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NGHIEN CUU QUY TRINH CHUYEN GEN
VAO NAM Monascus purpureus
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TOM TAT
Monascus purpureus la loai nim sgi tao ra nhiéu san phdm gia tri nhu chit mau thyc phdm va lovastatin, dugc
chét co tic dung lam gidm lugng cholesterol trong méu. Tuy nhién, M. purpureus con téng hgp citrinin, doc té tac
dong lén than va gan, cin phai loai bo khoi cac san phdm. Nham céi bién di truyén ndm M. purpureus, plasmid dugc
bién nap vao té bao trin va sau d6 dugc loai bo khoi té bao ndm. Trong nghién ctiu nay, quy trinh tao té bao tran va
chuyén gen vao ndim M. purpureus da dugc t6i uu hoa va dat hiéu qua bién nap cao, gen trén plasmid dugc phién ma
va plasmid bi dao thai khoi t€ bao ndm sau bon thé hé cdy chuyén.

T khoa: Bién nap, citrinin, chuyén gen, Monascus, té bao tran

I1. DAT VAN PE

Nam Monascus purpureus Went 1895 thudc ho
Monacaceae, bg Eurotiales, 16p Eurotiomyces, nganh
Ascomycota (Chen et al., 2015). Tt hang tram nam
trudc, ndim Monascus da dugc dung trong cac san
phdm truyén thong nhu gao mdc do, dau phu do,
rugudo... (Chenetal, 2015; Fenget al., 2016; Srianta
et al., 2014). Cac san phdm tii Monascus thudng giau
cac chdt trao d6i chat thi cdp nhu lovastatin, gamma-
aminobutyric acid (GABA), polysaccharide, sac t6
va enzyme nhu a-amylase, f-amylase, glucoamylase,
protease, and lipase va c6 tdc dung sinh ly t6t nhu
lam giam cholesterol, triglyceride trong mau, giam
huyét ap, giam glucose mau, chong oxi hda, chéng
ung thu (Chen and Liu, 2006; Endo, 2012; Feng et al.,
2012; Hsieh and Tai, 2003; Lee et al., 2006; Su et al.,
2003; Wang & Lin, 2007). Céc san phdm tii Monascus
dang dugc san xudt & quy mo cong nghiép (Srianta
et al., 2014). Tuy nhién, M. purpureus sinh téng hgp
citrinin gay doc t€ bao, anh hudng dén gan va than
6 nhiéu dong vat (Blanc et al, 1995a; Blanc et al.,
1995b; Flajs and Peraica, 2009; Liu et al., 2005). Do
do, bién d6i di truyén d€ nim Monascus khong sinh
tong hgp citrinin sé gitp tao ra cac san phdm an
toan. Mot s6 nhom nghién ctiu da pha hay thanh
cong gen lién quan dén sinh t6ng hgp citrinin nho
tai t6 hgp tuong dong (Li et al., 2013; Shimizu et al.,
2005; Shimizu et al., 2007). Nhung nim tao nén
mang DNA ngoai lai va 1a ndm chuyén gen, han ché
kha nang tng dung thuc té. Trong khi dé, sinh vét
bién d6i gen nhé CRISPR-Cas9 khong mang DNA
ngoai lai. Hién nay, plasmid ma héa dong thoi gRNA
va Cas9 da dugc ung dung rong rai trén nam sgi

(Nodvig et al., 2015; Schuster et al., 2016). Trong
dé, plasmid ctia Nodvid va cong tac vién mang gen
hph tao tinh khang khang sinh hygromycin cho ndim
bién nap va trinh tu AMA1 cho phép plasmid tén
tai doc lap ngoai hé gen ctia nam Aspergillus (Gems
et al., 1991; Nodvig et al., 2015). Sau khi gay bién
d6i trong hé gen nho gRNA va Cas9, plasmid ton tai
doc 1ap c6 thé dugc loai bo khai té bao, tao ra ndim
hoan toan khong chita DNA ngoai lai. Trong nghién
ctiu nay, ching toi da thiét ké lai trinh tu gRNA cta
Nodvig va cong tac vién d€ tao nén plasmid pTL04,
chuyén plasmid pTL04 vao nim bang phuong phap
bién nap té€ bao trin va theo doéi ton tai cua plasmid
trong ndm chuyén gen qua nhiéu thé hé.

