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Construction of an integration vector carrying hygromycin B
resistance gene and its genetic transformation
in Rhizopus oryzae

Min Zhang, Shaotong Jiang, Juan Zheng, Zhi Zheng, Xingjiang Li, Lijun Pan,
and Shuizhong Luo

School of Biotechnology and Food Engineering, Hefei University of Technology, Hefei 230009, Anhui, China

Abstract:  To construct a system of genetic transformation suitable for Rhizopus oryzae, we constructed a
single-exchange vector pBS-hygro carrying hygromycin B resistance gene (hph) as its selective marker using gene splicing
by overlap extension PCR (SOE PCR) technique. We introduced this recombinant vector into Rhizopus oryzae AS 3.819 by
PEG/CaCl,-mediated transformation of protoplast, electroporation of protoplast and germinated spores; and we studied the
effects of hydrolysis time, field strength and spore germination time on transformation frequency. We conducted
quantitative real-time PCR (qPCR) assay to determine the gene copy number of IdhA integrated in the genome of R. oryzae
transformants and its effect on the stability of transformants. We successfully achieved R. oryzae transformants integrated
with pBS-hygro-ldhA vector. The optimal hydrolysis time for protoplast production was 140 min, and the optimal field
strength of electroporation pulse for protoplast was 13 kV/cm. The optimal germination time of spores for electroporation
was 2.5 h, and the optimal field strength of electroporation pulse was 14 kV/cm. The transformation frequency of method
based on germinated spores was generally higher than the methods based on protoplast. The qPCR test results suggested
that transformants with high copy number of integration in a certain range were relatively stable. Our results provided basis
and support for metabolic regulation and genetic engineering breeding of R. oryzae.

Keywords: Rhizopus oryzae, integration vector, protoplast, germinated spore, homologous recombination, gene splicing by

overlap extension PCR, electroporation

Rhizopus oryzae crassa Aspergillus nidulans
L-
[1-3]
[4] [5-10]
Neurospora
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B
Triton X-100
PCR (11-13] ( PCR gene splicing by
overlap extension PCR SOE PCR)
pBS-hygro
A IdhA

PpdcA-ldhA-TpdcA
pBS-hygro-ldhA PEG/CacCl,

1 MREFE

11w
1.1.1
Rhizopus oryzae AS 3.819

(CICC No.
40313) Escherichia coli JM 109
1.1.2

(g/L) KH,PO4 0.15

MgSO4-7H,0 0.25 NaH,PO,40.134 ZnSO,4-7H,0

0.01 120 (NH4),S04 6
1:1:1 (pH 5.8
50 mmol/L) 0.6 mol/L

1.5 g/L 0.22 pm
YED (g/L) 10
20 20 mmol/L HEPES (pH 7.5)
YED YED
0.6 mol/L
PDA 200 g
1 000 mL 0.5h 20g
1 000 mL
PDA PDA
20 g/L  Triton X-100  0.05% (V/V)
PDA
0.6 mol/L
PDA
0.6 mol/L
PDA
B 120 ug/mL
B 120 pg/mL
1.1.3
pBC-hygro pBluescript SK+
Biovector
(Science Lab Inc) pEASY-TI
(TransGen
Biotech) 1
1.1.4
rTaqg DNA Pfu DNA DNA
Sph1 Xbal Smal T4DNA
DNA marker IPTG X-gal SYBR
Premix Ex Taqll PCR TaKaRa
(Hygromycin B) Roche
(Ampicillin) Amresco
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*1 AWMRETARK
Table 1 Plasmids used in this study

Plasmid name Size (bp) Markers Description

pBC-hygro 6 800 Chl, Hyg  Expression vector with hygromycin B resistance (for fungi) gene (hph)

pBluescript SK+ 2 958 Amp Synthetic cloning vector

pEASY-T1 3928 Amp, Km pUCI18 derived synthetic cloning vector used in TA cloning with
kanamycin resistance

pBS-hygro 5682 Amp, Hyg pBluescript SK+ derivative with hygromycin B resistance (for fungi)

gene (hph) that is under the control of the Rhizopus oryzae amyA
promoter and the Rhizopus oryzae pdcA terminator

pBS-hygro-ldhA 8 530

Amp, Hyg pBS-hygro plasmid integrated with IdhA fused expression cassette

PCR
Axygen
pEASY-T1
1.15
TC-96 PCR  ( )
Universal Hood II (Bio-Rad)
(Zeiss)  Multiporator
(Eppendorf) Himac CR22G II
(Hitachi) BIO-RAD PCR iQ5
(Bio-Rad)
1.1.6

