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Function of Pichia pastoris Orm1 in cell growth and endoplasmic
reticulum function maintenance

LIANG Chen ZHANG Meng YU Qi-Lin  XING Lai-Jun LI Ming-Chun*

(Key Laboratory of Molecular Microbiology and Technology, Department of Microbiology, College of Life Sciences,
Nankai University, Tianjin 300071, China)

Abstract: [Objective] This study aimed to identify the ORM1 gene in Pichia pastoris, and to illustrate
the effect of its deletion on cell growth, endoplasmic reticulum stress response, cell calcium
homeostasis and reactive oxygen species accumulate on. [Methods] Sequence alignment and analysis
were done by the relevant bioinformatic software. The orm A mutant was constructed by PCR-mediated
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gene disruption, and the reconstituted strain ormIA+ORMI was constructed by transforming ormiA
with the pIB1-ORM1 plasmid. The growth rates of the strains were detected using both liquid and the
solid media. Gene expression related to the unfolded protein response, calcium homeostasis and
antioxidant system was detected via real-time PCR. The activity of antioxidant enzymes, including
catalase and superoxide dismutase, and the content of reduced glutathione were measured by relevant
kits. [Results] The P. pastoris ORMI gene sharing high homology with S. cerevisiae ORMI and
ORM?2, was identified in P. pastoris genome database. Deletion of ORMI caused growth defect,
increased sensitivity to endoplasmic reticulum stress caused by tunicamycin, activation of unfolded
protein response, disturbance of calcium homeostasis, reactive oxygen species accumulation, and
activation of the antioxidant system. [Conclusion] Because unfolded protein response, calcium
homeostasis, and production of reactive oxygen species are all correlated with ER function, P. pastoris
Orml protein plays critical roles in cell growth and maintenance of ER functions.

Keywords: Pichia pastoris, Orm, Endoplasmic reticulum stress, Calcium homeostasis, Reactive
oxygen species
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*1 FHAASY
Table 1 List of primers used in this study

Primers Sequence (5'—3") Size (bp)
ORMI1-5DR GGAAAGATTGGAGCCAGTGAG 21
ORMI1-1 GAAGCTATGGTGTGTGGGGCTGTGTTAAGGATATATCG 38
ORMI1-5ZEO AGCCCCACACACCATAGCTTC 21
ORMI1-3ZEO CTGCACCACAGCTTGCAAATTAAAGCC 27
ORMI1-2 GGCTTTAATTTGCAAGCTGTGGTGCAGTCTGTGTTGAC 38
ORMI1-3DR CGCTACTGATACCTGTGGAC 20
ORMI1-3inner CTGAAAATCGGGAATAGATCGT 22
ORMI1-5COM CGGAATTCACAGACAAAGTATTTATTTATTG 31
ORMI1-3COM CCGCTCGAGATGTACCCAGGTTCATA 26
Real-PPACT-F GGTTCCCACTTATTTCCCAG 20
Real-PPACT-R TCCTTCAGTTTTTCCGTCTC 20
IREI-5RT AGCCCTTGGTTTCTGTTGC 19
IRE1-3RT ATCTCTCCAGTCCATCCCGA 20
INO1-5RT TGACAAGGCAAGATACACCG 20
INO1-3RT GACCTACCAGCAACAAACCC 20
PMT4-5RT GTCTCGTTCTGTGACTTCAACC 22
PMT4-3RT GCCAACACCAGCAAATAATAGC 22
PDI1-5RT GAACTTGTTTCTGCTGCCG 19
PDII1-3RT CAATGCTTTGGCTCTGTCTT 20
KAR2-5RT AAGTCGGGTCGTGTAGAAAT 20
KAR2-3RT CGCTTCAAGTCTCTTTGGA 19
CCHI1-5RT TCAGAAACAAATCAGCCCG 19
CCH1-3RT AGTGGGCATTGTCCTTGAC 19
CNBI1-5RT TTTGACGAAGATGGCGGT 18
CNBI1-3RT TCAGATTCCCACCAACCA 18
PMRI1-5RT TCTGTTACTGATGGGTTCCG 20
PMRI1-3RT GCCTCCAATGATTTCTCGG 19
PMCI1-5RT CCGTCCACACTATCAAGTCTG 21
PMCI1-3RT AGTATGTTCTCTCCGTATCTCTCG 24
CRZ1-5RT CTTCCTCCAAACGCTTCTTT 20
CRZ1-3RT GTATTGGTTGAAGTCTTGGGC 21
RT-cSOD-5 CGAACAATCCTCCGAAAG 18
RT-cSOD-3 ACCCTTGGCAACACCTTCA 19
RT-mSOD-5 AAACAAGGAGGTGGAGAGC 19
RT-mSOD-3 CAAAGGGACCAAACTACC 18
RT-CAT-5 GCTACTAACCTGAAGGACGC 20
RT-CAT-3 TTGAAGTTTACGACACCCAG 20
RT-GPX1-5 CCCATTAGATAAGAAAGGCG 20
RT-GPX1-3 CCAAACTGGTTACAGGGAA 19
GLRI1-5RT AACTTCGCCCAACCGTAT 18
GLR1-3RT TCTCAATCGCCAAGGACT 18
TRR1-5RT TTATTGCCACTGGTGCCT 18
TRR1-3RT CCTCCAACAACTGCCAAAG 19
RT-YAPI1-5 GGAAGCCAAGCACAAGGTA 19
RT-YAPI-3 TCCATACAGAGCCCATCAAT 20
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Figure 1 Sequence analysis of Pichia pastoris Orml
34 ( protein
) Orm N A DNAMAN Orml
B TMpred Orml
20—60 )
(2] Note: A: Sequence analysis of Pichia pastoris Orm1 by DNAMAN;
B: Transmembrane domain analysis of Pichia pastoris Orml via
ormlAorm2A online TMpred tools.
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Figure 2 Effect of ORMI1 deletion on the growth of P.