I1. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciiu
Ching nam M. purpureus NBRC 32316 dugc

nhap tii NITE Biological Resource Center - NBRC,
Nhat Ban.

2.2. Phuong phap nghién ciu

2.2.1. Nuéi cdy ndm

Nam M. purpureus NBRC 32316 dugc nuoi cdy
lac trong méi truong long PDBY (bot khoai tay
24 g/1, D-glucose 20 g/, cao ndm men 2 g/1, pH 6,0)
hodc moi truong ran PDAY (bot khoai tay 24 g/l,
D-glucose 20 g/l, cao ndm men 2 g/, agarose 2%,
pH 6,0) 6 30°C.

2.2.2. Chuyén gen vao té bao trdin

Tébao tran dugc tao theo quy trinh cia Hoppenau
va cong tac vién (2014). Khoang 5 x 107 bao tti ndm

'Khoa Sinh hoc, Truong Pai hoc Khoa hoc Tu nhién, Dai hoc Qudc gia Ha Noi
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dugc nuoi lac qua dém & 30°C trong moi truong
PDBY. Bao tu phat trién thanh nhiing sgi nim nho,
soi ndm dugc thu nhén, rta trong 40 ml dém citrat
(natri citrat 50 mM, KCI 150 mM, NaCl 580 mM,
pH 5,5) va sau d6 dugc U lac trong dém citrat cé b6
sung Glucanex (Sigma-Aldrich, hon hgp cac enzyme
B-glucanase, cellulase, protease, and chitinase) dén
ndng d6 20 mg/ml trong bdn gis d€ tao té€ bao tran.
Té bao tran dugc thu nhéan va bién nap plasmid theo
phuong phép ctia Li va cong tac vién (2013) véi
mot s6 thay d6i nho. Khoang 10° t€ bao tran dugc
hoa trong 200 ul dém STC (sorbitol 1 M, Tris-HCI
50 mM, CaCl, 50 mM, pH 8,0), cung véi 50 ul
dém PTC (polyethylene glycol 4000 40%, Tris-HCI
50 mM, CaCl, 50 mM, pH 8,0) va 8 pg plasmid
pTL04 (mang gen khang khang sinh hygromycin
B). Dung dich chtia té bao tran dugc U trong nudc
da 30 phut, b sung 900 pl dém PTC va tiép tuc 4
thém 20 phut nta. Sau dé, dung dich nay dugc
chia vao nam 6ng nho véi thé tich 250, 500, 750,
1000 pl va phén con lai. Mdi 6ng dugc bd sung 5 ml
modi trudng top-agar (potato extract 4 g/, D-glucose
20 g/l, sobitol 1 M, agar 8 g/l) chtia hygromycin B
50 ug/ml da lam ngudi dén ~38°C, tron déu va do
tran trén mat dia thach PDAS (bt khoai tay 24 g/l,
D-glucose 20 g/l, sorbitol 1 M, agarose 2%) chtia
hygromycin B 100 pug/ml dé€ chon loc t&€ bao ndm c6
plamid. Té bao ndm chita plasmid c6 kha nang khang
khang sinh hygromycin B va sé moc thanh cum ndm
nho sau ba ngay. Cac té€ bao nay dugc st dung truc
tiép cho PCR véi cdp mo6i AMA1_46F va Ptef 35R
dé khéng dinh su c6 mit cta plasmid pTLO04.

2.2.3. Tich DNA tong sé

DNA tdng s6 ctia ndm M. purpureus dugc tach
theo phuong phap cua Zhang va cong tac vién
(2010). Mot lugng nho sgi ndm dugc thu vao ong
1,5 ml da c6 sdn 100 pl nude cét, tron ky bang vortex
dé rtia sgi ndm roi ly tam 13.000 vong/phut trong
mot phat. Sau do6, nudce trong 6ng dugc loai bo va
100 pl dém chiét GEZ (sodium phosphate 50mM
pH 7,4; EDTA 1 mM va glycerol 5%) dugc bé sung
vao 6ng. Mau ndm dugc 0 trong dém chiét & 85°C
trong 30 phut va c6 thé dung cho PCR hodc cit git
6 -20°C.

