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Expression of tissue-type plasminogen activator and its derivative
proteins in transgenic alfalfa plants

Joon-Soo Sim - Yong Rhee - Hyo-Rim Ko - Hyo-Kyung Pak - Hyeong-Mi Kim - Kyu-Hee Lim -
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ABSTRACT Tissue-type plasminogen activator (t-PA) is a thrombolytic agent important in fibirn clot lysis. T-PA causes fibirn-
specific plasminogen activation. Six binary vectors harboring t-PA and its derivative genes were cloned and expressed in
transgenic alfalfa plants. The insertion of the t-PA and its derivative genes in genomic DNA of alfalfa plants was confirmed
by PCR. The presence of the t-PA and its derivative transcripts in total RNAs of the transgenic alfalfa leaves was verified
by RT-PCR. ELISA experiments demonstrated that the highest level of recombinant t-PA expression was 75.1 ug/ total
soluble protein (mg) in alfalfa plants. The amount of recombinant t-PA and its derivative proteins in transgenic plants was
estimated to range from 9.7 to 39.5 ug/ total soluble proteins (mg). Western blot analysis of the transformed alfalfa leaves
revealed bands of approximately 68-kDa recombinant t-PA and its derivative proteins. The fibrinolysis of recombinant t-PA
and its derivative proteins was confirmed by a fibrin plate assay (range from 3.2 to 8.1 c¢m). The results presented provide
information for the development of an additional production of recombinant human proteins having pharmaceutical appli-
cations using transgenic plants.
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2E Ue 2ANEZREE AYE= BHEHMA [tissue-type
plasminogen activator (-PA)]= | B3] o) Ao] A= FH|
9] ZatAu|A (plasminogen)S AL 7+ go] ZetAn
(plasmin) ©.2 HFS A7 B DAY WA Bajg fEs
+ A= Zo}A] (serine protease) A|Ho] thilal Hajjlagirz o
24 it} (Collen and Lijnen 2004), AR A ST w27
£ (fbrinolysis) Fe] 28L, Bohho] ZAE T oA
(PAL-19} a-antiplasmin)o] |34 o] olglaicka el gick
o|F PAL-17} AAUollA tPAS] EojH oz Aflel= AAAZ
483 Qlk 7120 AR AL AIE (urokinase2} streptokinase)
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2] 9t} (Collen and Lijnen 2004). 1982'd¢] t-PA cDNA §-#%}
7F (2,530 bp) S2F=2H, cDNA QA F55 A Lo ot
2t 357119] ofn|iAto] AARTH= AT} TS o]-83t Wl
745814 =1¢lct (Pennica et al. 1983). A R t-PAE Ex}eF
70 kDa (pl 7-8)9] T AM&E FLRE =o] ¢glon, 3 WA oy
=Abo] serine 0.2 A|ASl= 527719 ofu|keAto 2 LA E|o] it
tPA Tl 2 4749 ZoQlo 2 FEo] 911, olE& FE
25 (fibim clot)ol] 012 2 ¢Jsf 583 =r¢ (finger2t
kringle 2 domains), E3o]l +-PA AA o] Tefsl= =<l (finger2}
epidermal growth factor domains) W Z 2 g|o}A] &4 o<l (serine
protease domain) 2.2 AT Qi)

0]2j3t t-PA: melanoma A3 (Bowes, RPMI-7272)0]| 4] A3}

314 A2 B4 B4o| /T AR 3RS ol HAE 3
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AW t-PAS] X3 Bz BE7E o83 A3 (pulmonary
embolus) LHUFA A2 07 Mo} JFHog 1= qlct
(Matsuo et al. 1981). ZRE x|@8}7] 3t ZA o7 Akt (Manosroi
et al. 2001; Kim et al. 2005)} Chinese hamster ovary (CHO) A 32
SOl Al tieke® Qibelglon, k3 Gastgdoa gAjo] 9]
£ el t-PAL Aspergillus nidulans, mouse C127 cells, baculovirus-
infected insect cells, goat milk®} mouse milk (Ebert et al. 1991;
Pittius et al. 1998) FollA Aateh= 7leo] HEE STt 4 44
2 B25 o AMgEl= t-PAE CHO M2} 3ol AAks]
1 Q)t} (Tate et al. 1987; Keyt et al. 1994). 18} t-PAS] A A
AEE ZAT o8 A BEoF S4-E Y3 HEV|E NS 9
3to] tPAQ) T B T3] Zagdat oekEomy Wt okl
3taL, aB|A7t o A-stA o] 88 = oA A7) Y3t A2 o
FAA A AFE a8t 9l

