AA}:= B. licheniformis Q2|2 2.>5kb
EcoRI/HindIII DNA Trlo] Zxjsleion, o SaxjolA WHH BaAL HF 2%
7} 50° C, 3 pH: 70lgdctt. o] #AAE AEI cyclodextrinoAe= FZ2
maltoses, pullulano Al panoseghE AJAE3llch o] A2 ExIgE &
64,00001 %31 5H -2 5.4 tHTable 1). '

flo o rir

Table 1. Comparison of substrate specificity between thermostable
o -amylase and BLA.

Thermostable

o -amylase BLA
Soluble starch + o+ 4+ + 4+
Pullulan - + o+ 4
a -cyclodextrin - + o+ 4+
B -cyclodextrin - + o4+
7 -cyclodextrin - + o+
major product Ge, G7 G2, panose
Thermostability stable labile

Maltogenic amylasel= amylolytic property o]&lo]E T} Ho] 228 HoF
g ol 1AL £33t A7 glucoselt maltoseT o] & WHE, 71AL 33}
HAl B #BUA wcho]] Aojx]FE= 2 Z 2, maltogenic amylasex glucose IE

L

L maltose unitE& acceptoro] o-(1-6)-glycosidic linkage® RAo]A]lZITt}(19).

o
rir

Amylolytic enzyme®] transglucosylation David%(2)o] Bacillus megaterium2.
2 e 34AE BEesle 23 v} 9=t o] B. megaterium amylasel= A|E-&

o -(1-4)-glycosidic linkageZ 3jA3}lod w Ho]E A|F7]L} maltogenic amylase:
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IS) -
- AL LS ha

a-(1-6)- -glycosidic bond

(branched form)&- 7}A A =) 0]*1.4 ZA2}E Table 29 §EA]6}°ﬂt}

Table 2. Action of various amylolytic enzymes,

dgsly] dEel AREE ¥ HolgBe EAY el

amylase

cyclo- pullulan
starch| dextrin transglycosylation|reference
(1"1,4— a—1,6f

Maltogenic amylase + +4t ++ - + this work
B. thermoamylolique ++ +4+ + - 12
-faciens a-amylase
Thermoactinomyces ++ ? ++ + - 18
vulgaris q-amylase
B. stearothermophil + + ++ + - 13,15
-us neopullulanase
CGTase + + - + 4
B. megaterium + + + - + 2

3. WA a-amylase I Maltogenic amylase - x}2] DNA 7] N A3

e’ a-amylase F-2=2}e] DNA E7IMEE AR 23} o] FAAH:= 1,536bp

2] open reading frame(ORF)Co. 2 LA E|o] 512718 olm]:=4tE coded}H,
codon} stop codone Z}z} ATG®} TAGSIcTh.
Shine-Dalgarno sequence® % E]+= GAAAGGS] uj o]
ot -10 F91)¢] 47
signal peptide® FAE& 297§¢] olu]iAtg 71| gle

k=0

TTGTTA2} ATACAASICE.

start codon®.2XE 1lbp
olol 7

MM—L'V

start
1 Zo
o4} promoter(-35
o] T4 N-ferminaloﬂ
o) on.-] 7]. 9,}1«!5] g4

£ 483709] ohnj:Ate 2 FFEH FAtP2 5520002 SDS-PAGE.J Azt g
UdA a-amylase?] AHZuje] Ex:=

stelch. ey PARBA A
cytoplasmul e} ol 7hzt 65%e} 3sxairh. WA

uEd

47.46 mol%, A& codon?] G+C 3k 53,41 mol%gdct.

Maltogenlc amylase?]
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a-amylase -8-Ax}e] G+CHZFFL

42}‘— 1734bp2] ORFOE ——Zst}rq 57871 ¢] O}H]L:




A& coded} start codonz} stop codon-a- 2}2} ATGS} TAGH T}, start codonl. &
HE 2bp %] SD sequence & 4%51“ AAAGGGGGAA wj ol 0‘91’1 o A}
pmmmMBM}lmLGﬂM%ﬂF%MM“q WAﬁﬂﬁﬁiTﬂomﬁﬁ}H
d& 23stel B} Tt ofnlicat HFHE vlLstel 374 HERE WA
gom E3] o] Y95 B. stearothermophilus neopullulanse?} §A}sigict
(Table 3).