(http://www.

broadinstitute.org/annotation/genome/rhizopus_or
yzae/MultiHome.html)

NCBI

1.2 A%
121 PamyA-hph-TpdcA
PpdcA-IdhA-TpdcA

1x10°  /mL 5% (V/V)
32°C 12h
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DNA
[14]
2 DNA
PCR
[14]
2
DNA pBC-hygro Pfu
DNA
PamyA hph TpdcA PpdcA IdhA

PamyA-hph-TpdcA
[13] 3

PamyA hph TpdcA ( 1ub)

Pfu DNA 25uL  PCR
94 C 3min 94 C
30s 46.5°C45s 72°C 6min 10 72 C
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%2 PCR FTHASIYRERFTI
Table 2 Primers used for PCR process and their sequences

Primer name Fragments

Primer sequence (5'—3")

amyA prom F amyA promoter fragment
amyA prom R
pdcA prom_F pdcA promoter fragment
pdcA prom_ R

pdcAterm h F
pdcAterm | F

pdcA terminator fragment to be fused to hph
and IdhA gene

pdcA term _R

1dhA_F IdhA gene ORF fragment for fusion PCR
1dhA_R

hph_F hph gene ORF fragment for fusion PCR

hph R

1dhA_fu F PpdcA-ldhA-TpdcA expression cassette with
ldhA_fu R Sma [ restriction site

hph fu F PamyA-hph-TpdcA expression cassette with
hph_fu R Xba [ restriction site

hph F Verification of hph gene integration

hph R

IdhA_qPCR F  gPCR assay for IdhA gene

1dhA_gPCR R

amyA qPCR_F gPCR assay for amyA gene as internal control

amyA qPCR R

ATTCCATGTCCACTTC
GAGTTCAGGCTTTTTCATGCTAGAGAAAGA
GCTAAAGTTTATCAGCTTCAA
TTTGAGTGTAATACCATGCTTTTAAATTT
CCGAGGGCAAAGGAATAATTAAAATCTTAG
CTAAAAGTAGCTGTTGATAATTAAAATCTTAG
ACTCTACCGTCTGCTCTTTTG
AAATTTAAAAGCATGGTATTACACTCAAA
CTAAGATTTTAATTATCAACAGCTACTTTTAG
TCTTTCTCTAGCATGAAAAAGCCTGAACT
CTAAGATTTTAATTATTCCTTTGCCCTCGG
tcccecgggGCTAAAGTTTATCAGCTTCAA
tcceecgggACTCTACCGTCTGCTCTTTTG
gctctagaATTCCATGTCCACTTC
gctctagaACTCTACCGTCTGCTCTTTTG
ATGAAAAAGCCTGAACTCACCGCGACGT
CTATTCCTTTGCCCTCGGACGAGTGCTG
GCCTCCAAACCAGGTCATT
GAAGCAGCCTCCCAAGC
CATTGCTGCTTCTTTCTCTGG
GGGCTTGGATGTAGATACTTGG

F and R in the primer names refer to upstream primer and downstream primer respectively; bases of restriction sites and

protection bases are shown in lowercase letters; Sma I and Xba I restriction sites are underlined.

7 min hph fu F

hph fu R 1.5 uL Pfu DNA (4]

50uL  PCR 1.2.3
94°C3min 94 °C 30s 1)

445°C45s 72°C3min 30 72 °C 7 min 0.6 mol/L

PpdcA-ldhA-TpdcA [15]

43 °C
48 C 1dhA fu F 1.2.4 PEG/CaCl,
lIdhA fu R 0.6 mol/L Tris-HCI
1.2.2 pBS-hygro-ldhA (pH7.5 10 mmol/L) 500 r/min 10 min
pBS-hygro-ldhA 2
1 PamyA-hph-TpdcA