2.2.4. Téch va tinh sach RNA tong sé

Mot tram miligam ndm dugc cho vao oOng
eppendorf 1,5 ml va nghién nho trong mot mililit
TRIsure (Bioline). Dich nghién dugc ly tam 12000 g,
10 phat, 4°C sau do dich néi dugc chuyén sang dng
eppendorf méi va u & nhiét do phong 5 phut. Sau do,
200 pl chloroform dugc b6 sung vao 6ng va tron déu,
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nhe nhang trong 15 gidy. Hon hop tiép tuc dugc
3 phat & nhiét d6 phong sau do ly tam & 12000 g,
15 phut, 4°C. Dung dich trong 6ng dugc phan tach
ra thanh cac pha phan biét: pha xanh, pha nuéc va
pha trung gian. Pha nuéc dugc thu cén than sang
Ong mdi, khong 1an véi cac pha khac. RNA dugc két
taa v6i 500 ul 2-propanol lanh, G trong 10 phut &
nhiét d6 phong, sau do ly tam & 12000 g, 10 phut,
4°C. Két tia RNA & day 6ng dugc giti lai sau khi loai
bo dich ndi, dugc riia bang 1000 ul ethanol 75%,
ly tam, loai bo ethanol, phoi kho trong ta an toan
sinh hoc. RNA tdng s6 dugc hoa tan trong 30 ul
nudc khong chiia RNase, dugc dién di kiém tra trén
gel agarose 1% va bao quan & -80°C.

Dé loai bd DNA nhiém, RNA tong s6 dugc xu
li v6i enzyme DNase I (Thermo Scientific) & 37°C
trong 30 phat. Sau d6 EDTA 50 mM dugc bé sung
vao dung dich va 1 ¢ 65°C trong 10 phut dé bat hoat
DNase I. Cac mau RNA t6ng s6 sau khi xu li véi
DNase I sé dugc tinh sach bing kit Qiagen RNeasy
Mini (QIAGEN). RNA t6ng s6 dugc bd sung thém
nudc khong chita RNase dén 100 pl va thém 350 ul
dém RLT, tron déu béing pipet. Tiép tuc thém
250 pl ethanol 100% vao 6ng va tron déu hon hgp
bang pipet. By tram microlit hdn hgp dugc chuyén
vao cdt RNeasy long trong 6ng thu dich, ly tam
8000 g, 15 giay va loai bo dung dich chay qua cot.
Cot RNeasy dugc ria hai lan bang 500 pl dém RPE,
ly tdm loai bd dich rtia. Sau dé, cdt RNeasy dugc
chuyén vao 6ng thu mdi, ly tam trong 2 phut dé loai
bo hoan toan dich thtia. Cot RNeasy dugc chuyén
sang Ong eppendorf 1,5 ml méi, 30 ul nudc khong
chtia RNase dugc nho vao gitia cot, ly tam 10000 g,
2 phut, 25°C dé thu RNA. RNA tong s6 da tinh sach
dugc dién di kiém tra trén gel agarose 1% va dugc
bao quan & -80°C.
2.2.5. Tong hgp cDNA baing phdn ing phién ma ngugc

DNA bé sung véi RNA (cDNA) dugc tdng hop
tit RNA da tinh sach nhd enzyme phién ma ngugc
M-MLV (Enzynomics). Pau tién, 5,3 ul RNA tong
sO (1 pg) dugc tron véi 0,3 pl moi hexamer, 0,4 pl
dNTP 10 mM va 6,5 pl nudc rdéi u & 65°C trong
5 phut, sau d6 u trong nudc da 5 phut. Tiép do,
2 pl dém enzyme phién ma ngugc M-MLV 10x va
0,5 pl chat tic ché RNase dugc b sung vao hon hop.
O 6ng +RT (c6 xdy ra phan ting phién mi ngugc),
4 ul nuée va 1 pl enzyme phién ma ngugc M-MLV
dugc b6 sung vao phan ting. Con & 6ng -RT (khong
xdy ra phan ting phién ma ngugc), 5 ul nude duge bo
sung vao phan tng. Phan ting phién ma ngudgc dugc
thuc hién theo quy trinh nhiét 25°C trong 10 phut,
37°C trong 60 phut va 95°C trong 5 phtt.
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2.2.6. Nhan bdan DNA/cDNA bang PCR

