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High-Level Expression of Aspergillus ficuum Acetyl Xylan Esterase Gene in Pichia pastoris. Lim, Jae-
Myung', Sung-Koo Kim!, Seung-Moon Park?, and Soo-Wan Nam*, Department of Biotechnology and
Bioengineering, Dong-Eui University, Busan 614-714, Korea, ' Department of Biotechnology and Bioengineering,
Pukyong National University, Busan 608-737, Korea, “Division of Biological Sciences, Chonbuk National Uni-
versity, Chonbuk 561-756, Korea. — Acetyl xylan esterase gene (AXE) from Aspergillus ficuum was cloned and
its Pichia expression plasmid, pPICZaC-AXE (4.6 kb), was constructed, in which the AXE gene was under the
control of the 40X7 promoter and connected downstream of mating factor o-1 signal sequence. The plasmid lin-
earized by Sacl was integrated into the 5'4OX1 region of the chromosomal DNA of P, pastoris. In the flask batch
culture of P pastoris transformant on methano! medium, the cell concentration and total AXEase activity
reached at 6.0 g-dry cell weight/l and 77 unit/ml after 36 h cultivation, respectively. In the fed-batch culture
employing the optimized methanol and histidine feeding strategy, the cell concentration and total AXEase activ-
ity were significantly increased to about 97 g-dry cell weight/l and 930 unit/ml. Most of AXEase activity (>90%)
was found in the extracellular medium and the majority of extracellular protein (>80%) was AXEase enzyme
(33.5 kDa). This result means that about 9.8 g/l of AXEase protein was produced in the extracellular medium.
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AMBEF % W8 plasmid

B AT AME3)F P pastorisE histidine 3274 W
o]54] GS115 F5olH, W3 El: pPICZaCHHH(Invitrogen
Co., USA). A. ficuum 5202} acetyl xylan esterase %<}
(AXE, 1063 bpy= E8]213A4 (84 bp)y@ 2702 intron(71
bp, 80 bpy 3702 exon®E FAI= ] 2).2H[5], primer-1
(5'-AATCGATTAGTGGCAGCCTCCAACAAATC-3) 3}
primer-2(5-TTCTAGAGCAAACCCAAACCATTCCATA-3")
= ol43le] FuliIMES A3t H91E PCR F5318

EXE W M|

F2% pPICZoC-AXES P pastoris GS115 554 2]
genome AOX! locusol] electroporation®] 2.2 integrationA|
ATH15). FAA A 2] AHuiAIE zeocin(100 mg/l)o] T
H% YPDWIR|(1% Bacto-yeast extract, 2% Bacto-peptone,
2% dextroseys AHE-slgic}.

32 e =A

Flask wjoF == Zul kAl BMGY wj#](pH 6.0, 100
mM ¢JAFEE9 | yeast extract 10 g/l, peptone 20 g/l, yeast
nitrogen base without amino acids 13.4 g/, biotin 0.004 g/,
glycerol 20 g/}y3 AREsled 30°C, 170 rpmel| A wlj SF3}si e},
Flask w¢FA] AXE &S $13 BMMY#iA]= BMGYHh=]
9] glycerol Al Wleke-S- 1247 7HH o2 5 o/IxA A7)
s WA S AFE-ES 2, 100 ml BMGY WA o A} wi<F
(ODgso=6) F 5000X goll A 527+ A2l te] oAl (pH
6.0, 100 mM JAKEEN 5 miol Fhk BMMYWAIZ &
7 AXEZ HRAIZH

F7} vhe =24

sk 2H 3wt DS FF TN
Z7] 3Bk v 242 CaSO, 0.2 g/, MgS04 - TH,0
3 g/l, KOH 0.8 g/l, K;SO4 3.5 g/, glycerol 40 g/l, casamino
acid 10 g/l, HsPOy 10 ml/IE AH8-3}91 3L, two-stage 7}
ufjeFol| A= CaSO, 0.7 g/, MgSO4* 7TH,0 11.7 g/, KOH 4.1
g/l, K;SO4 13.65 g/l, glycerol 40 g/l, casamino acid 10 g/l,