ol2igt TAHY iR ol A5 AAHS 0]43) wlo)
2 ofmg ol Ao olf rhsdt A, 7154 oAk tiA
ARE & AR AlE BR3¢ (plant molecular farming)€) ¢
T7F 8] AFFo| Qlek ABAILRE o] 88t A2
Ag A stele BAE 2k A7 Jde d AA- R gus

= ET 1000709 AP F 209719 BlALo) A G- gt
3] AFY Folm, o]F Hutef| sigsl: AFITEE Ho| (Ghucre)
o=yl AE o] e, UymAls {3l 13359 driigo)
ATE FAFoIH, Tl = AFd3HE B2 02 NexgenAlo] A
A—]EX-IOI o:}q_ Z]??u%oﬂ ol;], A] /\]/\E“_O_ o]la_a—].or] xHZz‘ﬂ-

el A AT 34 4712] BopoflA ghits] ¢zt A
ojtk. A& B AeHE 4 YAl FRAg ol A lmmunoglobm
A (Ma et al. 1995, 1998), %] o|*J-&- 34 (CaroRx), non-Hogkin’s
7] oW (ICAM1), o 2| &, respiratory syncytial disease
(Rhino RX), 3 7+ B 3 (Pujol et al. 2005). <14 & H&E wia]
AL A fE mAE (g, vlBe] 2o thet heat-labile
enterotoxin subunit B, HBsAg ¥94] (Kapusta et al. 1999), R} H=
& 2k uol@ A (Khalsa et al. 2004), 2% WAL (Webster et al. 2006),
HIV-1 Tat vaccine (Karasev et al. 2005), Coccidiosis ¥4 (Guardian
Biosciences, Canada), 74| ¥} X1 (Pan et al. 2008), anthrax 2§41
(Brodzik et al. 2005). H}o] 2. 2]9F (biopharmaceutical) U A7}Al 2]
(nutraceutical) THaZ AJAL Q1A AAF S =% (Barta et al. 1986),

disease,

interleukin (Einsiedel and Medlock 2005), human intrinsic factor (Horn
et al. 2004), lactoferrin (Meristern Therapeuticals, 33-~), a-galactosidase
(Planet Biotech, 1]=), plasmin (Biolex, W}, apolipoprotein (Sembiosys,
Arkeh. A44A ol BA Eh Ak 11 ) A2 s
(avidin, trypsin, B-ghucuronidase, aprotinin, lactoferrin, lysozyme, thyroid-
stimulating hormone receptor, Hantaan and Puumala viral antigen,
peroxidase, laccase, cellulase) S©0] o] /WA= ALY AHL5E 1
Qlth (Hom et al. 2004; Howard and Hood 2005, Woodard et al.
2003). o]9)= AES|7} 7153t EeAES 918t polyhydroxybutyrate

(POil’iCI‘ et al. 1992), 7‘1U] tg-zr-’g 1%_]"5‘1‘413] }\‘E/‘\_]-, e]astin’ co]lagen

OHE|H|O[E{Qt 28| Ho| HMAS
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(Scheller et al. 2004; Christou et al. 2004) 5] 117} 3| 213
51 olek

2 AT Areld, gl A2, HEF 5 Ao 4%
AA 42 tPA SAAE (ST} FE o]go| At A F4
H

bl

}, 224 (endoplasmic reticulum)ol] EA, 6712 histidine2] H-2}
FAAE HEaAL, F RO ZREE (CaMV 3589 4
7} Rbesk-14)E ©]-8-t0] @zupola] Az} t-PAS} t-PA T o
WAL ’%‘/\?OPb 7leE sk o3t 2E S|
A B BAo] 9= t-PA D t-PA whAY TR
orwra} QoA WFEE ARTF t-PA 2
SHE joro] Slafa A AEgel
FAo] Eog, hRE0] HajEko
T AT A DA A 2
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AE HENEE dsdE M U Agrobacterium SETE