Table 3. Comparison of amino acid sequence in the conserved regions.

Region 1 Region 2 Region 3 Region 4 refer
-ence
consensus OO0OE® | CEROOAOOR® | EVLO® | ELO®E®
thermostable 122DVVINH|GFRLDAVKH | DYWQ | FVDNHD |this
a-amylase work
maltogenic amylase|237DAVFNH GVWMWQMKL |EIWH|LLDSHE |this
work
neopul lulanase 2_0DAVFNHI|GWRLDVANE |EIWH|[LLGSHD | 17
pullulanase 281IDVVYNH |[GFRFDLMGI |EGWD | YVESHD 9
CGTase 160D FADNHI|IGIRVDAVKH|EYHQ | FIDNHD 14

4, Lﬁﬁéﬁé a-amylase?} maltogenic-amylased o|-&3F £X] e Az

e’ a-amylase®] FHAE maltogenic amylase?] FAX7} Eolgls
pIJszzoﬂ Adelste] A2 zuz’ﬁ%ﬂ DNAQ] pTMA322E =) z3teict. pTMA3227t 3 A
BH ¥FL2RE T §AAIL FAlel UdEe ZZe] aLH BAHS
7‘]‘—]"’ ASE HAA, F ELE 40° ColM 24417 15% FE Yo 2HEA|HA
£ £&(50% o]4)e] £x] 2| %(branched oligosaccharide)& AHZY 4 9l
2JtHTable 3).
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Table 4. Comparison of sugar compositions of ’ Alo mixture

sSyrups.
" content(%)
DP* sugar
on marketing - this work
1 glucose '40.5 10.0
-2 maltose 6.7 20.5
isomal tose 16.9
others¥** 4.7
3. maltotriose 0.8 10.8
panose 12.5 9.2
isomaltotriose 3.4
other## 2.3
4, mal totetrose 7.2
Anomously linked 8.9 13.9
tetraoligomers¥*k
5. Anomously linked 3.3 21.9
pentaol igomers**
6. - Others : 6.5

* Degree of polymerization.
#% The structure(s), not determined.
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4 &

QwtM o B, licheniformisi WAA a-amylase® AJAtsl7] ¢iste] 72t
u] J3s}7] TR Eao] At JQo] #r) o3, Wato] Wormg ol & 4 3}7)
%]3}o} B. licheniformis®] a-amylaseS-AA}E E. coliof A AFTA|Zct, #¥A
ABY AF-E 37° CollA 1021 vt o2 r RFF R} 100u] o]Ate] ABArA e
F4E 7R 2y 2y AR FHAME A FHAA a-amylase= ¢
Zelo A gt gHFH M= gluccamylaseZt pH 5TH Q] AH/doA 2-&317)
o Eeoll FFFol pHE Aok vl uteid ZFE DN Q7| MEE 7R 23S
site-directed mutagenesis 52] WHog FA EXHZS sfasdlo] A H2]ofA
= GBS ALY 4+ AEF sheRo] ulgtasitt

Maltogenic amylasex -4 wolA #2|H [Axlo] coding® FAo0]x|%t
A 2%71 50° CE t}E 224 FolM Eel¥ ol nldte] Yoy oz a3y
o] Yt} ol o] At A ¥olMEchk= FA o o]} &3ty T Holy
o] &3t F¢] building block& w=i=ul o]-&%7] wjiolet BzHct. =EYH
maltogenic amylase:= of g 7]A& Ealsted 2 XA 713 |AE ALS B
ol FHO=8X B. stearothermophilusol*] E2]¥ neopullulanase®A] A&z}
pullulang E3}3}3, pullulan?] B3j41r5Eo] panosel o] maltogenic amylaseg}
713 §A}3EA oL} neopullulanase: a-1,4-% ol]g}l a-1,6-glycosidic bond=
B sl WhH maltogenic amylase: a-1,6-glycosidic bond= £3]35}z] ZE3io
@ Holsg HoF 3 glt) o]E2 FAIR ALRE 3t HAE 3 AiodAME
2A7te] 2tg ezl 234 TR QRE RoiFI gow olE B 424 o
shshe RS wl$ Ful2e Yolch Dv WIIMAS ARt 7 Bae] oy
2] conserved region®] AEAE vy A ANt o A MY AF F4
Z A £98 AT A A5HE WAY & U3 o]F AHx 9]
£ a-anylases} T}E Fol gglout Yulx ¥l A gxlshA wgrh 2y
Asiet WlHA] 22l neopullulanase®} mj-§ FAIRE ofu|ieit vEE o]F&=
HOF Bol, o] & E9|7} pullulan?] a-1,4-glycosidic bondE #3}3l= 2=
A"l 13283 neopullulanase®} T AX|3x] Q= Tzl 24|71 & FHols
T[A U&= FEolzta 3¢ 4 adrh