H;PO; 20 ml/tE AM8-5183v}. Trace elements £-9-2 uljof27]
o ®iA] 119 5 mk A7IsIR, 1 AL o3 Rrkg)):
CuSO, + 5H,0 0.06 g, KI 0.08 g, MnSO, - H,0 03 g,
Na,MoOy * 2H,0 0.2 g, H3BO; 0.02 g ZnSO4 - 7H,0 2 g,
FeCl - 6H,0 4.8 g, CoCl, 0.5 g, biotin, 0.2 g, H,SO,; 5 ml.
Glycerol feeding?] 50% glycerol 82 100 mI% trace elements
48 5 ml H7RIEH. 27|WA]¢] pH ¥A4A] NH;0H ¥
A& ARgslg 2w, v FAlE= 30% NH;0HE AME-31s3r
Zufjoke AlFH(2.5cmX 19 cm)el] 10 ml BMGYHIA]E ¥
I, zeocin (100 pg/ml) H7}ale] 24A| 7k v ksl ol &
flask 50 mlell 5% HE3ted 124]7F woFzE F ODgg=20%
o QAEelste] FAT 100 mM QJARIEA (pH 6.0l 3
elsled MbE 2 (Ko BioTech Co., Koreapll &3}, vljok
Z27& 7] wioF a1 1 |, &% 30°C, pH 5.0~5.3, WHk
= 400~800 rpm, DO>10%, E714% 1.0~1.5 vwm&dt}.

o =%, glycerol, HIEME L CHHERE &X

A = AFF vkl S A3 M3 FEHRE
A (UV-1601PC, Shimadzu, Japan)E A}8-5le] 660 nmel|A]
E45(0.D.: optical densityys ZA3IAc). Wi glycerol
BA8 glycerol kit(Boehringer Mannheim, Germany)g- A}-8-
st om, el 5,000X g2 AR, O AL
A3 3)A sl glycerols AFslAt. AxdAE A
317] iste] FAE 5,000x gl M WAL et {4
AZZ F 100°Co A ko] & w7k AzA| 7. wik
Zo] vlek-g 553 gas chromatograph(HP6890, Hewlett-
Packard, USAYE- AFE318132, column J&W DB-WAXe|™,
RAE7Ve B ole3t &7 (FID)E ©831%3e}. Carrier gas
= ALE AMsigler, B 22 F91E 230°C, &
Z 50°ColA AT 108°C, A& 250°Coluit. e &
o] A 542 WEl LowryH[1618 o83ttt

AXEase &Y &4

AXEase 42 pNPA(p-nitrophenyl acetate)¥} 0.2 mM
QAkeEE (pH 7.0y A3l Z48le]on], AXEase 1.0
units 37°Cel A 18 5¢F pNPAE- #3838} 1 umole?]
pNP(p-nitrophenol)Z- H}&3l= §49] fo = Aofslsir).
w3 A ZS] AXEaseZ 24317) S5 4 Ee)gle] A2
A EAAES o8] H -3 F glass bead(¢ 0.45 mm)<}
vortexZ- o83l NEZ sl o, T4 Aol protease
A4S AAsk7] 915 PMSFE | mMe] HA H7sigich.
g 72 10,000X gl A 1583 FAFEl 1 e
S o]83}d AXEase BAE SA3Id

SDS-PAGE #4
SDS-PAGE(10% gel)= Al &F 6" SDS loading buffer
9} Aol 15%-7F boilingdt F F7]1935-S slgdel{14].
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A. ficuum 5N acetyl xylan esterase -F-HAFE primer-
3} primer-2E ©}83}] PCR 533 ¥, pPICZaC vector
) Xbal, Clal F-$)4) subcloning®}ed plasmid pPICZoC-
\XE(4.6 kbyE- T531351H(Fig. 1).

pPICZoC-AXES Sacl22 Hw}3le] linear formo2 7t
S P pastoris GS115 SFMEL] genome 40X locusll
ntegrationX| . Zeocin®] 100 mg/l F=2 &+ YPD
N2l FAHIANE Agslgom, A8E 5% Mut”
Tt

