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Rk A S B S A cDNA IR I KETHREARR
CHENEIE T S S

(EHRERAEHBLELSFHEER Jhs 100020)

i g %Eﬁf#(f’ermselfnum crispum )%ﬁﬁﬁ&ﬂ%%éﬁ(PAL)cDNA Wi—@ﬂﬂﬁﬁﬁﬁﬂiﬁﬁ
%pWB&E@%PﬂTW%m%ﬁ%%kﬂ@ﬂ%%&%&aWmﬁﬁﬁﬁMﬁ@ﬂﬁﬁ
TR (pMG36ePAL/ L . lactis MG1363). HiEi#IH PCR & H [ — & 120bp AR B A
LS pMG36e BLES 4 W % K 3k pXHS, bABIF BB AR & PAL, AT PAL #§ N K
B b uspdS (H K, S RINGME] PAL B, ARASAR MABRARERALES
K dna) BT K, 43 7RG RERE pXH), K18 PAL VA S &34 LR (pXH]-
PAL/L . lactis TL1403), 22 30°C & 37CMiE S, o[ fff PAL KB FBHERST 2 6. A0S
B FL R PAL T 78 B (5 22 i 5 3 PO AR IR A Bl v Tt B 7 T A A i

g FHARBEREE, BN, BERE, EEMRE

S%E Q785 YWIFIRB A XHHEES  0001-6209(1999)03-0196-04

1 B R B ( Lactococcus lactis ) EREAE N/NF G E WS, AN BT HFA ALK
a1 2 R4 A R b B YRR LA T I T 48 S F B R T BR FR AR (PKU) Y BB 42
TR T oA, MUY A T ENERAENERRER(PAL) M TRE, ©
75 PRU 82 /1B % 3 PAL B 157k (8 4 A8 R 9 48 09 B AR (Phe) LU HLE A5
T2 F 41 B 0 T EE NG (Cin), AT (8 SR TE 3 A2 R IR SO IRBL T, ML 12 Phe 73R
ATHESIF 162 87 PRU 4405 Hin. %R — 7 EAE M PKU BILAERRE
R AR L B, B — A T 8BRS PKU 1R LA R £ R,

ATFAT L 4HI7 T PAL ZEFLEBRILBR I i Rk A Al T 1R, KA T RO
PAL <DNA 75 SLES 7R b G 2L AU .9 T 280 o 3R89 0 = P AR 4 IRE, FE I R B AL
B oREE LA ML R, R BIRERIE R 1 PAL 9 LR E ., HEHAE PKU IRTHER
BFR AR T ERE, R AW R UG R B R &

1 A#Ae 7 ik

1.1 CEeHiH

111 R RIS, BT R RN bR WL R 1. RIAFFEOR A NZCYM B 57 B
(Gibeo BRL)HE 355 FUER ELER B FI M17 55553 (Difeo) S5 5. E X FER (Amp) HEH

» JCEUH E RE A H & BT EN(No, 7952012)

o A s o B AR AR, b T T M SR, I 01, e, BT, RS IS I SR
| A E R R OCE A Bk S R R, JE AT 100080

Wk B 1, 1997-08-19, 18 [ H 4. 1997 - 12 - 22
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60ug/mL; L BE (Em)E KB R R P HE X 200pg/mL, EABRAREHTFRTH
S5pg/ml.

1.1. B[#. 5|9 FFE2. Ry P P2 THTYEE PAL H BRI RA TR
pMG36ePAL 14} i 26 35 Jf % pXHS-PAL; SP1,SP2,SP3 1 SP4 F +i% /3 PCR & H 4
WS G R R B PIL R PI2 HFAr B EBE L. lactis dana] B3 FE
8 PILAD P2 SR ] A T E PAL #E S RIE TR pXHI-PAL, T7 B3I TE(HGLRA T7)
HF DNA I,

1.1.3 FETHEMBX . NYEF EcolCR [, EcoR I, Hine II, Nde I, SnaBI, Sac I, Xba [ K&
T4 DNA H# B B Promega 237 ; Tag DNA 38 &8 A EH B R EHF T

