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Abstract: To simplify the construction procedure of Yarrowia lipolytica secretion/expression system,
eliminate the antibiotic contamination, and use gene mel (encoding tyrosinase) as a new type reporter

for constructing Y. lipolytica secretion/expression vectors. Gene mel was synthesized by assembly PCR,
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and fused with homologous promoter pTEF, signal sequence XPR2pre and terminator LIP2¢t by overlap

PCR. The resulted fragment was used to construct new type of secretion/expression plasmids of Yar-

rowia lipolytica expression system, with which human gene rho was expressed. The synthesized mel
and pTEF, XPR2pre, LIP2t were successfully fused into gene fragment TXML, which was substituted
for the reporter gene ura3d4 of Y. lipolytica plasmids pINA1297 and pINA1297-a, resulting in new type

plasmids pINA1297-M and pINA1297-a-M. This new system could screen the yeast recombinant

transformants by phenotype, with which the soluble protein Rho was successfully expressed. In this re-

search, mel gene was used as a new reporter for the first time in non-conventional yeast expression

system, and it also lends a basis for applying mel in other eukaryotic expression systems. Additionally,

the resulted soluble Rho can be used for further study of its character, structure, functions and the cor-

relation between other members of Rho oncogene family.
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ik Ar i 3 ROy kM, SRR T R BeRE, EALTE
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B, Rho M1 T ) DA 45 51 28 1 B0 2 SCRIN, A
B, MAEIAT%E Rho 8 X L Z5 4 T gE AT
AFF 5 AR T 42 Rl

e, ASCRHHRE PCR A FEE M mel, [FHf
AN E S PCR ¥ HE TR+ pTEF (409 bp)FifH
5k XPR2pre (45 bp) T, Z1EIX LIP2¢ (200 bp)f¥
i, FERARRILL mel AR R O BEbR 103 R A4 figk g H1S
QBT B 3R 404, JE R BT R R 8 R gL R Ik
NIEFEEH rho (1 836 bp), AMUIESZ L R G 0] H
TREFETREEZEYNEA, H A5 Rho 1)

PERG . 454 . Dhfie &5 Rho 9 5L H K5 H e L0 1)
AHEAE FH 25 0 Al

1 MES5kHE

1.1 #7#l

1.1.1  ERRFARREL: Tk pINA1297 Flf# s HE [ %
W29 B ¥k 9 Bk B Catherine Madzak Fll
Jean-Marc Nicaud (% E W4 ; KIHFFHE DHSo AL
B % RAF; & 4 fih Rho 25 111 cDNA Y JBURL Hy 42 R}
FE K AR LA S 50 % R 5 A BRI
1.1.2 IEFREFMEFES: MISIBCENAERKT
YPD 55 A K R R TR 28 °C. KA HT
A DHS5a 44 T 37 °C LB #5385, 7ETR 200
LR R 50 mg/L 1Y RABE: RAE MbubE k. M
Ji B [G % BF 5 21 F 0 % [ R B 92 D YPD+
fis 5 W2 (1 g/L)+2% Sifg!Y,
113 EZRKFA: 51 H LAY TREEARARA
FlA R ANTP, Pfu SR EE§WA H Fermentas /A Fl;
JERE A B B IR e A s DGR & ) Omega A5
PRI PEAZ R N LIS [ TaKaRa 23] FEREILAH A
R (MR e H L& M)W H BD AF; D-AEY
% | ik DNA . PEG4000 Ity [ Sigma 23 #]; Hifth
2R 0 [ 1 245 4 Ak 2E R A BRA AL 30k
SYMTAL o TR 51 34 A6 BT R — R /A W HEA T
1.2 2EREEK mel

FFHAEL B A Gene20ligo Wit i mel s 1Y
RS 50 uL 4% PCR iR RS 4 uL
2.5 mmol/L dNTPs, 1 U Pfir, 0.3 pL 100 umol/L #1514
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I (RO), 0.3 pL 100 pumol/L #F5[4) 11 (F515), 0.5 uL
3 pmol/L WHIMIEG W (HARTIY). PCR N FEF:
94 °C 3 min; 94 °C 30's, 60 °C 30's, 72 °C 50 s, 25 />
TEER . Mealifbds 3 H (3K mel PCR 7=,