B|l& dief

BMGY #i#lel M mieF F #A45 BMMY WA 2 &7
Task wFeksl A7} 36A17H4 F 77 univmle] E4 A4S
Jeislet(Fig. 2). of W HhuEAEEe] p,i 0.089 h'
ol3 AZxFA 1gd EAZA-L 12,833 unit/g-dry cell
weight(DCW), ¥ioFe) 5 Gl al o disk E4%Agql
specific activitys 14.61 unit/mg@ e}, 90% ©|AF] EAF
e o A5 el lich wRE 3EeekE BMGY
WA ARREle] Al B4l F oekeS FEsle] WS
=3l ok, AXE AR} 719 HEEA] aglel(data not
shown). o] ZAeHA| o)A histidine T2kl )3k oz H
ot WEZ wiokA glycerold BN LR AT o] FA

Xbd
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Fig. 1. Construction of acetyl xylan esterase expression plas-
mid, pPICZo-C-AXE. Prgr;, TEF! promoter for selection in P
pastoris; Pgyy, EM-7 promoter for selection in E. coli; Zeocin,
zeocin resistant gene, CYClt, CYC! terminator; ColEl, ColEl
replication origin; 5'40XI p, AOXI promoter; o-factor, secretion
signal sequence of mating factor-t; 6-His, polyhistidine (6xHis)
tag; AOXI t, AOX] terminator.
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Intermittent. fed-batch culture

B2 571 ko] A5 vlekd feeding?] 712422 DO-
stat Bl e 2 shgict wbE 2 wieko) A casamino acide P
pastoris GS1152] histidined 22 27|l AM-FH o, o]
¥ 12~14 A7} == ODggo 3t 60 AF-2 histidine TZE
Q3E FA Falo] HAHE A2 ddled, histidine 1 g
< A7)sled wisksigict. AR 27] kA casamino acid
Z d) A3 histidine2 1 g/l E£33}o] wieksha ) ODgo
= 140714 $4)8}ec}(data not shown).

3|3 wiekA] glycerol 322§ 1A17F B3t Zlot AR E
2)8l=d), o= ATPS} et4: 27) o] Ate] elpslEof 2|3k
promoter 715 A2 2o} wgkE- feeding?] 4OX! promoter
WS- Z7)14)7)7) 93)A o) B3, 4, 17, 19]. o] 717t E<ell
ODgsp= 5 AT 743 ot o] Alxe] 48 difelvt
ME2] Ago] gtAsh= A7 2 AZW FHE A £
EE AAAE oY A A2 Beln o F ved-&
feedingdlod AXEase AAHS =311t} Intermittent fed-
batch ¥WjoFA] Hghe-2 8 g2 FrIeH, Hx Hebs &
w2l A Az 4.5 A7 xR o o F 2 A7t
R ZoEH. ol A S o wgE ARLET)
Z71gt 722 Holvh FHF 47 Az W) TA| T ODggo
Zk2. 2 150, AXEase 3=k 150 unit/ml ©) 3 =H(Fig.
3). oJo) HYl AXEase B4+ $5%= 6.5 unit/ml - heict.

Constant fed-batch culture

Z27] ek S e TR FFeE, ol wivkE: &
Aol 93 40X! promoter 715 A 3HE 7] H{A o[
[12, 13]. AOX! promotere]l 23t AXE fr3#} #RA7A =
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Fig. 2. Time profiles of cell growth and AXEase activity in the
flask culture of P. pastoris GS115/pPICZo-C-AXE. The yeast
transformant was grown on BMGY medium until 6.0 ODggp, and
then cells were harvested and transferred to BMMY medium in
which methanol was fed to make 5 g/l at the intervals of 12 h.
Symbols : (@), Cell growth; (A ), Total AXEase activity.
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L5A)1ZE o] A8 H™, e Fofl wehE 5\—5]} axﬁﬂ"}i
t}l. o] F DO ko] F71- Aol vhe} weke 355 A
At Ho FA 5= ODg FE-E 235, AXEase 243
2k 251 unit/ml ] (Fig. 4). Intermittent feedingol] V]3}
constant feeding?] 7] $4le] ] £9L2m, AXEase A