®1 FRi0EE
Table 1 Strains and plasmids
[ oE R 73 HRIEN H
Strain and plasmid relevant features Reference or source
L. lactis MG1363 Derived from L. lactss subsp lactis NCDO712 by plasmid curing 2]
L. lactis 11 1403 Derived from L . factis subsp lactis 11594 by plasmid curing [3]
E. coli DH5« f4]
pET23b Amp';unique cloning sites: Nde T, BamH I, EcoR 1, Sac 1, etc. Novagen
pMG36e Em";expression vector with P32 promoter, multiple cloning site{ MCS} (5]
and prtP translational terminator,

pET23b-] Amp"; source of dnal] promoter this werk
pRSPAL Amp'; source of PAL ¢DNA (6]
pET23bPAL Amp';source of PAL cDNA (6]
pMG36ePAL Em'; constitutive expression of PAL in L. lactis this work
pXHS-PAL Em';secretory expression of PAL in L. lactis this work
pXHIJ-PAL Em'; heat inducible expression of PAL in L. lactis this work

%2 3pERIFES

Table 2 Names and sequences of primers

EAE FMFF(5—=3")

Primer name Primmer seqence(5—>3")
Pr TCACAAAATGCTATACTAGGTAGG
P2 TTAACAGATTGGAAGAGGAGC
SFPl1 GTAATTCGAGCTCAAGGAGGTATACAATGAAAAAAA
SP2 GGTATACAATGAAAAAAAAGATTATCTCAGCTATTTTAATGTCTACAGTG
5P3 CACCTGACAACGGGGCTGCAGCAGAAAGTATCACTGTAGACATTAAAAT
S5P4 GGATCCGTCGACCAGCGTAAACACCTGACAACGACGGG
PJ1 ACGGAATTCTGTTATTTTAGATGGG
PJ2 ATTCATATGTAAATTACTCACTTCCT
T7 TAATACGACTCACTATAGGG

1.2 ERFHE

1.2.1 =% PAL RIAFRM M 2. H B2 H T PAL cDNA £ RT-PCR K15, E ik
% pBluescript & pET23b T FEARTE(E 1), SR TR =F PAL R& TR DL
PMG%E[S}jJ%EHL FI#E L. lactis ME . coli PRHMRIE, TROEFRBEFERT E. coli
FER PAL BHiARA M EAMER, Rig AEFAEAB A BRILREHTRERR,
B Y) ERMEEAL E. coli DHS« BT BECHR(7 ). & PAL RIERBHERTFWT.
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0 P B 35 B pMG36ePAL; PAL cDNA # pBSPAL % SnaB 1 #1 Xbal #1718
(2.2kb) ; 8 & pMG36e 2 EcolCR T #l Xba [ 17, BWEEFBEMEHEFE®K 31:1 R
&, T4 DNA HHE 14CER 18h, ¥ A EHLALSBEEY E. cofi DHS« BT 50
M. SRISTHARE e HERE,

St Wb 25k BURL pXHS-PAL: i#1H PCR(514 SP1:SP4:SP2:SP3=10:10:1:1) & i
# 120bp BB B R B (&5 5 T 5 %), JF A Sacl #1 Hinc II B§47; PAL cDNA
8 pBSPAL %2 SnaB [ # Xba 1 Y115 ; 81k pMG36e £ Sac 1 # Xba 1 ¥]3F. PAL cDNA
BT H B R FFIER Y B SRR B VI A B9 37201 T 14°CE4 18k,

RIFEFHFIRMM pXHJ-PAL. O BFES B FH - WIS BMARE (L. lactis
11.1403) E FH 2 DNA, X F PCR(5|% P11 # PI2) rikd™ 1 dra ] B3 F K&, ¥ PCR ™
WL E4E pET23b K78 dna ] BB T UK pET23b-), B T7 B8 75 97l 5 £
E, LA A Nde 1 1 EcoR [ BS80S )5 80 T840 (29 260bp) o O3k IEEARE 7
pMG36e #2 EcoR 1 FI Sal | BRI LB HF E 3hF RBEHB. @HHERE PAL DNA #
4% :pET23bTAL £ Nde [ #1 Sal [ #145 (£9 2.2kb), @ U E=&AHK 2:1:3 B 8T 16T
EHE 16h.

