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Development of Monascus purpureus NTU 568 Gene
Manipulation Platform Using Electroporation Method

Yi-Ling Pan'!, Chih-Hui Lin*?

Abstract

Filamentous fungi have become important industrial producers with high commercial
value due to their ability to synthesize various beneficial proteins and secondary metabolites.
Among them, Monascus is a key strain in Asian fermented foods, with its products widely
used as dietary supplements and food coloring agents. As the whole genome sequence has
been deciphered, research into the biosynthesis genes of secondary metabolites in Monascus
has gradually deepened, laying the foundation for precise genetic studies. However, the
current gene manipulation tool for Monascus - Agrobacterium transformation method has
limitations due to its random insertion characteristics, making it unsuitable for functional
genomic research that requires precision. Therefore, developing an effective gene
manipulation platform is essential before delving into the genetic mechanisms of Monascus.
This study constructed a homologous recombination deletion plasmid, pHRL, targeting the
pksCT gene in Monascus NTU 568, successfully reducing citrinin yield by 89%. The results
indicate that cell wall removal, the use of linear plasmids, and regeneration culture time post-
electroporation are key factors influencing the electroporation efficiency of NTU 568. Future
research may explore alternative promoters or more effective selection markers to enhance

the screening efficiency of stable transformants.

Keywords: Monascus, Secondary metabolites, Gene manipulation, Electroporation
efficiency

Yi-Ling Pan, Student, Department of Life Science, National Taitung University.
Chih-Hui Lin (Corresponding Author), Associate professor, Department of Life Science, National Taitung
University. E-mail: chlin@nttu.edu.tw

54



LAAEES HEE] 2024 5 14Q2) > pp.53-67

I

o

= 3 F( Monascus purpureus )8~ 8] 275 B30 S BB S ATERY SR S R

o %b;ﬁgﬁﬂ g‘% B¢ PR E R o - FfAT 1884 £ d 2 Wﬁ—*ﬁ van Tieghem # =t &

%?pv FiE2 1 e HEBRE > 2003) i i FE s 2R Abd R d PE Y T

7 ¥ I 7 5 (septate hypha) » # X =4 ¥ & 2 F feh KBS § o 5 epst 8

(homothalhc) 2 P R A RS Ak EF g Bfea B RE o e H Ap AR
WY B & AdEeni i 4 (5% 0 1970)

-~ EREAHP
ERATTEAHMPHAFRE FEEPTE A AR e T A0
(= ) Monacolin K (MK)

MonacolinK # = ff 03 B F M4 > &5 d P ﬂk?'*‘{é BRI 1979 &
1€_Monascus ruber » 4 3t % (Endo, 1979) - MK &_- &£ ¥ fis é‘. %\#»P?H?*?IJ ' 23
BF il gk o TARRE F NI IR BRE & R SRE g L2
#LF 17 * (Xiong et al., 2019) -

(=) =8¢ % (Monascus pigments, MPs)

EREAT AT 25 fAgd Ao d 3 EASEFS T AL R
AMFRE G FL g FURToPOR Y £ § £ ¥ ox(Zhuetal ,2019) 0 1 & cnio 94 3
¢ 35 %2 ¢ % (monascorubramine v rubropunctamine) - # % (monascorubrin fr
rubropunctatin) £ ¥ ¢ % (ankaflavin 4= monascin) > ¥ * eait & ‘éif#f"‘ BT E B
% 38147 crrazaphilones #f © = f9¢ 2 en% 2B o iTE R T AP > H A S BAE
Bt B4 2 F LA £ H H § ¢ % monascin ¥ ankaflavin (Fengetal., 2012) o
(=) ##&k% (Citrinin)

B i#E A - B EF & 0 & A 3 2% Penicillium ~ Aspergillus % Monascus
P (Kovag et al.,, 1961) o i&f64 2 ¥ F{c T o7 3 12 wslg - k7B 4L
CHLEWHER L BREET o d gyl %25’1‘%%{? g S EAR T B T
o 2 A ffd FORFETIRERE DAL AT NER

R
LREATPELF L 2003 £ kiEH BB véﬂfﬁji Ik A i
i & A% (genomic DNA-mediated transformatlon, GDMT)i& 7 = 48 7 2k Flezid o SE18
A F1# % ~ PEG-R 24 7 %4 1] ;2 (PEG-protoplast mediated transformation, PEG-PMT) -
B & %ﬁﬁ 4] (Agrobacterium tumefaciens-mediated transformation, ATMT) = 2| fi= 45
fi B & = % (restriction enzyme-mediated integration) % B fir4p B 51 ~ > B - H JEiE
= 59 A o0& A% 1 (Lakrod et al., 2003; Campoy et al., 2003; Chen et al., 2008) - 2@ > i&
Bk 24 H B U AR~ AT RS A TR e ARl > © A%
EAy

L |
>
I&%\« )

o

55

-



EAF ~ HRA%* 45 5 Monascus purpureus NTU 568 ¢ # 4| L Fl3% (v T 5 B 3

Flt o BB R MR TFIFREL SRR IMER o X kT g

o g L_iimaﬁrs MK 4= MPs 4 & » E& 31&% WE ot X U LE 55«1[?]
LA PR O B BECLF] 0 ST L AR IR ER Ry
FILL A DiEr o RS SR RE RPF fo

