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Abstract: Translocation ribonucleic acid (tRNA) is one of the important components in protein synthesis. In order to explore
the effect of the changes of tRNAs corresponding to rare codons (rarity tRNAS) on the expression of exogenous genes, the
co-expression system of rare tRNA gene and exogenous gene in Pichia pastoris was constructed. The expression of GFP in P.
pastoris can be greatly reduced when a repressor region composed of four continuous proline rare codon CCG was added into
the GFP gene. The expression amount of the repressed GFP could be increased about 4.9% when tRNAZS; gene was
cointegrated to the 3’ of the repressed GFP gene through pPIC9K to the genome of P. pastoris GS115. Meanwhile, the
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expression amount of the repressed GFP increased about 12.5% by integrating the repressed GFP gene and tRNAZS, gene to
the genome of P. pastoris GS115 through pPIC9K and pFLDa, respectively. Using the same method, NFATc3T-GFP fusion
gene and tRNAZS; gene were co-expressed in P. pastoris GS115 resulting in 21.3% increased of the expression amount of
NFATCc3T-GFP fusion protein. In conclusion, tRNAZ gene has been confirmed to be a kind of rare tRNAs in P. pastoris
GS115. Through co-expression of tRNAZS; gene and heterol ogous genes which containing the continuous rare codon CCG, the
expression of the repressed heterologous genes could be increased significantly. Furthermore, this co-expression system would
contribute to screening and determining the other rare tRNAS.

Keywords: Pichia pastoris, rare tRNA abundance, tRNAZS; gene, co-expression
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1 PCR Y #EBIMWERFT

Fig. 1 The gene sequence amplified by PCR. The gray broken arrow represents the open reading frame of GFP. Four identica
consecutive rare codons CCG are integrated into the coding region of GFP. The blue arrow indicates the tRNA gene.

*1 KBHASY
Tablel PCR primersused in the experiment

Amplified by PCR

Primer sequence (5'-3')

GFPycccF
GFP4cccR
GFPyccetRNAZ: F
GFPyccetRNAZ: R

TACGTAGAATTCATGTCGAAAGGGGAACCG
AAGGAAAAAAGCGGCCGCTTATTTGTACAA
CCGGAATTCATGTCGAAAGGGGAACCGCCGCGCCGGAATTATTCACT
AAGGAAAAAAGCGGCCGCCTCGAATCTGATTCTTAGAAAAAATTGAACTCGGG

tRNATS F CGCGGATGCACAAAACAATAGAATCAAGA
tRNAZ: R CGCGGATCCTAGGAGGGCATTAGC

tRNAGE, F CGCGGATGCATAAAAGCATTGAGCACG
tRNA, R CGCGGATGCATCTATTGGAAAAGTGACGAT

Underlines indicate the cleavage site of restriction endonuclease.
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R ) 0.2 cm HLHARH, ZEVK FCE 5 min, HLE
1500V #frHd:, SZRIAIA 1 mL fii¥2#) 1 mol/L
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Fr 24h, BUl 1mL JTORES , T4 R FH I
BEFENZ] DNA $RHGR S UL 4] DNA, JF
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dNTPs 1 pL, ETF¥F5144 1.5 b, A&tk 1 pL,
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EREEEICHLTK 120V, 30 min, EEIERG RGN
1.2.3 HHREFHRL GFP EFPEHFRIE
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%= 2 AOX 5FLDa 314
Table2 Primers: AOX and FLDa

Primer name Primer sequence (5'-3)
5'AOX F GACTGGTTCCAATTGACAAGC
3'AOX R GCAAATGGCATTCTGACATCC
FLDa F CTCGTACGAGCTTGCTCCTGA
FLDo R CCGTCAGGGCGCGTCAGC
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GFPaccc 3 H Fil GFP4cca-tRNAZSHE K 4351 7
eS| ZER IR pPICIK £ FifE(i i EcoR 1 Al Not |
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PER AL T BB BE I e UKk b AT LR 25, — 4%
oA B R EER i 492 bp AOX 43 JE [X] 3 4] g ik
R B, Hr GFPscce Ml GFPacca-tRNACS Y [
BOUESRHT RN 43R 1221 bp (729 bp+492 bp)
1 1 374 bp (882 bp+492 bp), H—4 N AOX1 K
HABE, K/ 2200 bp (K 2A, 2B). HKAE
TEAff ) E A AR A DN, AT T A5 2 E 4 P i
GS115/pGFPcce Fll GS115/pGFPacca-tRNAR:.
IR, B tRNAZSHE I tRNASL L 5 b 5|