PpdcA-ldhA-TpdcA pBluescript 1107 /mL 5 pg (<10 uL) Sph I
SK+ Xba I Sma I 100 pL

cjb@im.ac.cn
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F1 ori

pBC-hygro
6800bp lacz

colEl F1 ori

Genomic DNA from R. oryzae

a1 ¥ TR} PR

CGND GENND T
pdcAprom ldhA pdcAterm

\Fusion PCR /

Genomic DNA from R. oryzae

i per | eer |

—— a—— —
amyAprom pdcAterm

\ Fusion PCR /
G

bla

pBluescript SK+ /
2961 bp

acZ

Fused hph 2 724 bp Xba 1 fused /dh 2 848 bp
Sma |

Xba 1

Fl ori
lacZ

bla

colEl
pBS-hygro-/dhA
8533bp /h

ldhA
Xba |

" Smal
1 FiE#HK pBS-hygro-ldhA #MERE
Fig. 1 Schematic construction process of expression vector pBS-hygro-ldhA.
25 uL 25% (W/V) PEG 6 000 2 mmol/L HEPES (pH 7.5) 1 mmol/L LiAc
50 mmol/L CaCl,  Tris-HCI (pH 7.5 10 mmol/L) 0.6 mol/L 2
20 min 1 mL
Tris-HCI 25°C 10 min 1x10"  /mL
5 mL 80 r/min 5pug (=10 pl) Sph 1
5h 150 pL 60 uL
20 min 0.1 cm
125 12 kV/ecm 5 ms
0.6 mol/L 5mL
0.6 mol/L 5 mmol/L LiAc 10 mmol/L 80 r/min 5h
DTT 1 h 150 uL

http://journals.im.ac.cn/cjben
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1.2.6
(el 32 C 4-6 d
1x107  /mL
32 °C 200 r/min 3h
0.6 mol/L 2
4 000 r/min 10 min 270 mmol/L hph_F
5 mmol/L LiAc 10 mmol/L DTT hph R PCR
1h 2 mmol/L HEPES ug
(pH 7.5) 1 mmol/L LiAc 270 mmol/L DNA PCR
2 4 000 r/min 10 min
1.2.8
124 125
1x10"  /mL 1.2.5 10 uL 990 pL
15 kV/ecm 0.6 mol/L
1.2.7 100 pL PDA
32°C 12h
1
AR (%) = Eiﬁflﬁﬁiflﬁj—%ﬁ’%ﬁéﬁﬁ%%%ﬁ— PDA1ZL<%§’%%$1‘&LE‘J?§§& <100 (1)
MR Jo BERT VT4 100 L B it r Js AR A
1.2.9 PCR gqPCR
IdhA I[dhA  gqPCR
AS 3.819 IdhA
PCR (qPCR) IdhA  qPCR 95 °C 30s
DNA 1.2.1 (95 C 10s 60 C 50) 45 amyA qPCR
95°C30s (95C 10s 60 C 505)
DNA gqPCR ldhA_qPCR_F 45 Cr IdhA
1dhA_gqPCR R gqPCR amyA Cr ACr IdhA
AS 3.819 amyA 24
A (Glucoamylase A amyA) 246
(Internal control) amyA qPCR F AS 3.819 IdhA
amyA qPCR R amyA

cjb@im.ac.cn
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2 BRE M M 109
IdhA  hph PCR Xba I

2.1 E4HEE PamyA-hph-TpdcA X PpdcA- Sma I

- b L Rk
IdhA-TpdcA BY& B MI3
1.5 PamyA hph
TpdcA PpdcA IdhA
Xba I Sma |
899 1026 805 1083 966 bp pBS-hygro-IdhA
2
PCR

PpdcA-ldhA-TpdcA  PamyA-hph-TpdcA
PamyA-hph-TpdcA  PpdcA-ldhA-TpdcA

2724bp 2848 bp

3
23 ZENFRZE IdhA EEELHKIRSH
MIE
DNA
PCR pBS-hygro-ldhA
3  DNA B
3
2.2 TR pBS-hygro-ldhA ByHIE DNA hph F
1.2.2 hph R PCR
A 1 2 3 B 12345678 C
— 1000 bp
1000 bp 1 000 bp 1000 bp