E3 VP43 a-amylase®} maltogenic amylaseE o] &3} ¥4 1S A
Z3h= 194 3B S dstd et whE 2T 40° C2 220X 2EA1E B¢
el 34 43 £571 A3ED ogEo] 2¥E JHsdol AL B2 maltogenic
amylase?] #2 2x7l A4Hd o 22 4348 @& 4 dLRoE AN}

O:

L.

N

A
°

LA
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VdA a-amylased] A B4 Jj4olL} maltogenic amylased] ¥ Ao] 2-& nl
pullulanfﬂvq-1,4~glycosidic bond?] &3] z}&o Qicqiﬂ%f glz}%; Eelsla gt
B2 BEE A8 fIstolE nutagenesisTe A77t o AYsolof & o
2 47dgr} | |

Molecular Cloning of Thermostable a-Amylase and Maltogenic Amylase Genes
from Bacillus licheniformis and Characterization of their Enzymatic
Properties. ‘

Kim, In-Cheol
Abstract

The genes encoding the thermostable a-amylase and maltogenic amylase
from Bacillus licheniformis were cloned and expressed in E. coli. The
recombinant plasmid pTA322 was found to contain a 3.1kb EcoRI genomic DNA
fragment of the thermostable a-amylase. The cloned a-amylase was compared
with the B. licheniformis native a-amylase. Both a-amylases have the same
optimal temperature of 70°C and are stable in the pH range of 6 and 9. The
complete nucleotide sequences of bthe thermostable a-amylase gene were
determined. It was composed of one open reading rame of 1,536 bp, Start and
stop codons are ATG and TAG. From the amino acid sequence deduced from the
nucleotide sequence, the cloned thermostable q-amylase is composed of 483
amino acid residues and its molecular weight is 55,200 daltons. The content
of guanine and cytosine is 47.46mol% and that of third base codon was
53.41mol%. The recombinant plasmid, plJ322 encoding the maltogenic amylase
contains a 3.5kb EcoRI-BamHl genomic DNA fragment, The optimal reaction
temperature and pH of the maltogenic amylase were 50° C and 7, respectively,
The maltogenic amylase was capable of hydrolysing pullulan, starch and
cyclodextrin to produce maltose from starch and panose from pullulan, The
maltogenic amylase also showed the transferring activity. The maltogenic
amylase gene is composed of one open reading frame of 1,734 bp. Start and
stop codons are ATG and TAG, At 2bp upstream from start codon, the
nucleotide sequence  AAAGGGGGAA seems to be  the ribosome-binding
site(RBS, Shine-Dalgarno sequence). A putative promoter(-35 and-10 regions)
was found to be GTTAACA and TGATAAT. From deduced amino acid sequence from
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the nucleotide sequence, this enzyme was composed of 578 amino acid residues
and its moleculér weight was 77,233 daltons. The content of guanine and
cytosihe was 48.1mol%. The new récombinant plasmid, pTMA322 constructed by
inserting the thermostable a-amylase gene in the EcoRI site 6f plJ322 to
produce both the thermostable o-amylase and the maltogenic amylasé were
expressed in the E. coli, The two enzymes expressed from E. coli containing
pIMA322 was reacted with the 15% starch slurry at 40° C for 24 hours. The
distribution of the branched oligosaccharides produced by the single-step
process was of the ratio 50:50 between small oligosaccharide up DP3 and

large oligosaccharide above DP3.
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