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Expression of Paenibacillus macerans cyclodextrin
glycosyltransferase in Pichia pastoris and Bacillus subtilis
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Abstract: The cgt gene was isolated from Paenibacillus macerans by PCR amplification and was inserted into vectors of pPICOK
and pMAS5. The recombinant vectors were transformed to Pichia pastoris KM71 and Bacillus subtilis WB600, respectively. The

results showed that a-CGTase activity in the culture media of recombinant P. pastoris was only 0.2 U/mL, while it was 1.9 U/mL in
recombinant B. subtilis. In addition, we optimized the culture conditions of the recombinant B. subtilis strain. After cultivation at

37°C for 24 h with shake flask, the CGTase forming activity in culture media reached to 4.5 U/mL (hydrolysis activity was
3200 IU/mL), which is 9.8-fold to that of the original strain P. macerans.
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1.3 EFE 1.5.2
LB , Amp 100 pg/mL MD YPD Spizizen 14
BMGY BMMY , 121 B. subtilis LB 9 h,
TSB( ): 1.5%, 1% 50 mL ,
0.5%, 0.5% +1% 37°C 30 h, ,
MO: 1%, B1( ) 12 000 r/min 2 min ,
1 pg/mL, Na,HPO, 1.28%, KH,PO, 0.3%, NaCl 1.6 S#A%
0.05%, NH,Cl 0.5% TB: 0.5%, 1.2%, DNA SDS-PAGE
2.4%, K,HPO, 1.64%, KH,PO,0.23% [15] a-CGT
1.4 FHHFRK pPCGT #1 pMCGT BIKIE el (78]
DNA, 1%(W/V) 1 mL
PCR a-CGT PCR 50 mmol/L Na,HPO;-NaH,POs; (pH 7.0) 2 mL,
: 94°C 4 min; 94°C 45 s, 60°C 45 s, 72°C 130 s, 0.1 mL , 40°C
30 ;72°C 10 min PCR :P1(5 =3 7 10 min ; 1.2 mol/L
GGCGAATTCTCACCCGATACGAGC( ),  HCI 0.1 mL  0.035 mmol/L 2 mL,
P2(5'-3'): ATAAGAATGCGGCCGCTTAATTTTGCCA  15°C 30 min, 507 nm
G( ); P3(5'-3"): ACGAGGAATTCATGAAA [CD]
TCGCGGTAC( ); P4(5'=3"): CGCGGATCCT , U)
TAATTTTGCCAGTCCAC( ) P1 P2 1 pmol a-
EcoRI Notl ,P3 P4
EcoR1 BamHI Pl P2 1.7 EA#HEREIMNEEAREEZHFLK
cot , 1.7.1
pPICIK, 25°C  30°C 37°C 40°C , 24h
pPCGT P3 P4 cgt ODsoo
, E. coli-B. subtilis 1.7.2 pH
PMAS, pPMCGT pH 5.5 6.0 6.5
1.5 IEEMWERIES 7.0 7.5 80,24h ODs0o
1.5.1
pPCGT, Bgl II 2 BX
, P. pastoris KM71 2.1 40 P. pastoris KM 71/pPCGT Hy#E 5 ik
, MD , DNA ,PCR
YPD/G418 , G418 cot ,
0.5 mg/mL 1 mg/mL 2 mg/mL, 2.1 kb cgt pGEM-T simple ,
PCR pPICIK , cot
(GenBank Accession No. P04830)
5mL YPD , 200 r/min 30°C 16h, 10%
BMGY , 30°C 24 h, pPICI9K ,
, BMMY ,30°C 120h,  JM109, , , ,
24h 0.5% , pPCGT
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Fig. 1 SDS-PAGE analysis of the expression of a-CGTase. M:
protein marker; 1: B. subtilis WB600(pMAS5) induced; 2: WB600
(pMCGT) induced; 3: soluble fraction of WB600(pMCGT); 4:
cellular insoluble fraction of WB600(pMCGT).

R1 BEXa-CGT MR EEEF=HIF T
Table 1 Effect of temperature on the production of
a-CGTase
Temperature(°C) OD¢oo CGTase activity (U/mL)
25 7.65 0.9
30 8.83 1.2
37 9.25 1.9
40 10.45 0.8

&2 A pH ¥o-CCT BB X B4 F=RI I
Table 2 Effect of initial pH on the production of a-CGTase

Initial pH ODso CGTase activity (U/mL)
5.5 8.08 0.9
6.0 8.91 1.6
6.5 8.78 2.0
7.0 9.45 1.9
7.5 9.27 1.7
8.0 8.90 0.8
s pH 6.5 R
R pH 7.0
2.3.3
WB600
a-CGT )
6 )
ODsoo ( 2 , TB
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Fig. 2 Effect of media on cell growth and production of 20%, s
a-CGTase. 1: LB; 2: LB+1% glucose; 3: TSB; 4: nutrient (http'//www
broth+1% starch; 5: M9; 6: TB. ’
cbs.dtu.dk/services/NetNGlyc) P. macerans a-CGT
45r 114 9 N- , Blast
4r 112
2 35t CGT
S 3} 10 ( 4 Bacillus circulans 251  CGT
£ a5y 188 ( 68.367%)
3 2r .16 ©
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Fig. 3 Recombinant a-CGTase production by B. subtilis CGT
WB600 in shake flask.
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P04830 60
AAC04359  SpDTSVDNKYNFS|TDVIVQIVTDRFADGDRTNNPAGDAFSGDRSNLKLYFGGDWQGIIDK 60
ACBT71089  SPDTSVDNKYNFS[TDVIYQIVIDRFADGDRTNNPAGDAFSGDRSNLKLYFGGDWQGIIDK 60
P31835 SPDTSVDNKYNFSITDVIYQIVTDRFADGDRTNNPAGDAFSGDRSNLKLYFGGDWQGIIDK 60