B
bp

—2 200
— 1221

2 EYHEEFREER PCR IIE

M+_— 12

—2 200
— 1374

ZEMR UKL pFLDo 2 Su v i BamH T 4b, 13511
T2 iR pFLDa-tRNAZS . pFLDa-tRNAZE > 51| 4%
A B EH F bk GS115/pGFPacce 1, 4 FLDa 514
(3 2) PCR i e 55 4k 1, tRNAZSIE [ Fl tRNARSJE
K K /N3 )k 147 bp A1 150 bp, Jil b pFLDo &
28 1% 300 bp, HIFHT 48 447 bp Fil 450 bp
(E 2C). K56 UF IE A 1Y B 21 PR AR ISR e, Bk
I H T H A E bk GS115/pGFPcca/ptRNAFI
GS115/ pGFPscca/ptRNALE, .

bp

— 447(450) bp

Fig. 2 PCR identification of the positive recombinant P. pastoris strains. M: nucleic acid molecular weight marker; +: postive
control; — negative control. (A) 1, 2: recombinant strain GS115/pGFP,cce. (B) 1, 2: recombinant strain GS115/pGFPcce-
tRNAZS. (C) 1, 2: recombinant strain GS115/pGFP,cco/ ptRNAZS:; 3: recombinant strain GS115/pGFPcco/ PtRNAG,.
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£ BMGY B FHP R FHEKEZE
BMMY 85 3: 3k p b4 B IS S5 9%, 18 S 55T
P& DT ODeoo 8% Ay [a] —/KF- (7.35 /2
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oL (B 3) FEA—Z, B tRNA L[ 5 H iy
D] e R T AT %o TR R 11 A 7 2 A7 T R R
222 WHESHRATE BN GFP &R&
WP B iMEE (K 4) 1 SDS-PAGE (/4 5)
Lk S8 9% 72 h A4 B GS115/pGFP Fll
GS115/pGFPacce 5% & G IR UK 5 9 e E il GFP
FIKKF (GFPHLE T HZUH 27 kDa), 251

&: 010-64807509

N, MAESAZETIE, GFP EILZH T
BH &2 BH 35 .

asf
a0f
35f
30f
< osf )/ — = GS115/pGFP (g
S ol / o GST15/pGFP,-tRNAP
sk / 4 GS115/pGFP, o o/ptRNAMN
ol/ v GS115/pGFP, o /ptRNAP®
.
5L

0 24 48 72 96 120 144 168
t (h)
& 3 EHEEFEEEEKH%

Fig. 3 The growth curve of recombinant P. pastoris.
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Oum10

GS115/pGFP

O pum 10

GSTI5/pGFP,q

0um 10

& 4 GS115/pGFP 84t F#1 GS115/pGFP,cce 5L FR I FTLE
Fig. 4 Fluorescence comparison between GS115/pGFP and GS115/pGFPyccc.

kDa 12

100 — ‘ 3
80 — . s . |
60 — sl S |
50— -
40 — § % ;

GFP (27 kDa)

12 ‘

B 5 SDSPAGE tt# GFP EERMEEHEZ
FRIERIEKE

Fig. 5 Comparing the expression levels of GFP gene
before and after adding continuous rare codons by
SDS-PAGE. M: protein molecular weight marker; 1:
GS115/Pgfp; 2: GS115/pGFPycce.

2.2.3 tRNAZE:REFIREIE

2% 20 5 R I B 1 R A K O 3 B i A R A
GFP W2 GIE AR . SR % 2L 2 D Be B hr A AE
485 nm R SGIRIRST T, Kl 523 nm & L5
Pl Aol . 55 3R aA 1) 2 v 45 T 41 56 o I B
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12 G AR Ak a3 e B — 30

v ] 2 A 3L 3K B fR GS115/pGFPaccs-
tRNAZS 5% BB % GS115/pGFPsccs H L, GFP 2
R 4.9%, ANRIEAILFRERE GS115/
PGFPscca/ptRNA 5 X BE T# A& GS115/pGFPacce
A GFP ik & P-4 12.5%, dkkik
GFPacce Ml tRNASS 1Y B Ak 2¢ Y (8 5 X% R B Bk
GS115/pGFPacce M H A T AL (& 6).