el ASS sk fsiA
ARG AL HhE HE 9] EE]% cauliflower mosaic virus (CaMV)
358 T2 e 9} &) Rbesk-1A 22 E| (GenBank accession no.
X96847)2 o] 8313t} CaMV 358 TR HEE o] 43t HEulE =
p22lag o]-&35F ) (Hahn et al. 2009). t-PA F-AAF & t-PA 574
Apol] 2:324] 214D (SEKDEL)0] 7h=84d wito] £ Gl t-
PAER (1,746 bp) -8-Z1A}, histidineo] 7} 284 Tritof
PAHiss (1,749 bp) S-4%} == 514 tPA SRR} (1,728 bp
2 HE p22lac] S22l A o 2ol EE HEHE Al
zelsick a golo) SRAA 24 £XA ALY 5A
9 oje} A el S2l TR IHLEES Tl F 2] 5
7t 7}g5kal AR2o A 308 ojdF (annealing)dlod ojSLpAS
AT 3H9itk Zefoln] (S-TCTTACCAAGTGATCTGCAGAG-3)
Zabojw (5-CCCAAGCTTTCACGGTCGCATGTTGTCACG-3")
o]93te] ATCC Atol|A] L3t pETPRR (ST %, 40403)2
Fog ZIE +-PA PCR AR} 47104 o]Fubd S JAeE A
Age T8 T T4 DNA ligase (Takara, Y2)Z 0] &3}o] 16T
oA 3087 vl AZAsIGITy J=|m AR Zefo| (5-
CGGGGTACCATGAAAATGGAGATGC-ATCAGATC-3)¢} «Iu}sr
zztolw (5-CCCAAGCTTTCACGGTCGCAT-GTTGTCACG-3)E
AMEEled PCR (Wh227 @ 95C 58, 13]; 94C 30%, 60C 30%,
72°C 28, 303); 2°C 78, 15)& At gt fefjo] 272
oA 2 AxA DAY ATAEI A4 t-PA PCR A2
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ATk t-PA PCR AFEE Kpn 13} Hind 1T 8 Agsie] do oy
(e e 2RAeA 23 23X A AT LY o
A +PA F2)E p221a WES] Kpn [T} Hind T £} Ato]o)
2435t p221a-tPAS AZ55IcE 2 $ t-PAC] AXA 2|
4|4 (endoplasmic reticulum retention sequence)Q] SEKDELS 7}=
A 2ol R3] HslA p221at-PAS FHOZ ARSIt} A
HhgF Zato|H (5-CGGGGTACCAT-GAAAATGGAGATGCATCAG
ATC-3)} Hukgf Zalo|w (5°-CCCAAGC-TTTTAAAGTTCATCC
TTTTCAGACGGTCGCATGTTGTCACGAATCC-3YE AMS3}9la,
671¢] histidine S 7F2EA FELo] $71317] is)A) HuaF Zato]
™ (5-CGGGGTACCATGAAAATGGAGATGCATCAGATC-3)1} ¢
gk Zato) (5-CCCAAG CTTTTACACATGATGATGATGATG
ATGCG-GTCGCATGTTGTCACGAATCC-3YS A&3}e] PCR (4t
227 :95C 585, 13}; 94C 30%, 60°C 30x, 712C 28 303]; 7
2C 78, 13) & 3to] ggut 4o IRFOA 23 HLA) g
o) AlZMge}t 92 t- PAERT tPAHis PCR AFES-S ATh
% % t-PAERZ} t-PAHiss PCR AM2-& Kpn 13} Hind 112 Aths}
o P& THE 437) p221a e Kpn 13 Hind T £$] 224
3to] p221a-t-PAERY} p221a-t-PAHissE A|ZFs}sict. E31 otgu}
+ 2RIeA 2 AXA) Gl o] AT HEE Egehe ¢
A +PA SARE d7)149 4 3)AL (Entelochon, S0 2125}
of o]FuAle] HHE Astgltt ol Kpn 13t Hind 11 2 A
sto] @& TdEE A7) p221a HE 9] Kpn 13} Hind T 29 Alo]o]
E243}to] p221a-st-PAS A|Z519I) Rbesk-1A T2 R E|L Aur
g Zalol (5-GGAATTCAAATAATTAAAAACTACAACAGAT
GATT-3)3} ek Zalo|H (5-CGACGCGTTTTTTTTCTCCCTT
ACTTAGTTCAC-3)E ©]435}o] Rbesk-1A T2 E (1,149 bp) &
29 T A7149 B9 T A8 EA Eco RITH Miy 2 358 T2
E7} AAE H9o) Rbesk-1A Z2HE]Z 2|3}l p22la-tbcH |
Az T t+-PA 9D A t+PA |HAE o] &3}to p22la-rbe-t-PAS}
p22la-tbe-st-PAE A|23}FC) p221a-t-PAER, p221a-t-PAHiss, p221a-
st-PA, p22la-tbc-t-PA, p22la-the-st-PA W E|E 523155 (freeze-thaw)
HPH O 2 Agrobacterium EHA1059] QA FHTh