SPDTSVNNKINFSITDTVYQIVTDREVDGNSANNPTGAAFSSDHSNLKLYFGGDWQG T TNK
sk Pheicipick, ¥k Rk ek, & kR Tk
P04830 120
AAC04350  INDGYLTGMGVTALWISQPVENTTEVIKYSGVRNTSYHGYWARDFKQTNDAFGDFADFQN |5
ACB71089  INDGYLTGMGVTALWISQPV VIKYSGYNNTYHGYWARDFKQTNDAFGDFADFON |5
P31835 INDGYLTGMGVTALWISQPV VIKYSGWNNTEYHGYWARDFKQTNDAFGDFADFGN 120
INDGYLTGMGI TALWISQPVENTTAV INYSGVNNTR YHGYWPRDFKKTNAAFGSFTDFSN
....... fe - sttt sktoRotoR]: ok kel sokolok, siokoiok ik kK, 1k, ¥
P04830 LIDTAHAHNIKVY IDFAPNHTSPADRDNPGFAENGAL YT 180
AACOE359 | 1T AHAHNIKVY IDFAPNHTSPADRDNPGFAENGALYD) 180
ACBTI089 | 1111 TLITSRSDRLRPQPHVSGRAGTNPGFAENGAL YD} 180
P31835 LTAAAHSHNTKVVMDFAPNHTNPASSTDPSFAENGAL YN 180
L= - . *, . R
P04830 SFVSSTYGGDHPVFTFGEWYLGADQTDGDN IKFANESEMNLLDFEYAQEVREVFRDKTET 300

AACO04359  SFVSSIYGGDHPVFTFGEWYLGADQTDGDNIKFANESEMNLLDFEYAQEVREVFRDKTET 300

ACBT71089  SFVSSIYGGDHPVFTFGEWYLGADQTDGDNIKFANESEMNLLDFEYAQEVREVFRDKTET 300

P31835 SYVSSIVSSANPVF TFGEWFLGPDEMTQDN INFANQSEMHLLDFAFAQE IREVERDKSET 300
#*: T M S O sfeskeoke | sheokpke 1 o

orsiiiok ik seisioloolok 1 ok

P04830 TTERKFGSSAALVAIN

NSSMAYPTSGLLSSLPAGTYSDVLNGLLNGNSITVGSGGAV 480
AACO4359  TTERKFGSSAALVATNHNSSHAYPTSGLLSSLPAGTYSDVLNGLLNGNSITVGSGGAY 450
ACB71080  1TERKFGSSAALVATNRNSSHAYPTSGLLSSI PAGTYSDVLNGLLNGNSTTVGSGGAY 450
b3 1835 VYERKFGSNVALVAVNHSSTITAYP ISGALTALPNGTYTOVLGGLLNGNS TTVN-GGTVN|
: selolololok, | deiolor e, ke ickeiciolok sk sk selek s sielek, sokeleloloiolololel, sk
FT].AAGGTAVIQYTAPETSPATGNVGPTMGQPGNTVT IDGRGFGGTAGTVYFGTTAVTGS
P04830 AAGGTAVWQYTAPETSPATGNVGPTMGQPGNTVTIDGRGFGGTAGTVYFGTTAVIGS -0
AACO4359 AAGGTAVWQYTAPETSPAIGNYGPTMGOPGNIVT IDGRGFGGTAGTYYFGTTAVTGS 540
ACBT71089 AAGGTAVWQYTTTESSPT IGNVGPTMGKPGNTITIDGRGFGTTKNKVIFGTTAVIGA 540
P31835 otttk kR tekieliekolk R 1 defoRei % .k wkwkik; 539

VIWEGGANHTY TTPASGVGTVTVDWQN
P04830 VIWEGGANHTN TTPASGVGTVTVDWQN 687
AAC04359  VIWEGGUNHTYTTPASGVGTVTVDWAQN 687
ACB71089 “TSPSSGVATVTVDWQN 687
P31835 el [deialq: o ok ik, skedeeleiololek 686

4 o-CGTEgHIZ EFF 5 LLAT

Fig. 4 Multiple alignment of amino acid sequences of a-CGTases. P04830, AAC04359, ACB71089, P31835 indicate the aa
sequences of a-CGTase from P. macerans JFB05-01, Paenibacillus macerans strain IFO3490, Paenibacillus sp. JB-13, Bacillus
macerans, respectively. Boxes indicate the potential N-glycosylation site.

P. macerans a-CGT a-CGT
, TB , pH 6.5, 37°C 24 h
; a-CGT , 4.5 UmL(
pMAS | B. subtilis WB600, 3200 IU/mL), 9.8
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5 P.macerans a-CGT fig R8Il = 54y
Fig. 5 Simulated three dimensional structure of P. macerans
o-CGTase. Red areas indicate the potential N-glycosylation site.
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