DNA dich dugc nhidn ban bing PCR véi
GoTaq®” Green Master Mix (Promega) véi chu trinh
nhiét: 95°C trong nam phut; 30 chu ki (95°C trong
10 giay, 55°C trong 10 gidy, 72°C trong 50 gidy) va
72°C trong bay phut. D€ kiém tra sy c6 mdt cua
plasmid pTLO04 trong t€ bao ndm da bién nap, cum
ndm non dugc dung cho PCR nhan ban mét doan
trinh ty trén plasmid v&i cdp moi AMAI1_46F
CGTATGGCAGAGCTCCAGTC va Ptef 35R
TTCGAGAGCATGATCAGCAC (san phdm PCR
1099bp). békiém trabiéuhién gen, cdp mdiSpy.cas9+
964F TCAAGCGGTATGATGAGCAC va Spy.cas9 +
1407R CACGGAGTGATGGTTTCCTC dugc diing
dé nhan ban cDNA ctia gen cas9 trén plasmid pTL04
(san phdm PCR 463 bp) va cap mbi Mpu.pksCT+161F
ACAACTTTGCCGCCAGTGAC va  Mpu.
pksCT+873R  GCAAGTCTGGATCAAGTCCAC
(san phdm PCR 734 bp) dugc dung d€ nhan
ban ¢cDNA cua gen pksCT trong hé gen nidm
M. purpureus. D& kiém tra thsi gian ton tai cla
plasmid trong té bao ndm, cap mai Spy.cas9-72F
ACTTCTCTGCTCAGCACCTC va Spy.cas9 +
437R GTCGCAAATCAGCCTTGTCC dugc dung
dé nhin ban gen cas9 trén plasmid pTL04 (san
phdm PCR 549 bp) va cap mo6i Mpu.pksCT + 161F
ACAACTTTGCCGCCAGTGAC va Mpu.pksCT +
516R TCCAACCAACATCGCCAGTC nhén ban
gen pksCT trong hé gen ctia ndm (san phdm PCR
356 bp). San phdm PCR dugc dién di kiém tra trén
gel agarose 1%.

III. KET QUA VA THAO LUAN
3.1. Chuyén gen vao M. purpureus qua té bao tran
Ban dau, chung t6i d4p dung quy trinh cta
Hoppenau va cong tac vién (2014) da tdi uu cho
ndm Aspergillus trong phong Genomic, Phong thi
nghiém trong diém Cong nghé enzyme va protein
dé bién nap vector pTL04 mang gen khiang khang
sinh hygromycin B va gen ma hoéa enzyme Cas9 vao
ndm M. purpureus. Bao tt ndm dugc nudi lac qua
dém & 30°C, sgi ndm dugc thu nhan va xt ly trong
Glucanex dé€ phd thanh t€ bao. Qua trinh hinh thanh
t€ bao tran dugc theo doi lién tuc dudi kinh hién vi
v6i véat kinh 10x, 20x va 40x (Hinh 1). Sau hai gio,
chi it té bao tran (t€ bao tron trong Hinh 1) quan sat
thay & gan sgi ndm. SO lugng té bao tran tang nhiéu
sau ba gi¢ va bon gio. Sau nam gid xu ly s6 lugng té
bao tran khong ting thém nhiéu va t€ bao bat dau
bi bién dang do d6 chung téi thu té€ bao tran sau
bon gio.

Hinh 1. S6 lugng t€ bao tran ting theo thoi gian

T€ bao tran dugc bién nap plasmid theo phuong
phap ctia Hoppenau va cong tac vién (2014) nhung
két qua khong tot. Chung t6i tht nghiém theo
phuong phap ctia Li va cdng tac vién (2013) dé bién
nap plasmid vao t€ bao M. purpureus tran va thu
dugc két qua tot. Co rat nhiéu cum ndm moc trén
dia PDAS b6 sung hygromycin B 100 pug/ml sau bén
ngay (Hinh 2B). Khong ¢ cum ndm nao moc 6 mau
bién nap khong c6 plasmid (Hinh 2A). Nhom nghién
ctu ctia Li va cong tac vién nuoi bao tti ndm & 30°C
trong 35 gi¢ d€ thu sgi ndm. Chung t6i thtt nghiém
va thdy rang s6 lugng t€ bao tran thu dugc tu sgi
nam nudi 35 gio it hon va dugc tao thanh cham hon
s0 v6i sgi ndm nudi qua dém (16 h), do d6 chung to6i
phoi hop phuong phap ctia Hoppenau va cong tac
vién (2014) va ctia Li va cong tac vién (2013) dé tao
té€ bao tran va chuyén gen vao té€ bao tran.

