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Nitrogen ion implantation mediated Ephedra genomic DNA transformation into yeasts
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Abstract; Objective To investigate Ephedra genomic DNA transformation into yeasts by nitrogen
ion implantation with the sole object of ephedrine products. Methods The genomic DNA from Ephedra
glauca was randomly transferred in Saccharomyces cerevisiae and Hansenula anomala, respectively by
nitrogen ion bombardment. The recombined yeasts were screened and the content of ephedrine in ecto- and
endo-recombined yeasts was determined by the methods of bromothymol blue (BTB) indicator selection,
slant cultivation, liquid culture, copper chromic salt qualitative test, and RP-HPLC determination.
Results Nine recombined yeast strains that produce /-ephedrine and d-pseudoephedrine were obtained,
which could use glucose as a carbon source, NaNO; as nitrogen source and be genetically stable. After
cultivated in liquid medium for 72 h and analyzed by RP-HPLC, the recombined strains could produce
extracellular /-ephedrine 18. 85 mg/L and d-pseudoephedrine 2. 88 mg/L, intracellular l-ephedrine 4. 29
mg/g and d-pseudoephedrine 22. 16 mg/g dry cell. Conclusion  The results show that the ion
implantation mediated Ephedra genomic DNA transformation into yeast could be used and the recombined
yeast strains could be obtained by appropriate screening methods.
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Hi, ZE4XARBEANEE IR I EHELE
W ERERT, . #THBEYREERNYA DNA K
BEFMHBEERERNOKEREZETIRED
HRAAEENHERANHALENL.
BFEAEREGBEILE, EXR —FHF
MEEEFES, MEER FEAEFHZEAMRA
B ARG M 2 e A, BB 40 iR Y R R AMR
DNA #EM“EE B TEAEBFHRAR, KX
METZAARREOREME, A\TIBRS T ZHEA
MM BEEPHRENSE DNA Wi 551, B F
FHEDNABIAMZEE"RBXHEHT
WIER,ETRIIW A BENSIE DNA £51#A
T BEFEAEESAEPHT ASERN
REEZEARABHTIKIER ETRAOZ
A EASEIMNE DNA HE B b et B F&
BV P INGR, 38 n T 4R DNA #EA S R4 i
Pl R RETEASIZERMM A L6 RER
HEERG@EHROAEERGMEHEER, X
Ain TSR DNA 5% k41 DNA EHMES
BPl< . BFERMN SR DNA BBER L RIES.
BEZYMEINERZRERT -MHER, £S
Pt % B 4H DNA e &, KiEEE"
HABFEANSTEBRAREYESTE DNA A
3-16 f1 SR2-14-2 IR B JK, £ %L 8 7R 4 At
RPN E TEHESHENERDHH 17.075 6,
45.999 8 pg/g, X EHFSME DNA AP RE P
58AABEYABRHEXHENEREZBEY T
PR TRE. ETFTEFEANS DNA X4 F
BIEHAHEEN, FRTN EANSEREEN
4l DNA ERBERSHRENBESE PRI
TR, AP RBEREARMO RN ELAREST
B,
1 HHEFE
1.1 B R MW B Saccharomyces cerevisiae
2.1882 1 % % N 3 ¥ B Hansenula anomala
2. 340, kRTHEEEREVERREER L.
1.2 FEALAMMUE - HEE - HO, NaNO,, B
& ¥ ,K.HPO, « 3H,0, MgSO‘ * 7H209E':H§#},
HEEEME (BTB), CuSO,, NaOH, Z }i§ (£ 1%
), AR, F AR ,CTAB REFMH DNA R
FiZ#F (245 RNase) %M ABI Aw]3E; BRA W
D0 55K S AT R A o A R B S AR A PR B BRR
HERHWEM,HE FDA 5%, IBB Device 1 &
DEEEFEANGTEN RSB FEY BT

W4l 3 W%, Sigma 3—18K B.LHLW A Sigma 4
], Waters 1525 K AH® A &% {Y (RP-HPLC)
Mg Waters 4],

1.3 %% YPD BHRACI(EEE 10, BEAK
20 g, B &M 20 g, 718K 1 000 mL);BTB ¥4k 3%
% (W% - H,O 100 g, NaNO; 10 g, BE 5 B #
5 g,K,HPO, « 3H,0 1 g, MgSO, * 7TH,0 0.5 g, %%
K 1000mL,[H 10% NaOH#E pH £ 7.0 )5, B
A BTBO.2 g BiEM 10 ) IEEHRE (HE
¥ - H,0 100 g, NaNO, 10 g, B¢ 5 ® % 5 g,
K.HPO, - 3H,0 1 g,MgSO, * 7H,0 0.5 g, & 18K
1000 mL,fd 10% NaOH f pH £ 7.0 5, BMMA
HUEH 10 g); Mk FE (HERE - HO 100 g,
NaNO; 10 g, Bs & H # 5 g,K,HPO, « 3H,0 1 g,
MgSO, « 7TH,0 0.5 g, Z&1&/K 1 000 mL,f§ 10% K
NaOH # pH Z 7.0),