pastoris
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ormIA+ORM1 B YPD YPD+50 ug/L Myriocin

GS115 ormIA  ormIA+ORMI

Note: A: Growth situation of GS115, ormIA and ormIA+ORM1 in
liquid YPD medium at 30 °C; B: Serial dilution strain of GS115,
ormlA and ormIA+ORMI were spotted onto plates of YPD and
YPD plus 50 pg/L myriocin.
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YPD+100 mmol/L CaCl, YPD+300 mmol/L CaCl, YPD+500 mmol/L CaCl,

) g | CaGsis
- § B ormiIA * *
$ Q
S 40 E 4| WMormIA+ORMI
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g g2
= E
Q
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0 s > oMl 0
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Bl 4 ORMI ERFERENHMARITISHIFMN
Figure 4 Effect of ORM1 deletion on calcium homeostasis
A ormlA (CaCly) (EGTA) B GS115 ormIA  ormIA+ORM]I YPD
C PCR E (P<0.05).

Note: A: Sensitivity of orm 1A to high calcium (CaCl,) and low calcium (EGTA); B: Cytoplasmic calcium contents were measured in GS115,
ormlA and ormIA+ORM] strain under YPD culture condition; C: The expression level changes of calcium response genes were measured by
real-time PCR. *: Significant difference between ormiA and WT (P<0.05).

A *
L C1GS115
g B ormIA
8 40 W orm[A+ORMI
3
g
3
£ 20
=]
2
0 - : ; :
—Tunicamycin +Tunicamycin
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ormIA+ORMI B X"
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GS115 E 32
ormlA Bi.

ormIA+ORM1 8%
5 ORMI EEHRKITHA ROS KFMEILE HHUEIERIFNG
Figure 5 Effects of ORM1I deletion on ROS level and sensitivity to oxidative stress
A GS115 ormIA  ormIA+ORM]I YPD YPD+2 mg/L ROS B ormiIA H,0,
Lk (P<0.05).

Note: A: Cellular ROS levels were measured in GS115, ormIA and orm1A+ORM]1 strain under YPD with or without 2 mg/L tunicamycin culture
condition; B: Sensitivity of orm 1A to H,O,. *: Significant difference between ormIA and WT, and orm 1A with or without tunicamycin (P<0.05).
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Figure 6 Effects of ORM1I deletion on activity of antioxidative system
A PCR B-D ORMI .YPD
CAT (B) SOD (C) GSH D). * P<0.05.
Note: A: The expression level changes of anti-oxidant genes were perceived by real-time PCR; B—D: Cellular antioxidant system was actived

in ormIA cells. Cells were cultured in YPD medium to log-phase, and cellular CAT activity (B), SOD activity (C) and GSH content (D) were
analyzed. *: Significant difference between ormIA and WT (P<0.05).
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