otmi}

gt

g

T4 1PA B tPA THY S04-S9) BHUE S ESHE Agro-
bacterium EHA1055 0]-83}] Austin 59| o] ule} ¢gta} o
2 UL olgofo] YR AAATH (Austin et al. 1995). 32
A g ol o R RE HAZuE T3t AjEalE o
AEH = MS BiR|olA] wiek, <3t HHE AR T, 2A0)A] Al
st FAASAE FEI7] Yote] FRo) 4U HH o2 03%
MIAEE W A B ATNS 2 30848 A¥str

Gemonic DNA PCR & RT-PCR

Udot FAKSA genomic DNAY| t-PA E +-PA T 34 =
o] Al 78 B st vhaE X 3 AES= AEA
o] QlojA] genomic DNAE £2|3}o] PCRE o|-§-3tof T4 t-PA
A2 2 t-PA 3 FHAES S ER1ISHTE PCR 242
95C ol A} sEzt A7 & 94T of|A] 30%, 60T ofA] 30&, 72T o
A 287 303] g3 o 12T ol TRZE A7 (extension)dH
th. p22la-t-PA, p221a-t-PAER, p22la-t-PAHiss, p22la-rbc-i-PAc] 2
3 FAHgE G AUEF Zalo|HE (§-TCTTACCAA
GTGATCTGCAGAG-3)&} guI3f Zafolm & (5-TCACGGTCGCA
TGTTGTCACG-3)E AM&-3191al, p22la-st-PA, p22la-rbe-st-PAo]
ofa FAAZE YL FLFF Zeto|H 2 (5-TCCTACC
AAGTCATATGTCGAGA-3)9} uts}F Zajo|HZ (5-TT-AAGGA
CGCATATTGTCACGTAT-3"S AR&-3}%ch

Total RNAst= FAMSE gt ¢ (200 mg)ollA] A23)Ate]
HpHo]] w2l TRIzol reagentS ©|-83}0) AA|5}5ATh (Invitrogen, Breda,
Netherlands). Reverse transcription (RT)-PCR 432 5}71$J3}4, total
RNA= DNase Ag] & th3} Zo| RT-PCRE AF3i3dct ¥E-E
£ 50C o)A 30 min BH2 & 94°C o) A] 2 E7} reverse transcriptase
o] 44& oA stGich 13 & RT ¥H3&& ©|83}o] PCR ¥H3-
S oo 22 202 HAstgch 94T oA 30z, 60C el A 30
%, 28j 72°C 2 E7F 305 A3gsiaict. v F 12T el|A 108
7t 13] Agste] ¥hg-2 SAsIgith SE57] Q3 ARE =
o]+ PCROIA o]-§H A& AME-3IITE $&% PCR A2 1%
oFtmA AL olg3 A/FE T WL

ELISA

PCR 2402 gl FAASA F 254 827719 g}
FAATAE W22 27 t-PA U PA 5 iR S0] 3+
8 A5 PSS S5t ELISAE AASH3irh -84 tPA
ELISA 7]E(CalBiochem, S)E o|-8-3tof AzALe] Ao wat
FAASAANS A2 +PA 2 +PA P DRAES WHYE &
A5t ELISA 7|EE 0]-43}9] PBS-0.5% Tween 202 &4
A& 1 1g/100 pl &+ Ao A 1A]7F B2 % PBS-0.5% Tween 20
© 2 33| N2 %, HRP (horseradish peroxidase)7} £0] Q& o)a}
A2 AL 3ho] AL2o A 2417 BHS 5. PBS-0.5% TweenO.2 3
3] A& %, 100 ul o] TMB (tetramethyl-benzidine)S 2} F 450
molA FF=E S48