1.4 FAEREORERLEEA DNA # %
B 4 ¥k BE 8 Ephedra glauca Regel #)F%5E & H
CTAB %4 & H# R4 DNA WY %S %R
B AT

1.5 EBEENHE

L5.1 DBRPBRIREMEERNE . HBEHE
PIHERBEA YPD HHER P, BERIK 230 r/min,
28~30 'C ¥t 12 h, F{R I HOx BB B 3 R v it
OWE. BUKEXR 1.0X10" CFU/mL WEEER
BO1mL, HEEEBIHFHARBTTFERHA 90
mm fJ5B - I AP S, T 7 I T o

1.5.2 KIEFEY4 DNA § TE ZhB A BAE KN E
B4 . 28~30 C 5 12h MEBEBENAER
F2RBBRTFHREWRE N 400 pg/mL MFEEER
4 DNA 9 TE B, HEEKRELD 1.0X
10° CFU/mL, 2 HHE K483 0.1 mL AXHE
EBIEHEORAEFERNY 90 mm HEEFILP
o, T0 B R T R

1.6 BBEEMEFEAMN BRMIEHESHE
BAMNETEFEAMDEASHEEMNEERE L, R
FIEER 15 keV. 7 & 1.5X 10" ions/cm’ ) N* 7
1X107° Pa EZRAT, L 5s Bk EABSER
B, UESAGFTREAN B EE A E,
1.7 HRAEHEM DNA M3 AXELE R TREE:
BFEALRG, B 2mL FEKEN 400 pg/
mL WIS EEEZ DNA B TE 2 BRBHRETF
BAGEMEE,28~30 CHILBHF 2h 5. AXH
BEHSR %D 2 min, KB UEME. & 0.1 mL
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GRBEALEE BRI SRA T BTB PREF
B8, F 28~30 C 5 72b, ME=REHR
BAME%. REA N HEBESHEBOEERTEL
|, 2 mL XEKRERAEEL DNA TE &
R, EBRETFEARNEETE,
1.8 EE 4 B £ A MOS0 P K R RY A
¥HELEE BTB 5"t FR EEKWTEE
EHRAENEEEEE S EARE,28~30 C
¥F 72h. NREAHEEAREKERE BRK
230 r/min,28~30 C 3 72 h,

Wik RERSS,3 500 r/min B0 10 min, i
£ EWEB BT E 4B S5 RS R AR
AR E., WEHAK FEKUEREL3K,—20 C
% 10 min, B TSP, MABRE, 5AXED
B, 31K Y%E 10 mL B.L%,4 000 r/min Fil 15
ERBAREBA IR ARG R R, BT ER
WEMMET 105 C TREEE MEESMAR
FHEE.

1.8.1 WMEBMEOMKEABMHAELEERR
FHEUD BB ER EFH®R 1 mLAKKIIA 10.0%
CuSO, » 5H,;0 & ¥ 0.1 mL.40.0% NaOH & #
0.1mL.ZB 1.0mL,REEHESR,.CRTEH
BRARHES.

1.8.2 WREBAMEOHKABS RP-HPLC E &
W ¥ . Waters 1525 pump R AH B E AR 3%
X, UV2487 JUE E &M 0 25, BB F < Q) 210
nm, Kromasil 100-5 C; {8 # & (150 mm X 4. 6
mm),Breeze 3. 30 % T /E¥5 . fiah4H:0. 02 mol/L
KH,PO,-Z/ (95: 5); kB HE:1. 2 mL/min, &
WHBHR 10.0 pL, I TR WIKRE, #E RP-
HPLC @i B %, B8R 3~5 MRS . &7
1~2 Wink .

2 SRASW

2.1 BTB ¥FHRFEFENSRHE RKERMOME
BAFEHPHRRFEMNS L, BBERE, ®
pKa {H5 5% 9. 58 # 9. 74. #4737 BTB i R~
#®En pH EEKR 5.8~7.6, £ BTB FHREHE
L EEHARBEEARLAECHERE, B%REX
HHRTEEERERMMGONREMOEY S B
JERES BB AEARSEERAELAE
.15 7 B, TR E 1 B R B P B B EK RR BT A
R EBWEMS. Ed BTB A% FKR
MERHE, A RBEEABSECNBEERLT