7~
-~ ERER
AFTF AT 2 2§ Atk Monascus purpureus NTU 568 (DSM 28072)d & = . %
S EA PR TP KRR % E TR & o E. coli pPCAMBIA1380 F# 5 pCambia Labs
(Canberra, Australia) °

I B%

‘=49 M. purpureus NTU 568 448" PDA T3 & A 732 & & 28°C - E. coli
pCAMBIA 1380 © B~ 5 UL %3 +:-80°CH i /4 i 5% 4 2 f&if Fi# #2463 5 mLLB
%4020 37°C > 150pm v 35 & 18 ] P E I Ftk o £ 42460 7 25 pg/mL kanamycin 2
LA THEREAEITER A 37C-

I REIE
(- ) 45~ 4 DNA
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Table 1. Primers designed in this study.

Oligo ID Target gene Sequence (5'—3') Amplicon size
pksCT-L R ksCT CAGTCCGCTATCTATCCATG 654 b
pksCT-LF P AGATCTCGACCCGTTTAAAG p
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Oligo ID Target gene Sequence (5'—3') Amplicon size
pksCT-R R TTGGCATAGACATCAGTGAC 656 b
pksCT-R F CATTGACAATCAGGAGGACA p
Hph OE F CATGGATAGATAGCGGACTGCTTAGA

CAACTTAATAACACATTGC 2598 bp
Hph OE R hoh TGTCCTCCTGATTGTCAATGTCTAATA

P AACGCTCTTTTCTCTTAG
1380 hph F CTTAGACAACTTAATAACACATTGC 2585 b
1380 hph R TCTAATAAACGCTCTTTTCTCTTAG p
GMLF GML AGGGCAAGTTTCCACCTATGTT 416 bp
GML R TAGGGTTTCGCTCATGTGTTGA
pkCT-M F ksCT TTGGTTATCAAGACGCATCCCA 855 b
pksCT-MR P CCTCACGAGCATCAAAAGCAAA p
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KH2PO4 ~ 0.5 ¢ MgSOy - 7TH20 ~ 2 g NaNOs ~ 0.5 g KCI ~ 0.01 FeSO, -

100 g sucrose ~ 1 g

TH0 ~ 3 g

yeast extract ~ 5 g casamino acid and 1.5% agar per | L medium) ¥ > # 3+ 28 °C » 150
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Figure 1. Competent cell. (a) Germinated conidia. (b) Proptoplasts.
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Step 1. amplification of pksCT-L and pksCT-R sequence.

PpksCT-L pksCT-R

pksCT gene
-> -« -> -«

pksCT-LF pksCT-LR  pksCT-R F pksCT-R R

phsCT-1 =X pksCT-R (I

Step 2. amplification of 35ST-Hph-35SP sequence.
Hph gene

CaMV 358 terminato

CaMYV 358 Promoter
35ST Hph 35SP
{ [— 1

> =
Hph OE R Hph OE F

¥

35ST  Hph  35SP
pCAMBIA 1380 K =1

Hph OEF  Hph OER

Step 3. ligation of OE H on pksCT-L or pksCT-R sequence.

PpksCT-L
=KX OEH OEHL
=1 B ) ==K [=—1 B

35ST  Hph  355P
’ pksCT-L 35ST  Hph  35SP

358T Hph 35SP

| | =] OE HR
[l
OE H o — ‘ X T+—T1 pi=—=]
pksCT-R 35ST  Hph  35SP  pksCT-R

Step 4. ligation of OE HR and pksCT-L.

35ST  Hph  35SP  pksCT-R

OE HR
==X ) ==K [ e
PksCT-L pksCT-L  35ST  Hph 35SP pksCT-R

W 2. A5 F & FIPI% cassette AN I o

Figure 2. Gene knockout casette construction steps in this study.
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A2 o & * Xbal F *» ﬁﬂﬁ'f’fﬁ'ﬁﬂ] T3 15 kViem T 3 & B o 352 5 (205.2 + 108.6
transformants/ug DNA) > e & -5 & frig 4] »c 5 2. F & &?—g g% o ‘5 d Kpnl § 7 eh
T AT H 1kViem T F B chig ) »c 5 (183.2£27.9 transformants/ug DNA) » e 22 #
BTHOEAPISIAAVEAREFARE A ROT ) ¢ BFORETH o A
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400+
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c
S £ 200
- (O
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L% 1004 T
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== o . . .
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Figure 3. The transformation efficiency of restriction enzymes Kpnl and Xbal under different
electric fields on NTU 568.
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KFry it % g Kpnl ¥ %7 48 pHRL B33 e 2 Fadc® - 74 DNA %
B SR iffed AFFHEI T O THARAFER L RL THEE
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2.55 BHEA B /ug DNA) » e e P m Ag ¥ £ B 5 % B 448 400 uL 7 7 & 3 # 4]
(5.00 £532 B3 4k/ug DNA) » e L AR X L8 ;flw 4 ug pHRL DNA i 48
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