Fibrinolytic activity &A1

dmst YUHBANA AZ 1PA 2L PA TP TS
o2l HHYYE 2AeHTA 72 Baol= (Hbrinplate method
2 olgstel Az BT WY BosS AUt (Asmup
and Mullertz 1952). 0.8%<%] @ B2l (fibrinogen) & 40 mlz}
5 units®] EENS S35 § Eeo]Eof L 3087t Aol WA




ZEY ZapA0)A

dto] BH S A ZIck ELISA 23} va dleko] =2 g4
ASH 27 13-327)9] orul FAADAZ GALO 2 PBS-0.5%
Tween 20 =25 1 18& HAT & S/} &2 37C wjer| o)A

].
SHEM AT F ue RS So R Aen B

Western blot 24

TAE A2 Sao] dad olR 9 EAaRe 243laA P
of Soldor Al FAS o]4510] Western blot BA4L Al
ANsHct FASA A= 200 mgo] &8N (50 mM Tris-Cl,
pH 8.0, 100 mM NaCl, 5 mM EDTA, 0.5% Triton X-100) 0.5 ml&

Y3 4C o)A 6087k WxIsto] FAFIT T, 13,000 rpmo A 305
7 AR 3lo] Az Bajslgit) Haly thlE-S Bradford
HhHo R Aekst 50 ugo) Thl AL Western blot EA0] ARL3}
ok 1 FAZE t-PAS] 3t polyclonal A (Abcam, 1|
ARESHe] sl Zot 4C oA wjoFst T, PBS-0.2% Tween 20
Sdo2 53] AH3 5, HRP7} &0 Q1= 0|3} 34| (Pierce, 1]
O A2ollA 2497k ok & 53] AAHsIP o nprgte s ECL
(enhanced chemiluminescence) -8 0] 83}o] Xray WEo] 754
A wee sshgc

-

HE|HO|E St 2R

Gt R FRIeA 24 ARA Guo) A3 H2
4 +PA 747} (1,728 bp), t-PAER §-H=} (1,746 bp)2} t-PAHiss
A (1,749 bp)S LHHAEHE (p221as} p22latbe)o] 22 5
Ak (Fig. 1). 34 1-PA §3A}, tPAER 34219} t-PAHis6 9=}
& 77} 358 T2 2 E|9} Rbesk-1A ZEZ T E, 358 Eulyo]Elo]
QA wrE 2 mRNAS QP A S SEalir) gk PR3
ol BHFE F7HA717] YAl TEV leader sequenceS 358
20E offofl st (Fig. 1). YFute) 9 HHL p22latPA,
p22la-st-PA, p221a-t-PAHiss, p221a-t-PAER, p221a-tbe-t-PA, p221a-
the-st-PA HHEER FANSE A tumefaciensS 0] L5H0] &
ARBE AABHIT (Fig. 2 A). AZAC] AE Uehhs 27
& AP s, WA o AUS PPT (4 merL)7} Sof
‘th A A BT 2o R opE ot o) Aw

=2 A2 iAoM) Mottt FAHsE 22 A
A (Fig. 2 ByS §5to] A3 ot a5 2h= A== A
=3I (Fig. 2 O). ol AEAE ®e] 34 5, 23 dAS
AA 2A00H FASST} (Fig. 2 D, E). 219 F PPTol| ti3t A%
& A7) $leiAl 0.3% Basta o2 ‘:"\} F AL AR Y
PAT 42 H&S ARGt (Fig. 2 F). ¢
Z-e U= AR 0] &lez—}g}xﬂa A