2 IdhA. hph. PpdcA. PamyA L% TpdcA HFERRIY 184 R

Fig. 2 Amplification of IdhA, hph, PpdcA, PamyA and TpdcA fragments. (A) 1-2: PCR products of IdhA fragment;
3: DNA marker. (B) 1, 3, 8: DNA marker; 2: PCR product of hph fragment; 4—5: PCR products of PpdcA fragment;
6—7: PCR products of PamyA fragment. (C) 1, 3: PCR products of TpdcA fragment; 4: DNA marker.
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1 100 min
160 min
80 min 140 min 120-140 min
140 min
160 min
PEG/CacCl,

120 min 140 min

3 K& PamyA-hph-TpdcA 5 PpdcA-IdhA-TpdcA
BB & PCR =)

Fig. 3 SOE-PCR products of PamyA-hph-TpdcA and
PpdcA-ldhA-TpdcA fragments. 1, 4: DNA marker;
2: SOE-PCR products of PamyA-hph-TpdcA fragment;
3: SOE-PCR products of PpdcA-ldhA-TpdcA fragment.

DNA

hph 1 kb 140 min
(4 2.4.2

2 h

PCR

20%—-30%

24 FREBMFEULFHHR
24.1

1000 bp

> 100-140 min 4 PCREEHLT KRBEREMA DNA
PEG/CaCl, Fig. 4 PCR verification of R. oryzae transformants’
genomic DNA. 1: DNA marker; 2: blank control; 3:
. pBS-hygro-ldhA positive control; 4: wild-type R.
( 120 min 10.2%  8.7% oryzae control; 5—7: three R. oryzae transformants with
) 100 min hygromycin B resistance.
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Fig. 5 Effect of hydrolysis time on regeneration rate and transformation frequency of protoplasts. (A) Regeneration
rate and transformation frequency under different hydrolysis time using PEG/CaCl,-mediated method. (B)
Regeneration rate and transformation frequency under different hydrolysis time using electroporation method.

—— Regeneration rate

| —— Transformation frequency 14 Iﬁ_f

13 kV/em 10 | =
3 Z

14 kV/cm S 8r a

g | E

14 kV/ecm £ 6k 12 5

N a

2 .

g 4t 2

) =

o 2F o

[ 10 §

13 kV/ecm 0 I £
B o

[

3.2 /ug DNA : : ' ! @

He 10 12 14 16 18 8

13 kV/ecm Pulse field strength (kV/cm) &=

6 FMIABEXFRERKBERRELRNEME
Fig. 6 Effect of field strength on regeneration rate
13 kV/ecm and transformation frequency of protoplasts.
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25 MBAMTHRELCEHEHRR

25.1
15 kV/ecm
7A 1h DNA
25h 2.5.2
102 /ug DNA 3 h
45h
7B
DNA 14 kV/em
8.8 /ug DNA
A&-.
2 12p 2.6 h0 Triton X-100 % Bt & BB B $0 X 0 1%k
3 10 + N o
%; ol MERBIF M
28 6f 20 50 80 100 120 150 180
o0
£ 00 200 250 pg/mL B
Eoob T 0.5 g/L 0.05% (V/V)
05 1.0 1.5 2.0 25 3.0 35 40 45 5.0 ;
Germination time (h) Triton X-100
B, 5h 32 C
& 10¢ Triton X-100
2 8}
Ex 4l B
gz
552 4l Triton X-100
s =
S 2 B
2 i
= 0 : ; 200 pg/mL 200 pg/mL

10 11 12 13 14 15 16 17 18 19

Pulse field strength (kV/cm) 4d
0.05%  Triton X-100
7 HA%ES(E)F0RRIH5EE X A 18 TR LR T
. L B 120 pg/mL
Fig. 7 Effect of germination time and field strength
on transformation frequency of germinated spores. (A) B 05 gL
Transformation frequency under different germination 50 pg/mL
time using electroporation method. (B) Transformation B

frequency under different field strength using
electroporation method.
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Triton X-100

DMSO

[17-18]