1.3 #hBRIERARIE

1.3.1 pTEF. XPR2pre ¥ LIP2t BTalE: I
AF054508"7 | AJ012632!"8 (GenBank accession No.)
FUTRL pINA1297 J¥5143 513117514 pTEF-5'/pTEF
-3', LIP2-5'/LIP2-3', XPR2-5'-1/XPR2-5'-2/XPR2-3’
(F 1), AISECICEEREIENZ DNA fHhiE 2 I8 SC
BR[19]3E47; LARRARHR [CEE REFL 4] DNA AR
FE4r9ILL pTEF-5'/pTEF-3' &% LIP2-5'/LIP2-3 "~ 5|4
TR B S B T pTEF B35 5k
XPR2pre J¥H) M & EIX LIP2t; V)l mel HHFEMT,
XPR2-5'-1/XPR2-3" 75| ¥y i b £ &% XPR2pre #4537
) W) mel-1; LI M AE K K ¥, B U
XPR2-5"-2/XPR2-3" 5| #) PCR 13 %] 5" 7 43
XPR2pre J¥ AN mel’, FISIALIG ) pTEF. mel’ |

LIP2t NIREGJEY), pTEF-5'/LIP2-3" 45|¥), £ HE
PCR 15 2| A fl & 7 Bt TXML,

1.3.2 A FRIEH K pINA1297-a BOMEE: HIE
pINA1297 £ i B& i i I U )7 51 & 3F 51
pINA1297-a-5'/pINA1297-a-3'-1 B pINA1297-a-3'-2
(% 1), LI pINA1297 JokihAitk, DL pINA1297-a
-5'/pINA1297-a-3'-1 R 514k T PCR, LIFEIMYH
MR BeN B, FHSIY pINA1297-a-5'/pINA1297-a
232 FRE T PCR, 193] :BR15 5K XPR2pre )
pINA1297 ZafEfi s Uiy B hpad’'s LA Cal 1
HSAT 20 WIXEE] hpad F1 R pINA1297, 4tk )5
HEATHEE, MRS EE S XPR2pre (AN #iE2
& pINA1297-a,

1.3.3 FRBEERICE: B M & A A #T B RiE H R R4
B KR A B TXML H Sal 1 FI Sac 1 XUEYI, 43
) 5 2 ok WA XUEE VDAY Bk pINAT1297 Al
pINA1297-a 473 #, 15 8 (] 5T AL
pINA1297-TXML Fil pINA1297-a-TXML. A k)5
U A R 2L E AT, s
MCS-5'/MCS-3"(F£ 1) Z v AL s AR IRk
Avr 11, Sac 11, Aat 11, Afl 11, Nde 1, EARETR N L
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%1 PCR3IYFIIF
Table 1 Primer sequences of PCR

519 Gk 2]
Primer name Primer sequences (5'—3")
pTEF-5' ATAGAGCTCAGAGACCGGGTTGGCGGC
pTEF-3' GTAAAGGCGGTAGCGAGCTTCATCATTTTGAATGATTCTTATACTCAG
XPR2pre-5'-1 CTCACGGCCGTTCTGGCCATGGATCGTGGCGTCAACG
XPR2pre-5'-2 ATGAAGCTCGCTACCGCCTTTACTATTCTCACGGCCGTTCTGGCCATGGATC
XPR2pre-3' GGTGGTCTGCATCCCGGGCCTGAGCTATTTATCACTCTTTACAACTTC
LIP2t-5' GGTGGTCTGCATCCCGGGCCTGAGCTATTTATCACTCTTTACAACTTC
LIP2t-3' GCTCGTCGACTCCACCTGTGTCAATCTTC

pINA1297-a-5'
pINA1297-a-3'-1
pINA1297-a-3'-2

ATTATCGATACGCGTGCATGCTG

GCTGTGGATGTGTGTGGTTGTATG
ATGGCCAGAACGGCCTGTGGATGTGTGTGGTTGTATG
AAACCTAGGCCGCGGGACGTCCTTAAGCATATGTCCATGGCCTGTCCCCACGTTGCCGG

MCS-5'

MCS-3' ATGGAATTCGGACACGGGCATCTCAC
YL-rho-5' ATACCTAGGATGTCCATCCACATCGTGGCGC
YL-rho-3'

AAACATATGTTAGTGGTGATGATGGTGGTGCATTACTAAGCAACGACATTTCC

pINA1297 ki A, i MCS-5/MCS-3' PCR 1%
FH R B MCS, JF45d Ave TTHI EcoR T XU
a7 5 5 % A FE WU D) B pINAT297-TXML  Fil
pINA1297-a-TXML 3%, 75 215 8 il S5 K i N 2R3k
AR pINA1297-M Fl pINA1297-a-M, 4 XU A1
JF 5 IE