Ab &% =3} 8.5 uint/ml - h& 2F Fobxth o]= dehs
A Foel o TAlsE Flll 7]sHa BedAldt 34
AlZF AF-2 AXEase JAMSE7}F A3 =2A|A Hid
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Fig. 3. Time profiles of cell growth, AXEase activity, glycerol and methanol concentrations in the intermittent fed-batch fermenta-
tion of P, pastoris GS115/pPICZa-C-AXE. The yeast transformant was batchwisely cultivated on the semi-synthetic glycerol medium for
16 h, and thereafter 1 h methanol was fed by DO-stat method. Symbols : (@), Cell growth; (A ), Total AXEase activity; (ll ), Methanol
concentration; (1), Glycerol concentration; (), feeding time of 1.0 g histidine.
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Fig. 4. Time profiles of cell growth, AXEase activity, glycerol and methanol concentrations in the constant fed-batch fermentation
of P. pastoris GS115/pPICZ0-C-AXE. The yeast transformant was batchwisely cultivated on the semi-synthetic glycerol medium for 15 h.
and thereafter 1 h methanol was fed with the constant rates indicated. Symbols are the same as Fig. 3.
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Two-stage constant fed-batch culture

Glycerol 17 ¥ wlekg feeding Aol = AXEase: 4%
FIEglEd, ol AlE el ATPS} wiA] W2 glycerol L
Dol whE 2ARARe] ARQ1A} Al o]gt HAeF Hel
H12, 18]. L ok wiebibgell whet Aol 9lert 0.069~
0.35 vint/ml A =2 AA| A 2] 2%e]st ). Two-stage
onstant fed-batch WAl 9] A FE ODgg H2ZE
19, AXEase 2332 930 unit/ml®i}, AXEase o)A
T 1441 unitml + h2 constant fed-batchel] ®j&] +
N A= wghehFig. 5). 22y wiek FHEC R s AL
$%7} 3 univml - h7FR] Dol o]i= £EAA X gl
}2} AXEase AAMSEI) AAEE 202 Mol o2t
1% AoE B f-5 27]olis MEFEol ueir] Yaks
7t AR = o2 Z4F DO levelell whetr AR =
= A& &4 7 UdT F ushE ARE AT Al FE
1 923t} 7 olo}, Intermittent, constant, two-stage
onstant fed-batch wi<Fe] AR FAY 408482 47
348 unit/g-DCW, 4,648 unit/g-DCW, 9,577 unit/g-DCW
A wehE feeding A7kl Blidt] S71go s AE &
T U
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Intermittent fed-batch ¥}%F3} constant fed-batch ¥joF A}
o]9] x}o]7} -2 o|f<= constant fed-batch®] = wljek2-
FE0.8 gy FAFA Z3 Al 7]edgetar Bzt
[12]. 3 H&E F2F X130, dlekS Atzlel FQ3)
24 DOl 20%°14-E FAI3h wiogiche 2 Al
Ak 7 Bl #HA 15wl o]AbS AJAks 4= 9lE AR
Koo, o] & M= 71A FFT 55 ALE Fol )
F 7)) asl7]

ol4ke] HAE Table 1ol 73] Lopsiodet. bk vt
el me} 7 %, AXEase 3 #, specific activity 5
o] ZA zpol7} F& & 4= 2%, two-stage constant fed-
batch & wf 7} ¥ @A S AxEe] LS By
o}. Fig. 6= two-stage constant fed-batch il oFo] Z} A7}
) wjeF FEAE A7dES Ao, A el A3k
o] E4F 3T Qo= S & 4 Ak P pastorisoll
A AAFgE AXEase®] FAF2 33.5 kDalE Asp. ficuum
2] AXEase(29.5 kDajell ®]3l Atge] S7skd=t. o=
AXE 312 W 17§9] N-linked glycosylation 7} §-$17}
Nom o] Foff thH Fabyl HAOR HUH5]. vieF 143 Al
A wiekd F AXEaseZ} A3 whiA v)g-5 A7) o
& bandZ. scanningdt A3, 81%el Z3lAct. ofu wjok A
TN F &= o 25y 121 gI9S e, ol F
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Fig. 5. Time profiles of cell growth, AXEase activity, glycerol and methanol concentrations in the two-stage constant fed-batch fer-
mentation of P. pastoris GS115/pPICZaC-AXE. The yeast transformant was batchwisely cultivated on the semi-synthetic glycerol
medium for 16 h, and then glycerol and trace elements were fed till 34 h. Methanol feeding was started at 35 h with the constantrates.