1.2.2 PALEAEFAFREAREMEE(TFEE. cofi): DR K/DEES . HEHER
#i DNA Bk FTHIME R A B, @# % PCR ¥ 2. PCR 34 2 B0 T Rk
BEFHAI(Pr 3% PINDFEEA R B PAL (DNA 3 5 (P2), T HEEA S BRES YN PAL
BEEE#HYS T OPAL BHEMAR M R 20pL WHEN 1.5p185% B ERER 1L, 3 X 200pL
ZRRZEEMIL, HEH EIEH, 100pL HEEER, 20.L BF HPLC 4, REERH A
FH(S% ZER)f BAH(20% B8 +25% LIE), ABHEEXEZE 119 B3R G, HER
1mL/min, B A 0.46 x 25cm # C18 #F, KM K1 4 290nm, MEBFBF LT R PAL
MEAL 5L R =4 Y EE R T #I B E 4 RORL A T PAL iR,

1.2.3 EAPALRZFRNBFAEELABARA ARARBEFARCHMBEMY
# % REEEE FEME X918 M A PAL EHM KBIFE T E M AEEREAR
JEBL, PEG @4k, f§ ODyg/ ODggyik 1.8 7KF, BU 250ng [ # DNA 5 80ul FLEEAERE IR
4 F|Hl Bio-Rad Gene Pulsor HFE L IER EMAFR RN EAILBRABRE D, k8 HA
1.25kV/mm, 25xF FI 2000, 1% 5 3% 75 % A SGM17MCP) (% EmS0ng/mL, Phe 250ug/
mL), AR B R 1 F 2 F SGML7 + agar’® (% Em Spg/mL, Phe 250ug/mL ), 30T R
¥ 2~3d,

1.2.4 HAMAERE TER PAL Fik 2347 DSDS-PAGE ME PAL 3% WA M KN
LRI ERE LEM, RS0 [7) F %17 SDS-PAGE 4#7. DiEW PAL RAEHE
5% . A IERET GM17 fﬁtfﬁ%m(bﬂ phe & 2.5mg/mL, MABEE Spg/mL), 30T R
AW, AEERGAENAERE 1000 BBRGHEEE, § 6h —IRIUEE 20,1, HPLC
M AR &, BT 24h N, SERETRNER S EHTEMERES, STEE PAL
EiEN., BEEEAMNARAREENE, RBSRAKL WTEIVCRET, FHl
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2 ZRF4H
2.1 SBRERS RS HERIE)T PCR €54

B 1 %3%)3 PCR REE X PCR =4 ik R, &£ % ¥ 383 PCR A4 LAY 18 B B
SR/ (120bp) FAFFE (I 1B) . B 2 RIZIHETF F B/ )FF M, 0T HFIE . B
BH B BEHBEYILE Sac [ # Hine IL;&%F — 48 SD FFIFM —4 ATGAGE f4 4 B
KIFEHEE)WBRREFN L EE I HARARES W ED uspds HESKF
U EE A B RE B T R E PAL 89 N R b uspdS B S8k, SHHWEE, &
EESHRABEERAERBRA SN, AR PAL # W RIREAFNESE T 2,

% 15 PCR(25¢cycle)

SP1

M1 #13 PCR & MM W AB & pXHS BiRABIAE H B (120bp)
A TEHE B. k&%
Fig.1 The DNA fregment(120bp)synthesized by progressive PCR used for
translational coupling expression in secretory vector pXHS

A. Schema B. Electrophoresis results

10 11 12 13 14 15 16 17 ([stop]
ATT CGA GCT CAA GGA GGT ATA CAAITG AJAA AAA AAG ATT ATC TCA
Sacl  SD. M XK K K I 1 S
GCT ATT TTA ATG TCT ACA GTG ATA CTT TCT GCT GCA GCC CCG
A 1 L M s T v 1 L S8 A A A P
TIG TCA GGT GTT TAC GCT G QTCGAC GGATCC