463 MED A HHEEE LB EABTHFE.
HBABTREANWEEH.ERAREERS
DNA @, RFBRAKFEMLT. U 2 mL BEK
RERHEEA DNA TE ZEnl . REETEAR
MBI R E P, R RGHERLT.
21 TRV EERBOBLFLHE
Table 1 Statistics of positive yeast clones obtained using

different methods of cell film preparation

- ®4AF/A
BYWHE EHREES DNA & TE Zrhab M
BERE 2.1882 53 34
RENBEE 2.340 216 160

2.2 EHABSET KA G NKEEKESE
B RESEREFRNFARLEERRRER, K
BTHBEMHERNHEREEF 6 KEEREN
THREHBEGEK &, LT UMBERE 2.188 2
HEREERMH DNA A FREENLIH (RS
0806, A5 % L BE £} 2. 340 R IAH M 8 1k (R
5 1016,1025,1159,1179,2010,3101,3140,3161),
2.3 EARBEFKEBRMGOMKABRNER
B0 bk T, REABGHEEFBH RP-HPLC
RERKXW, &S 0806.1016,2010 1 3161 A9 4 i
R R A ST R BB B BR 1025 A0 1179 AHF R
A 7% A M A B B R R D0 SRR BB A 1 BB, TR BT 4K 3140
REERAFBEANKRER (2. E4BERE
1179 TR 43 72 h M5k RP-HPLC & i A
RE1.
%2 EABGET. R 72h BPREAKER
£l ) 3 3 2ok
Table 2 Yields of /-ephedrine or d-pseudoephedrine
produced in excellular medium and
intracellular solution of T, generation
recombined yeasts cultured for 72 h
B4/ (mg e L™1) A/ (mgg™?)
FRER  JBKEE FRER HRER
0806 4.06 - - -
1016 3.46 - - -
1028 8.35 1.32 - -
1159 2.44 - 3.57 -
1179 18.85 1.47 - 22.
2010 0.21 - -

3101 5.02 - 4.29 -
3140 - 2.88 - 5.00

LLs b

3161 3.47 -
HRAKRYES 21882 - -
HREAREUBRE 2.30 — -
LUSED ] - -
—REH

— sundetected
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t/ min

A-dEG B-EARK 1179 TAAKE K 72 h lsH
A-standard samples B-extracellular solution of strain 1179

cultured for 72 h of Ts generation yeasts

L-REE -V AR
1-ephedrine  2-pseudoephedrine

M1 1179 #k TR RP-HPLC & E
Fig. 1 RP-HPLC Analysis of /-ephedrine and d-pseudo-
ephedrine produced in extracellular solution of

strain 1179 of T, generation recombined yeasts

2.4 BETEANTHRAEEYA DNA B HHE
PHRBEFRUBENEEE IR T, RELAREE
(ROGEHEAEFF Tu,RP-HPLC E & &K M
HEEREBAOR AR ERDREE. UKR
BRER BRI BHF=Y, HERBANTTEANTE
WFEERZ DNA 7EMRB B 2.188 2 PHIBAH
HEH 1.15%  ER T XD 2.346 PHBER
R 13% B FEAEFHEBBHEE", A
EEYEEHNTEAZKARE  RES S THMNE
DNA Z{E P& BV A RERE R hEEE K
HEVABRAIARSEREERBEY &L HHF
i 27
2.5 REEEY DNA XA FHZEHEXN LR
BEPREFLHEmR AP, RAERRER
41 DNA & TE ZrpBCh Bk S £ BB, Bitfy N*
EAXRHERNEB 1 &S H 2010 Mg E
MEREBREARGE, ARIRER™ A
0.21 mg/mL (%2). XYM ,N"HEAHE DNA K5
FRAB R, WX & DNA K B R EEH I B
DNA WAL R, gy s 0 2 5K A BAED & R K
ENERERFENSIRE B, N FEEARE
EEEHORERB=WREBHER EEFEA
N REEED, UEHTEEH DNA K0 F1EH5
BEBEMRE, TREEEHELE.
3 it

AMVBEEREBEMERARTZERNEH
HYERA DNA M EREY P RIEHL? X
BFRE AMRARYPREGAEYERNLZ DNA F,5K
REYBRAERBEUEN R BRERNZ N EEE

EMEYPRERALSY, BLUEPHE—-KER
WEYRERAGYNEDERARRREHEXERY
Jokme, N e kB =AY KRERB=UH
WAV TREKR? AHRNEEXMEERET —
EFHERNER.

Vel —Rh 494 B DNA BEERLFR,.BF
BEANGREEANBARERAREETENER R
Rt B DNA REBGTB# ARG DNA BEH
BEBASAEEE DNA ¢, RERIFHBREREE.
B, NEIE L, TIAMETHEEHYHE—K
ERMPFEVRRRAYNED A BRER, BXER
EHREHAXNER BARAEFEANIIHRE
DNA KA FBEHAEAR, E S E Y% b %,
MNTHESFALERN=EHDRERB =YW
WMEDTREK,

B PEHFRETRAVIBELSERE
RHEZFEFARASAA LGB ;7 %,
J o Fo iy 48 3 47 RP-HPLC #9447 3 i, T 4 ; #7 3%
B Rk kR R R ) kK K F k¥R 4R RP-
HPLC M & A A K #Foth b F AT RS,
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