Symbols are the same as Fig. 3.
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Table 1. Comparison of cell concentration, AXEase activity, protein concentration, and specific activity in the various cultures of P

pastoris GS115/pPICZ 0.C-AXE.

Cell con AXEFEase activity (unit/ml) Extracellular Specific
Culture mode ( ?D CW/CI') protein conc. activity
g Extracellular Intracellular (mg/) (unit/mg)
Batch (Flask)' 6.0 70 7 5,270 13.28
Fed-batch Intermittent’ 34.5 140 10 3,002 46.63
(Fermentor) Constant® 54.1 232 19 4,100 56.58
Two-stage constant* 97.0 855 75 12,090 70.71

IResults at 36 h cultivation. “Results at 47 h cultivation. *Results at 64 h cultivation. “Results at 143 h cultivation.

M 1 2 3 4 5

(kDa)

150
100
75

50
35
33.5
25

15

Fig. 6. SDS-PAGE of recombinant AXEase expressed in the
two-stage constant fed-batch culture of P pastoris GSI115/
pPICZaC-AXE. Samples of 5 pl were taken before methanol
induction (lane 1), after 24 h (lane 2), 48 h (lane 3), 84 h (lane 4),
and 108 h (lane 5) induction. Lane M is protein marker.

AXEase THiZle] 9.8 o/l Y-S & 7 UdH. A=2F P
pastoris| A A F-A2R= 30047 o] el E f =
g 4= 9] 2m[2], tetanus toxin fragment C2] 7% 12 g/l ©]
AH6], hydroxynitrile lyase:= 22 g/I[11] A& 4= lsich.
e, £ A7l A4 SrhIRES FH s &
FEAALTE F83] FAI3E Wehe3 histidine®] A 35
AFE =905t mfAHE AR 5% AXEaseE 10 g/l
ol A 4 9lg Aom AdEle} =), G Ak
¥ AXE H3A Q) AL 100%2 SYHo| TeEAE
wljofoll A A71- o)1 oFA Al A2 Al AJAalel] A&
e AS & 4 e

(] o]
i =

Aspergillus ficuum 2 acetyl xylan esterase(AXEase)
FHAHAXEYE Pichia pastoris|A] ks - Fu] AYAks}7)
2 A0XI promoter$} mating factor a-1 ¥8]2EAA 3}

Foll AXEE dZ3 44 AFY L34 (pPICZaC-AXE,
4.6 kb)E 531900}, o) AE Sacl 2= At 5| P pastoris2]
A A DNA 540Xx1 F-9lo A2z -4 P
pastoris TTZ verg wiR|olM FEela= 3P ksl A,
woF 36A17F W] AZxFA|EEE 6 g-DCW/, AXEase &
uhgd 2k 77 unit/mlel 51}, 24 315 methanols} histidine
FEU S iﬂﬁfﬂ Fr7h kAl FAEEE 97 g-DCWI,
AXEase 2382 930 unityml2 FA 718190}, 848
432} 90% ol *J% wio A5l EAlsigon, el o
WAe] 80% o]Ate] AXEase T (33.5 kDa)ele}. o8
3t A= 9.8 g/le] AXEase S-S wljof Alsl oz o
1] - Aakst 5 gl8-g ofngi

#HAtel 2
B dye seldsiae 2001ds ) A7 (A
|

= ALl 2sje] SABRL, QFH] A TR
ot
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