14 MRERBKEBESNZFACRFERERNEE
4 46 )

FH I PR 480 9265 28 Not TR PEAL 5 B4 B &0 0 i Py
FIREAK pINA1297-M il pINA1297-a-M FE4L A
fife i HIS G A 200 g 5 b I T R R A TR B B
WA TR AR . 23 d 5 Bk SR LA B 60 AR (o
AL FIE ML 4l DNA, H PCR FRRE
WE, 51910 pTEF-5'/LIP2-3", 15 5| Jfd 4h J2 g N 1k
T F YL-M I YL-a-M, BEALHEEE 3 S FHMEE A
T, AT SmLA YPD T, B34 60105, HL
o3 IR MR R AT R E R R, U A TR kAR
AR EARENEA TR,

1.5 rho ERBEENIREEMERIZRFEPHRIE

1.5.1 FHHEREHFAEWERBIEIKESrEL:
¥ BC041337 (GenBank accession No.)iXiT5|4)

YL-rho-5/YL-tho-3’, 4 PCR &FIMEE rho &

Avr 11 1 Nde 1 BBV 5 537 55 28 [R)FE SURD] 0SBk
pINA1297-M HI pINA1297-a-M %, 153 oh &
N #3k 25 1& pINA1297-M-rho #l pINA1297-a- M-rho,
28 WU RN P 35 00E

ZM 1.4.1 ERBR pINA1297-M-rho Fil
pINA1297-a-M-rho 5% Ak A f NG HR CTREREh, PHFE
fbF AT N4 PCR BiE, 5194 YL-rho-57
YL-rho-3'. 43 %I % F| g b K Jifd Py % 38 & 41 F
YL-M-rho fll YL-a-M-rho,
152 HWMEBRBS B EL RGN : X fhg 0
[CEERE E A7 &1 3 d )5, ¥ YL-a-M-rho i &
TRV 5 0, A5 30 %) T B 200 25 v R 40 e A S
(20 kPi)f5, 13 000 r/min B.0> 10 min, 5 FIEW;
¥ YL-M-rtho EBEWES.C, WHEKEE IEW . 55
PP RD WO 4 Ni-NTA 20 kE, 4ifk 3 i
QIAexpression " #/ETF- W o W5 VM GE TG 48 U8 Ik
47 % 0.5 mL. Zifk 5 1) H 8 1 4 SDS-PAGE faill,
BT B I S UL SR [21], LAAR I3 B R B
o AR T AR T RIB S, K BT R IB
1435 iy 44 pINA-Rho (I8 71 3¢35)Fl pINA-a-Rho (Jifl
MZRIE),
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2 GR5R

21 £EEEK mel
Gene2Oligo! 4 4 n] I F 114 35 KA Bt e
TRBATIR B, BSR4 ST R BrZ R e
SRR, IR BTG — BB KR EE, Bk S 7E Bl
J5i 4% PCR B SEAZ R v BOAE G, M TiA5 3 5 HLAR
SR S5 . M Gene2Oligo B3 AT H W3 2.
222116 PCR 198 H W EE N F B mel (K] 1) 745

B, RGN mel 2K I FH 5 NCBI _F Y58 4>
FH A

2.2 FRAEERRKEE B RIEHIRAIE

2.2.1 TXML WIEZE PCR: fif IR HE G BB 0 58
. N AW ST XPR2 (L4 &
H i) 05 S RS 8 pXPR2, (B H 2 J% i I 4%
S5 BRI HAE Tk 1 A R A2, i TEF (5% % 4E
TR ST pTEF Jss 4l R, fEfa & i
SAMNR RN A F k1T XPR2pre (LA E