L s G vV Y A Hine il

B2 SRR E pXHS MR EAKEE B E&TFAR
TR R B VI & Sac [ At Hinc 1L, RELTR SD 77, SR T HSHEHRED ATG, [TGALSRE /MR &
HED, #EMERTRAETFRY, fSREERFFARFEREEAER,
Fig.2 Nucleotide sequences of the translational coupling regulation fragment in secretory vector pXHS
The restriction enzyme recognition sites{Sac [ and Hine¢ II}are indicated with wave lines; Shine-Dalgarno( SD) se-
quences are doubly underlined; underlined ATG, translational start codon of the signal peptide; [ TGA], translational stop
codon of the vector peptide; the codon numbers of vector peptide are shown above the nucleotide sequences; the amino acids

of signal peptide are shown with one-letter codes under the nucleotide sequences.
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2.2 L. lactis IL 1403 X4 DNA #l& R dna) BEhF X igi) 45 B0 &

L. lactis IL 1403 2E 4 DNA XK dna] 3 3) F X1 PCR ¥ 3 /™4 B 1k 45 R (267bp)
e 3 R. B 4 %% PCR =41(dna] 5 31T ) #9 5 RE BURL pET23b-] 89 I F B A3 AT 45 R,
S53pk[12]RE R dna] BB TFRBHEEEE—ITBE G-AZR(EH 79 L),

dna] BEF X B4 M, N9 PAL MBS RERBER T &,

Nde I [Start]

bp
23130 3
9416— | ”
6557 | 622
527—
404—
309—
242— 267 tp
3 L. lactis IL 1403 £ F A DNA K dna] B 31T X PCR § ¥ ™=%
A.IL1403 £H 4 DNA B.dna] B FE# PCR F B
Fig.3 L. lactis 1L 1403 genomic DNA and the PCR product of its dna] promoter region
A.IL 1403 genomic DNA B. PCR product of dna] promoter region
EcoR I
GAATTCGTTT ATTTTAGATG GGTATAACGA AAAGAAAAAT 1= 40
GAGTTTCATG ~ TTACTGATCC  AATAAAAGGA  AAATAT TGHT 41+ 80
TGGCTGAATC TACAGTTGAT TCGGTTTATA GTGGAACAAA 81120
TCAATTTGCG ATAGAATTTT  TATAGTGT<aa ttagcacictt> 121 161
ATAAA <aaga gtgctaatt> T  TTTTGCCAAA AATGAAAAAA 162+ 200
35
CGTGGTAAAA TAGTGCTATT GAAAAATTGA TTTAGT 201 - -~ 236
-10
AAAGGAAGTG  AGTA ATITA CAT [ATG] 237 - 261
SD.

B4 pET23b-] dna) BT REH FE R REETHES T (WFSH:T7)
BRERHENMBEILL NETFERYMBETHEFET(IR); #ELR-35 R-10 K8 WKL
% SD B ; ATG(Start) HEIERE &, B BFIA B —BUAE Nde |, THURBZRAER E
B 79 i B AME AT (IR (12]F K GYRFIERE) .

Fig.4 Sequencing results of the dna] promoter region of pET23b-] and
the deduced regulation elements(sequencing primer: T7 in Table 2)

The restriction enzyme recognition sites are indicated with wave lines; The small leiters show the in-

verted repeat(IR) ;the — 10 and — 35 are underlined; the Shine-Dalgarno( SD) sequences are double-under-
lined; ATG(start), translational start codon; the base “A”(79) differed from which in reference[ 12] is also

indicated.
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2.3 N PAL FIERHMBEFLEE

LR, BT @A PAL RIABURLTE '

DHS5q« #1754 PAL Fiki51E, LEHE PAL
FIRJEVEE FOR IR BUM X B 3, HL“H 7
PCR i & " f “ 15 B PAL BRIEHHE &
EE R RN RGEME
E PAL RiIXRNH EBEFB.