A

Hinh 2. Két qua bién nap plasmid vao té bao tran

Ghi chii: A. khong plasmid, B. té bao bién nap plasmid
cdy trdi trén dia PDAS bé sung hygromycin B 100 pg/ml.
PE ddm bao chic chin té bao nim da nhan duoc
plasmid pTLO04, 05 cum ndm dugc lua chon ngau
nhién cho PCR v6i cip moi AMA1_46F/Ptef _35R
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dé€ nhan ban mot doan DNA trén plasmid pTLO04.
Két qua PCR cho thdy c6 bon trong nam cum ndm
cho san phdm PCR d4m nét, mau con lai c6 bang
DNA mg, trong khi mau d6i chiing am (H,0) khong
c6 bang va doi ching duong (plasmid pTL04) co
bang cung kich thuéc (Hinh 3). Nhu vay, plasmid
da dugc bién nap thanh cong vao ndm M. purpureus.

Nim ! Nim2 Nam3 Nim4 Nam35 Mlkb H,0 pTLO4

1099 bp

Hinh 3. Plasmid da dugc bién nap
vao té bao ndm M. purpureus

Chung tdi uéc tinh hiéu qua bién nap ~ 400 té
bao bién nap/1 pg plamid, cao hon so véi két qua
ctia Shimizu va cong tac vién (2006) la 17 té€ bao
bién nap/1 pg plamid doéi véi chiing M. purpureus
IFO30873 va nam trong khoang hiéu qua cta
Campoy va cong tac vién (2003) véi 870 té€ bao bién
nap/1 pg plamid déi véi chung M. purpureus NRRL
1596 va 43 t€ bao bién nap/1 pg plamid d6i v6i chling
M. purpureus IBCCIL.

3.2. Phién ma ctia gen trén plasmid bién nap

RNA dugc tach chiét tii ndim M. purpureus bién
nap (BN) va khong bién nap (koBN) va xt ly véi
DNase I réi tinh sach (Hinh 4). DNase I da loai bo
dugc vét DNA nhiém & mau bién nap. RNA tong s6
sau tinh sach c6 hai bdng sang tuong ting v6i rRNA
28S varRNA 18§, chiing td RNA it bi phan huy va c6
thé dung dé tong hop cDNA.

+DNase
-DNase +DNase  Tinh sach
koBN BN koBN BN koBN BN

Hinh 4. RNA t6ng s6 tui té bao ndim
M. purpureus bién nap

Ghi chii: RNA dugc tdach tii ndm khong bién nap
(koBN), ndm bién nap plasmid pTL04 (BN) trudc khi xii
li DNase I (-DNase) hodc sau khi xi1t i DNase I (+DNase).
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Dbé kiém tra chat lugng cDNA, gen pksCT (nam
trén nhiém sic thé ctia ndm M. purpureus) dugc
nhan ban tit cDNA. Két qua PCR (Hinh 5) cho thay
mau khong bé sung khuon (H,0) va cac mau -RT
(khong bé sung enzyme phién ma ngugc trong phan
ung tong hgp cDNA) khong c6 san phdm nhén ban,
chiing t6 mau RNA tinh sach va khong bi nhiém
DNA hé gen. Hai mau +RT cua ndm bién nap va
khong bién nap déu c6 bang DNA véi kich thudc
mong doi, giéng véi bang tii mau doi ching duong
(gDNA, DNA t6ng s6 ti ndm khong bién nap),
chting t6 gen pksCT dugc biéu hién & ca ndm bién
nap va khong bién nap. Phan ting nhén ban gen cas9
(trén plasmid pTL04) ciing khong bi nhiém DNA
hé gen va cho san phdm ddc hiéu & mau ndm bién
nap, giong véi doi ching duong (plasmid pTL04),
chiing t6 gen cas9 trén plasmid pTL04 dugc phién
ma trong té bao ndm bién nap (Hinh 5). Nhu vay,
gen trén plasmid bién nap dugc bi€u hién trong té
bao ndm M. purpureus.

koBN BN
-RT  +RT

gDNA H,0 +RT -RT 1Kb

pksCT

712 bp

cas9 [N

443 bp [

Hinh 5. RNA t6ng s8 tii té bao ndim
M. purpureus bién nap

Ghi chii: RNA tif ndm khong bién nap (koBN), ndm
bién nap plasmid pTL04 (BN) dugc diung dé tong hop
cDNA trong phdn ting c6 enzyme phién ma ngugc (+RT)
va phdn ving khong co enzyme phién ma ngugc (-RT);
cDNA dugc dimg dé nhan ban pksCT (d6i chiing duong
la DNA tong s6, gDNA) va cas9 (d6i chiing duong plasmid
la plasmid pTLO4).