R2 mel MBEBREHRERAKR

Table 2 Oligonucleotides for the synthesis of mel

519 gl
Primer Primer sequences (5'—3")
RO ACGTTGACGCCACGATCCAT
FO ATGGATCGTGGCGTCAACGTGGCCAAGCAGATGAAGTTCAC
R20 CGAGAAGTCCGGTGCGTTGGTGAACTTCATCTGCTTGGCC
F41 CAACGCACCGGACTTCTCGGGCGCGCTGAACGTTG
R60 CCAGCTCGGTGCGGTATTCAACGTTCAGCGCGCC
F76 AATACCGCACCGAGCTGGCCAGTGCGGGCAACCT
R94 GCTCACCCGCGCGGACAGGTTGCCCGCACTGG
F110 GTCCGCGCGGGTGAGCTACAGCTATCAGAGCGAGGTGT
R126 TCAGATCGGTGGTTGGCCACACCTCGCTCTGATAGCTGTA
F148 GGCCAACCACCGATCTGAGCCCGGTGATCCGCCA
R166 CCAGTCCGTAGCCGTCCTGGCGGATCACCGGGC
F182 GGACGGCTACGGACTGGTCAACGCCGGCGTGAT
R199 GCGTCGTCGAGCTTCCAGATCACGCCGGCGTTGA
F215 CTGGAAGCTCGACGACGCCTGGACCTTCTCGCTGCA
R233 GGCCAGGTTGGTGCCCTGCAGCGAGAAGGTCCAG
F251 GGGCACCAACCTGGCCGACAAGGAATACCGCACCACC
R267 CCGCCGGAATGTTGTAACCGGTGGTGCGGTATTCCTTGTC
F288 GGTTACAACATTCCGGCGGTCGGCACGCTGATTGGC
R307 GCGGCGGCCCATAGAAGCCAATCAGCGTGCCGA
F324 TTCTATGGGCCGCCGCGCCAATATACCTCAGCGTCCG
R340 GCAGACGGTTCCTAGAAATCGTAACGGACGCTGAGGTATATTGGC
F361 TTACGATTTCTAGGAACCGTCTGCATGACACCGTCTTACGATTGATCT
R385 AGACCATCGTCACTTTTCCAGTACAGATCAATCGTAAGACGGTGTCAT
F409 GTACTGGAAAAGTGACGATGGTCTGCGCCTGCATGCGCGC
R433 GCGCCTGGGGCATGATCGCGCGCATGCAGGCGC
F449 GATCATGCCCCAGGCGCGGGACAGCCACCCCGT
R466 TGCAGACCACCGTGCCACGGGGTGGCTGTCCC
F482 GGCACGGTGGTCTGCATCCCGGGCCTGAATCAG
F498 CGTATGGGATGCCGCCCCTGATTCAGGCCCGGGA
F515 GCGATAAGGCGCTGTCCA
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ity (1) 43 W VR A7 = K 2 5 e R A B AR 5K,
BRI T 2 MR EE AW REP, KR
LIP2t 72 fiff g HIS UG 1 1 32 2 149 it & 43 W P B 07 it
LIP2 M EIX, BEA RIS FRARIS, K 2A &
INERN RN pTEF. mel’. LIP2t F Bt 5 H R
K/NHATE], K =FERIRGRYiFTTES PCR, 15
g4 A B TXML, & 2B s, 52604830 A
B S5 HMW R BOR/MESE, W45 R RV, SRR
TXML H1'/) pTEF. mel’, LIP2t B§FEJ¥%1 5 NCBI
=2, IR IEMHES

A

bp M 1 2 bp M

750

500

250

100

bp M 1

2 000

1000 —
750 —

500
250 —
1 mel IEEHEN
Fig. 1 Cloning of mel by assembly PCR

E: M: DNA FRifESS T4k 10 43¢ PCR 774 mel.
Note: M: DNA marker; 1: Assembly PCR product of mel.

B

2 HERKE mel’. pTEF # LIP2t B2 R KB TXML fIZ%& PCR
Fig. 2 Cloning of mel’, pTEF, LIP2t and the overlap PCR of TXML
1 M: DNA Frifisr75; A: FEH R Bt mel’. pTEF F1 LIP2t 58 FE; 1: mel’ PCR J74); 2: pTEF PCR j=4)); 3: LIP2t PCR j=#). B: 1: 4

%¢ PCR F=¥J TXML.

Note: M: DNA marker; A: PCR products of fragments of mel’, pTEF and LIP2t; 1: PCR product of mel’; 2: PCR product of pTEF; 3: PCR

product of LIP2¢t. B: 1: Overlap PCR product of TXML.

2.2.2 MIRRIEHIK pINA1297-a B9#E: H T4
SR T LA T A I R Y, T — R A R
GrAh o PEAHL I N T AN P AR SRR AR e RE . UL,
AT 5% 0 I s L A7 3% 58 R el Dy M PN 2R 8 B,
Ak HEAT J5 S i P FPOBT B B TR, B 3 R
M F A AR A EE IS FE, K hpad BAL pINA1297
JRRLAY hp4ad FI XPR2pre J&, 15 3|M N £k K
pINA1297-a, £ XLRGY) S I 563k 1A
223 fREBERKEZ B ARSI R BN FT B RIX H ik
#: Jl TXML & Bt & 10T k. pINA1297 Hi
pINA1297-a YT EEARICHE A ur3d4 J545 2] b a] BT
K pINA1297-TXML F1 pINA1297-a-TXML, R ]
JG 43 IAE 1.0-1.5 kb [A]f124 5.0 kb Ab45A — &< 15 M
Ay, UESEME BRI . Bl S FTETRY MCS Bk
J& A MCS J5 A5 2 AL Ah R Py 3R G Bk