BES %k 168 h W& WK B, @i
SDS-PAGE il - 51 2H 56 o i BE s AR v B 19 28
BFKT- (K 7). GFP I/ T-E#)h 27 kDa,
AT LU H 4/ F 20 56 o e BE B AR ) 3R
T GFP, H:H GS115/pGFPcca/ptRNAZS I FE ) GFP
HikEhE, HIKE GS115/pGFPsccctRNAY,, #
T GS115/pGFPccs, 1Ml GS115/pGFPacee/ ptRNAR,
FRI¥) GFP ik &Mk . 284 Quantity One X 2
FE B AT s A, Hob, Btk GS115/
PGFPscce . GS115/pGFPscce-tRNA &5 #1 GS115/
PGFPscca/PtRNA LS 1 2 [ R I 543 il ol 243
245, 2.99 pg/mL, SRS CIE RS R —2
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Fig. 6 Comparison of fluorescence values of GFP expressed
in recombinant P. pastoris. *P<0.05, **P<0.01 and
***P<0,001(Student’s t-test). Error bars indicate standard
deviations from three parallel experiments.

2.3 tRNA #FRIXRGWIE

231 Ei&2 K NFATCIT-GFP FA B kA 2
T4 ik pPlICOK-NFATC3T-GFP LA FR il ¥ 4

VI Sal 1 1AL ARG U) S #-17He 4a , ilid
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kbDa M 1 2 3 4

|
30 — . .....'j« GFP (27 kDa)

20— W

12—

7 SDS-PAGE Lt% GFP FikkFE

Fig. 7 Comparing the expression levels of GFP by
SDS-PAGE. M: protein molecular weight marker. 1:
GS115/pGFPycce. 20 GS115/pGFPcc-tRNALS. 31 GS115/
PGFP,cco/ptRNAAS,. 4: GS115/pGFP,cce/ ptRNAR.

F o B AbCKs TR A B IR R BE GS115 il EE i i
R H 40 H bk GS115/pFLDa-tRNARHY, i i 76
MD i ¥E K 5% 3 b 8% 5% 9k 15 ¥ b T GS115/
pNFATC3T-GFP il GS115/pNFATC3T-GFP/ptRNARS, .,
Hrh FilA 5L NFATC3T-GFP [$4114 K4 1 170 bp,
F b 5 A R PR 2 W) 0 36 1
2.3.2 NFATC3T-GFP Bi-&7E A 5K ERI
Vi Feak o B v 4% E 2 e AR R (R 2 (AR
fEULE 8, DealHA b B —3k . T Rk
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Fig. 8 Fluorescence contrast of NFATc3T-GFP expressed
in recombinant P. pastoris. *P<<0.05, **P<<0.01 and ***P
<0.001 (Student’s t-test). Error bars indicate standard
deviations from three parallel experiments.
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A 2 F 9O E S B 41 Bk GS115/pNFATC3T-
GFP L, I T 21.3%.,

BiESHRE 168 h ME WK FIF, @i
SDS-PAGE il £ 51 2H B2 R o B H ) 8 P &
LKk (B 9), NFATC3T-GFP &2 I HE 43
TH2N 43 kDa, MEIHFTLIE H 2 A EHA FEk
B hFRE T HWE N, @ Quantity One
X RS P A 7 190 BT, bR GS115/pNFATC3T-
GFP/ptRNAC Rl A R I R 202 2.59 ng/mL,
5 Hitk GS115/pNFATC3T-GFP [\ il 4 78 11 K ik i
2.19 pg/mL AHEE, $E T 18.3%, HEGMAHEE
{45 AR
3 Wik

ASLVIA A S A %S T CCG 1) GFP &[]
R, Ak T R R EA R R GFPaccs
FEAFD tRNACCHE R B 8K pPICIK -GFPscco-
tRNAZL, LA AN R 244k #3k GFPycce %5
tRNAZCHE R () 2 A& pPICIK-GFPycce il pFLDa-
tRNAZLS, JFK T 21 AR e A\ e R e B v AT 3%
Ko BIREIR, SHRMEIE GFPacce ML, WA
KB T GFP Rk E A, Mk R
ik GFP £ A7 Al 5 4.9%, ARl # k4t %5 GFP

< NFATc3T-GFP (43 kDa)

9 SDS-PAGE Lt% NFATC3T-GFP Rt A R RIAKT
Fig. 9 Comparing the expression levels of NFATc3T-GFP
by SDS-PAGE. M: protein molecular weight marker. 1:
GS115/pNFATC3T-GFP/ptRNAZ; 2: GS115/pNFATC3T-GFP.
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FIkEI IR 12.5%, KA EALRE N T
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