3.3. Plasmid bi loai bé khoi t€ bao nim sau bon
thé hé

Nham tang kha ning ting dung ctia ndm cai bién
di truyén, plasmid can phai bi loai bé khdi té bao
ndm bién nap d€ tranh hinh thanh ndm chuyén
gen. Plasmid pTL04 mang trinh tu AMA1 cho phép
plasmid ton tai doc 1ap ngoai hé gen va mat di sau
mot vai thé hé & nam Aspergillus (Gems et al., 1991;
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Nodvig et al., 2015). Nam M. purpureus bién nap
dugc cdy chuyén (cc) mot vai thé hé trén méi trudng
khong c6 hygromycin B. DNA t6ng s6 dugc tach ti
sgi ndm sau moi lan cdy chuyén va PCR kiém tra su
c6 mat gen cas9 nam trén plasmid pTL04. Két qua
PCR (Hinh 6) cho thiy gen pksCT nam trén nhiém
sic thé ctia ndm dugc nhan ban tU tit cd cic mau

Spy.cas9-72F/Spy.cas9+437R

ndm, ching td DNA c6 chat lugng dam bao cho
PCR. Két qua nhan ban gen cas9 cho thiy plasmid
pTLO04 bi mét khdi cum ndm s6 2 va 5 sau bon thé hé
cdy chuyén, mat khoi cum nédm s6 3, 7 va 8 sau nam
thé hé va mit khoi cum ndm sé 1, 4, 6, 9 va 10 sau
sau thé hé. Nhu vay, plasmid pTL04 bi loai boé khoi
té€ bao ndm M. purpureus bién nap.

100 Mpu.pksCT+161F/Mpu.pksCT+516R

p - 1

ccd

ccS

cch

234567 809 l0bpg - 1

23 45 6 7 8 910
549 bp

356 bp

Hinh 6. Plasmid bi loai khoi t€ bao ndm M. purpureus bién nap sau bon thé hé cdy chuyén

Ghi chii: Plasmid pTL04 (p), nudc (-), DNA tdng s6 ciia ndm khong bién nap (g) va DNA téng s6 ciia cdc cum
ndm bién nap 1 - 10 sau 6 ldn cdy chuyén (cc1-6) dugc ding lam khuén cho PCR véi hai cdp moi Spy.cas9-72F/Spy.

cas9+437R va Mpu.pksCT+161F/Mpu.pksCT+516R.

IV. KET LUAN

Quy trinh chuyén gen vao ndm M. purpureus da
dugc thiét 1ap véi hiéu qua cao, gen trén plasmid
dugc phién ma trong t€ bao ndm va plasmid bi dao
thai khoi té bao bién nap sau bon thé hé. Pay la co s
quan trong cho chuyén gen nhim cai bién di truyén
nam M. purpureus.
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Establishing a procedure for Monascus purpureus transformation

Abstract

Tran Thao Nguyen, Pham Thi Thuy Dung, Nguyen Thi Thin,

Nguyen Thi Khuyen, Tran Thi Thuy Anh, Hoang Hai Yen,
Nguyen Thi Hong Van, Pham Thi Luong Hang,
To Thanh Thuy, Tran Van Tuan, Tran Duc Long

Monascus purpureus is a filamentous fungus producing several valuable metabolites including food colorants and
lovastatin, an important medicine to lower blood cholesterol. However, M. purpureus also synthesizes citrinin, a
mycotoxin affecting kidney and liver functions. In order to disrupt genes involving in citrinin biosynthesis without
leaving exogenous genetic material in M. purpureus, a plasmid was transformed into and later removed from
M. purpureus cells. In this study, a procedure for M. purpureus protoplast preparation and plasmid transformation
was optimized. Gene on the transformed plasmid was expressed and the plasmid was lost after four generations.
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