X-100

0.05%
0.5 g/L
Triton X
Triton

27 AEEFHUFHEREUIRRELTFIREN

13 kV/ecm

8A

ung DNA
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140 min

14 kV/cm

25h

Ay
S 12|
2210F
= 6r
28 4f
o &b
e 3 2+
S o
i PEG Ele-proto Elc-spore
Methods
B
= —PEG
S 40 == Eleproto
z  35f mmm | espore
8 2307
o g 25
c 520}
f‘é 15|
10 |
Z s
0
1 2 3 4 5 6 7 8 9 10
Generation
B8 =M LAEREAMERBLFIREN
Fig. 8 Transformation frequency of the three
transformation methods and stability of the

transformants. (A) Transformation frequency using
PEG/CaCl,-mediated method (PEG), electroporation
method with protoplast (Eleproto) and electroporation
(Elespore). (B)
Stability of the transformants achieved by using
PEG/CaCl,-mediated method (PEG), electroporation
method with protoplast (Eleproto) and electroporation

method with germinated spores

method with germinated spores (Elespore).

PEG/CaCl,
2.4.1
PEG/CacCl,
DNA

40
B PDA

PDA 10
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40%—-50%

10 22-28
B B
2-5 2.3
pBS-hygro-ldhA
AS 3.819

2.8 HALFREMSRRAERYMXER

qPCR

#1-10
stable #1-20
30

hph

#1-10

2.7

10 unstable
20
qPCR 3

unstable
stable #1-20
stable #1-20

3 itk

pyrF

DNA

AS 3.819
(200 pg/mL)

Geneticin)

[19-20]

pyrG

[6,8,10]

G418 (
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*3 KIRBEHFEUTEREBSHENK
Table 3 Gene copy number from R. oryzae transformants

Strains Cr (IdhA) (X £s) Cr (amyA) ( X £3) ACt e Copy number
WT R. oryzae control 21.18+0.06 23.32%0.16 2.14 4.41 1
unstable #1 19.26+0.07 22.94+0.05 3.68 12.82 3
unstable #2 18.99+0.09 22.26+0.17 3.27 9.65 2
unstable #3 19.22+0.07 23.88+0.18 4.66 25.28 6
unstable #4 16.90+0.11 24.72+0.08 7.82 225.97 51
unstable #5 18.32+0.06 23.83+0.14 5.51 45.57 10
unstable #6 20.00+0.12 22.56+0.04 2.56 5.90 1
unstable #7 21.05+0.21 23.88+0.12 2.83 7.11 2
unstable #8 18.08+0.14 25.63+£0.16 7.55 187.40 42
unstable #9 16.66+0.04 22.79+0.18 6.13 70.03 16
unstable #10 18.22+0.11 22.44+0.14 4.22 18.64 4
stable #1 18.26+0.07 24.18+0.13 5.92 60.55 14
stable #2 19.57+0.16 26.22+0.11 6.65 100.43 23
stable #3 16.46+0.18 23.69+0.07 7.23 150.12 34
stable #4 17.85+0.19 21.98+0.06 4.13 17.51 4
stable #5 18.24+0.16 24.66%0.15 6.42 85.63 19
stable #6 16.39+0.09 24.12+0.13 7.73 212.31 48
stable #7 17.84+0.09 24.334+0.12 6.49 89.88 20
stable #8 20.57+0.06 25.33+0.19 4.76 27.10 6
stable #9 17.90+0.13 24.78+0.07 6.88 117.78 27
stable #10 18.90+0.16 25.13+0.25 6.23 75.06 17
stable #11 18.41+0.21 24.38+0.19 5.97 62.68 14
stable #12 18.75+0.24 25.3840.17 6.63 99.04 22
stable #13 17.67+0.11 23.62+0.21 5.95 61.82 14
stable #14 20.63+0.24 24.99+0.06 4.36 20.53 5
stable #15 18.31+£0.17 26.13+£0.22 7.82 225.97 51
stable #16 17.91£0.05 24.52+0.14 6.61 97.68 22
stable #17 18.97+0.11 25.2340.25 6.26 76.74 17
stable #18 18.97+0.14 23.62+0.11 4.65 25.11 6
stable #19 17.94+0.21 24.23+0.07 6.29 78.25 18
stable #20 18.81+£0.15 23.23+0.16 4.42 21.41 5

Cr results are presented as average values of 3 parallel experiments.

(>500 pg/mL) G418
250 pg/mL G418
AS 3.819
G418
AS 3.819

http://journals.im.ac.cn/cjben
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PEG
LiAc
B
pBS-hygro-ldhA IdhA
AS 3.819

DNA
AS 3.819
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