pINA1297-M Fil pINA1297-a-M (& 3), MlFas %
W R A A B ) o
23 MREHIREBSMEARMERERNIEE
4 46

PR IR 2 3R 3R AR A A R IS T B )5 75 )
{14 B4 i 2 5 e v S Y PR e R R e L, 5
KRAEA mel WHEEX LR, raoibBeREn
A5 2 7 rh BORLAY 5 DUBCE IEAROC, MU Rk
F G0 ARIR S AR I RT3 o A R O S R 5 DL
T FEPI 4L PCR 45 3R W BRI C BLEh 45 A it g IS
ICEERE LRI 4 . FHME T B E 40 2985 5% 60 RS, 7E
i 8 1A b SR B0 AR (R, R SR A R RE RS E
FAETERENA S, HEHF MR, §E
TG AR, ATALMEREEE, DGR RV R
I IS UG e 7 A 3R A R 1
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Sac 1 Clal Sfi 1 Sac Clal Sfi 1
Bgl1 Bgl1
MCS< Bin1 MCS~ Bin1
Acc 651 Acc 651
Kpn 1 Kpn 1
EcoR 1
EcoR 1
pINA1297 0
Sal 1 291 b pINA1297-a .
a 5291 z
ta P gtk . 5259bp
zeta
Deletion of XPR2pre
Substitution TXML for ura3d4
and
change MCS
Sla 1 g! vr H
Clal ac
ol ves< it
MCS< dar 11 Afl 11
ANl 'Ndc 1
Nee T EcoR T
EcoR 1

pINA1297-M

5285bp
'zeta

pINA1297-a-M

Sal 1 5253 bp

'zeta

3 FRASERICE: BB RIAFRAIGE T IEE

Fig.3 Construction map of new secretion/expression plasmids of Y. lipolytica

Yo 7 e i OIS G e £ vl g R ) oK 2 s 2 il
5HEMA YR ZREGEAT R, BRI 2R
it A T TR il 5 L G R il 1 T U I IR (IR
T 9%). HEiHEpH A 510 bp, MFEEAT AT
B BB R ARG i B 2 R R R L PR
00 P W) — 5 E SIS SO P 0kt 35 PR 2 19 3R 38 Tk
A 07 FH T B HIS [ B B A PR
24 rho ERERREMREEMERIERZPHIRIE

B rho 3 E e BT RIEAR pINA1297-M Al
pINA1297-a-M v, 15335 20 R K &4k pINA1297-
M-rho Ml pINA1297-a-M-rho, X ¥ )5 43 %I 1E
1.5-2.0 kb [HH — 415 M 5540 5 B B9 FE R/ [E],
TP UE S TR o A 2 0 3 P B 1 735 € Pl e
EMATFHIT RN LEAT), 3 dE, KIE1.5.2
HEATElifk BT 4R, 1T SDS-PAGE 4 #T, 4%
RO 4. B s M ANE 55401 1 K I b i
T P B 21 Ak 1) A L B R B gl Akl R R
M, PifhEE FI7E 66-116 kD ZJH], 25 70 kD, ¥
FEH rho FEMFRIE F G0 I BLE) 2R 35 LI it i I TG
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BRI 2 2 0K AR GE I AR 1 BRI T A ] R
T R EAEY

3 i

St JI 1S G e 2 e 5 L P o R ) — o 2,
A% B HAT 8 B2 WA (B S Tl v R 7. T
HAEARWMTREFHEERABICR, I Rk,
MR AL AR BEAL . RERIA S FORIEM R I HA S
JF A GRAS (Generally regarded as safe), F Itz
IKRGAE T . BE2Zy . B B ORIz
A SO R B I) K U5 T W 22 2R AR R T 1Y mel 1R R %
g R e bR O3 R, AL T E R SRR
B, H ST A AR R T B — A A I TG R
BEEFAE RVTR R A 0, TSR mel R 2RI
AW (AN g B0 A 28 IR AR 78 % i R0 0E 47 7 328 )
FKIXRGE RN M TS ZMiEREEA
PUR ARG (1) S i . i (2) HA M
REE . BRAE; (3) I ME LM REICTHT X e £
HEATAR AT O E A, AT T B AR bR o
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E 4

kD M 1 2
116 — w—

S
66 ——

45— ——
35— —
25 ———

41k [R BE BB A0 SDS-PAGE 4347

Fig. 4 SDS-PAGE analysis of purified Rho protein
FE:M: HABARMES T8 1 £ Ni AE4l4K A9 8 T pINA-Rho;

2 &

Ni #4046 ) & 1 T pINA-a-Rho.

Note: M: Protein marker; 1: Purification of pINA-Rho by His-Bind;
2: Purification of pINA-a-Rho by His-Bind.
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