B 5RE® PCRIEMEFFEAR
KARHEMER ARBMEL(HH
pMG36ePAL) T.F2 & B ¥ PCR AJ K15 4%
FH9 2.2kb 55 7 4 (B 5A, 5[4 Pr 1
P2), [l#H PCR 3|4, S MR Rk (JHAL
pXHS-PAL) LEH £ H#% PCR LY H# T
FBAFRA 2.3kb B PCR P4 (& 5B #

3.4), EE“FHEX B HR B LREE(E 5B o
&1 S)K 2 0. 1kb, PLEAVEIE A B A PAL |

DNA¥EEA, BiFEFFRIE(RK pX-

HJ-PAL) T2 B B #% PCR " #78 2.4kb
4% F PCR =4, B 5C R¥4rEREmE

HZR(514%R PILA P2),

PCR % & E# /I FIEF K DHSa P
W ME] PAL 225 E1E.
2.4 FLERFLEKS PAL TF2RY PAL B§/E
T

=FF PAL X R B FFLiEH L3
ERFLERE R BT 1 ¥ 10° (B L F/pe
B A b, iSRRI IRE PAL TRH
¥R E) PAL BEIETE,

5 W% PCREMESBMARETHNGEE
A AREGY Pr/P2),B. A WE (314 Pr Al P2),
C. #i%FA (59 PII/P2)

Fig.5 Direct PCR of bacterial colonies screening

for recombinant plasmids
A. Constitutive expression type (primer; Pr/P2);
B. Secretory expression type{ primer: Pr/F2);
C. Heat inducible expression type(primer:PJ1/P2).

PAL AR FA TR (pMG36ePAL/ L. lactis MG1363)F ik =42 SDS-PAGE 4+
PR mBEEN PALEAZH (A 79.1kD), AL B EEOBRMN 0.9%; 7 R TRE
BEHTRARKMAZAHEBH PAL {7 ; RiFF B FIETHE (pXHS-PAL/ L. lactis
IL1403)% 30C —~37C %% S, PAL FABAM X FHAE 30C H W B, FTARES

B1%i k.

[ 6 4@k HPLC #3375 W R BR AR B 7 35 % LRE B PAL BB{EHE#1T 04
B4R, EPE6A HHERITE(NERIFRIEHNTE8.92~8.96min) . & 6B RHA
B TR (pMG36ePAL/ L . lactis MG1363) BB WA IS se it B eh, R E B
WG HPLC 4. S HrRe, 24h WIRFHREFH Phe BRAIE A FEKF A S, 7T K
B BEERT HER (Phe WK E L 2.5mg/mL, E 24h BT N EBRKIEKFFE
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(6k) (18h)
G
Cin\I m\k
BT L (12
,Cin C'm\
v———-J L ‘_.—J e
— — A o — B
5.9 8.92 8.52
Cin
e “
Cim
37¢C N
T D
[
8,92

Mo AEIERE PAL TEEH PAL BIE1ES T
A FHERTE BHAR C 484 DAESY
Fig.6 The PAL activity of L. lactis(PAL engineering bacteria)determined by HPLC
A. Cinnamic acid standard; B. Constitutive expression type:

C. Secretary expression type; D. Heat inducible expression type.
1.8mg/mL), A T BH B HETH PAL Ft. B C F— 1T ABAREMWHTE
B (pXHSPAL/ L . lactis MGI363) ERE IS H 7 12h, G T PAL Riff =¥ £
BERBMNAPLCHER, RN ZMERRAT SHE RVEBEEO YR BRNERER
BLIREN /5, MZEEENBERRNEPER. 6D RIESR LEE (pXH]-PAL/
L. lactis IL 1403)HE BB (TR IEF)ERERAEF L 30CH 37T 2 FEF 20 B,
EREPAERY HPLC AR R, h EWEEK ODw R, " EHWERELHB E
ROEANERFENAFERH PALBEARERIIE. 37CEADTFARKRSER
P1=137pg/mL, 30T P HEB SN P2 =T8ue/mL, BFES RIS FHFB IR
REM T B PO=24pg/ml, BiBFRFE R K =(137-24)/(78 - 24)==2.1, B 37C #iF
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FA[fF PAL RIZWIZE 251 k.,

3.7

ZUT PKUR—FHE R EEBRRMNRERSGH. ERERBEXHERSE
B (PAH) EFH R, A2 & E ¥ PAH, Phe R EEE WL HEEE B, 53 Phe B H
 BHERBYESANARRRE FEHNEFRILHEEZARTEEE BT ARAE, HTHK
AR ER YT ETEE R KRR TR, 9 55t s e, S8 ILEDRE MY
Ao ARREWRE T HABMILRE PAL TREE/NHNH Phe LIBF 52884 PKU
BEE G IR, HFEREIA T PAL DNA I BIARE M T FEX,

FHREAR S HART PAL DNA EHAMARE FHARUEEATIEY
(pMG36ePAL/ L . lactis MG1363), H /& pMG36e BH ¥ G A B ARE LA AN BB T
P32, G RFHAR AN PALM TR, M TREFEEARTH PAL BIEE, AEAF
PKU %7,

ET PALHRZIMIERALAGMAERT —ENMENER, S5 T PAL EHRA
REFH T B MRESREERA, —HE, AR TR RERARE pXHS, FH#IRE
AR pMG36e ZBEN S Sac 1 MEA ~ T AL S MW IAEFE, ZFBSHHN
SD F 31  ATGA Bl BEEF IR B uspdS 09155 BFEFIN, FLI#X PAL BY, T8
T RBKEE M PAL B N KW E MBI 85 89 uspa5 550K, LRI RIE, 45 R 3]
PAL BB iGVE; Hi TRIEA BRI, PAL BEHE S WFIMAAMEE—-ETR. B—HE, HT
SERETAMARGMEE S dna ] EFBE TR, FHUMET ABRIARE K
BRI EAK pXH], #H T EHFE PAL IVEFREREXTER pXHI-PAL/L . lactis IL
1403, £ 30C 37T A S H PAL REAFEHERBE 2 BU L, L. lactis dna ] EE
JEH Van Asseldonk %5 1993 dE A B WA, R (dna) AR FESFRIEZ
HRAKTFRE, MBS FRTH — R M EEFFAATTAGCACTCTTATAAAAAGAGT-
GCTAATT X FREZFEREEEH. YH TR B3 FH uspsS-amyS @& HH E
AREREREHITCHRFEFFERAAEME 2%, LUBESEENEINZE 34
5012, SAR Y PAL BB S R EMEMM, PALRIESREGE—EHE LSBT
0T HFEFTREN PAL M THEEASHERMGH .. MHE—SHRERERRENH, 3F
HLBGE R AR, #MEERNESRARENEEBREATITWIELE,

BE PALEHME R AARARE TEENKE, yORLESEHFIGT 2R
PRU £ 78, IFH R - A 5RTERET HETE2AREMN PRKU BTHZR, AL
BRSNS R EEATEERRE XA AR,

B 2 Groningen K2 Prof.G. Venema M Dr.J. Kok 43 3/ B B8 Fk: pMG36e 1 8 bk
L. lactis MG1363. L. lactis 1L 1403, EHER B,

EE3w
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EXPRESSION IN LACTOCOCCUS LACTIS OF CATALYTICALLY
ACTIVE PHENYLANINE AMMONIA-LYASE FROM PARSLEY

Xiang Hua Liu Jingzhong Hu Wei Zhu Jin Zhu Zhangling
( Beiying Red Cross Chaoyang Hospital, Beijing 1000200

Abstract  The phenylalanine ammonia-lyase ( PAL) ¢DNA of parsley { Petroselinum
crispum ) was subcloned into constitutive expression vector pMG36e downstream of the P32
promoter. The resulting plasmid pMG36ePAL was introduced into Lactococcus lactis subsp.
factis MG1363 by electroporation. The recombinant strain showed its PAL activity convers-
ing the L-phenylalanine in the culture medium into trans-cinnamic acid. A new secretory vec-
tor pXHS was constructed by recombination of pMG36e with a Lactococcal usp45 secretion
leader coding sequence and a translational coupling sequence. Then the pXHSPAL was con-
structed and used for expression of PAL in L . luctis, the PAL activity was also detectable.
The L. lactis dna] promoter sequence was cloned and used to construct a heat inducible vec-
tor pXHJ. PAL ¢DNA was cloned into pXH]J and the L. lacris 11403 was 1ransformed with
the recombinant plasmid pXHJPAL. After a heat shock from 30T to 37T, the PAL activity
of the pXHJPAL strain could increase approximately onefold. The prospect of using these en-
gineering L . lactis strains for PKU therapy was also discussed.

Key words Phenylalanine ammonia-lyase {( PAL ), Gene expression, Lactococcus lactis,
Phenylketonureu{ PKU }.
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