F9 T AAAQ A

S0 5 50k a

2—-{T35$| +PA ITEVIP3SSHTi7 Ibar IrsssP:

p221a-t-PA
Hind Il Kpnl Ml

p221a-+PAER ;;{Tsssl t-PAERITEVIP3SSH Ti7 | bar |Psss|::
Hind 11T Kpnl Miuil

p221a-t-PAHis6 :B—IT3SSIt-PAHis6|TEVII’SSSH Ti7 | bar IPSSSI—R:
Hind IH Kpnl Miul

p221a-st-PA ;B—ITSSSI st-pa |TEV|P3ssH Ti7 {bar ]rsss]-R:
Hind 11} Kpnl Miul

p221a-rbe-t-PA l<‘I:—-|Tassl t-pA | TEV ProesH 717 bar |935s|-R:
Hind 111 Kpnl Miul

p221a-rbc-st-PA 2-—-'1’353] st-PA [TEV Procs| 17 iar |P3SSI=R:
Hind H1 Kpnl Miul

Figure 1. Structure of the T-DNA region of the binary vectors
(p221a-t-PA, p22la-st-PA, p22la-t-PAHiss, p22la-t-PAER, and
p22la-rbe-t-PA p22la-rbe-st-PA) constructed for the expression of
t-PA and its derivatives. The expression cassettes for t-PA, its
derivatives and PAT are located between the left and right T-DNA
borders (LB, RB). Transcription of t-PA and its derivative genes is
driven by the cauliflower mosaic virus 35S (P35S)/or Rbesk-1A
promoter and the tobacco etch virus 5™-untranslated region (TEV)
mediates enhancement of translation initiation. The 3" UTR and
polyadenylation signal of cauliflower mosaic virus 35S T35S lie 3’
of t-PA, synthetic t-PA and its derivative genes

Figure 2. Production of transgenic alfalfa plants with 4. aumefaciens
EHA105. Transgenic plants were regenecrated from alfalfa young
leaf on selection medium containing 4 mg/L PPT. A. young leaves
were wounded with a scalpel and were infected by A. tumefaciens
EHA105 with the binary vectors on B5 medium containing
hormones without antibiotics in dark for 2 days after infection. B.
Induction of somatic embryos on transformed young leaves 5-8
weeks after infection with A. tumefaciens EHA105 containing the
binary vectors. C. Shoot elongation of PPT-resistant plantlets. D.
Root elongation. E. The acclimatization of young plants in
greenhouse. F. Lateral flow test were performed by using a Trait
LL lateral flow test kit. Lane 1 is untransformed plant. Lanes 2-9
are the transgenic alfalfa

=AM oy st W R AW Pet Holnk 27}
2 ¥ BastaA 2] Fof, 427} FHAER 16-327]9) 44
ol FAAIAS Y34 9 EAYESH E4 FEEL 317
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Figure 3. Detection of the t-PA and its derivatives genes in putative
transgenic plants leaf tissues using PCR. Genomic DNA (500 ng)
from transformed alfalfa plants was used to demonstrate the insertion
of the t-PA and its derivatives genes into plant chromosomal DNA
by PCR. Lane 1 is standard molecular marker. Lane 2 is the binary
vectors used for transformation of young leaves. Lane 3 is untrans-
formed plant genomic DNA used as a negative control. Lanes 4 to
9 are transformed plant genomic DNAs exhibiting the 1.6-kb t-PA
genes in the transformed plant genomic DNA

1 2 3 4 5 6 7 8 9 10

Figure 4. Detection of the transcriptions of the t-PA and its derivatives
genes in putative transgenic plants using RT-PCR. Plant RNA was
isolated from selected transgenic plant leaf tissues and RT-PCR
was performed with a pair of primers that specifically amplified a
DNA fragment of 1,6 kb of the t-PA and its derivatives genes (lanes
5 to 10). Lane 1 is standard molecular marker. lane 2 is the binary
vectors served as the positive control for the PCR. Lane 3 shows
the PCR directly performed on the extracted RNA, in order to demon-
strate the absence of specific endogenous plant DNA and lane 4 corre-
sponds to the RNA of non-transgenic plants used as a negative control

F
2.0
16

t}
SEU Asmet SR Hol7h ot ES FAe
o 218 % AZA AT PAS] o] HEHE Ag

tPA 9 Y REIA dRl Y FAL T

ool §24842] genomic DNAYe] tPA $XHS2] 4K
55 gelsty] Y84 PCR 55-E AXsignh Addel B4
 LPA SR NS S2Y 4 9l Zetoln] 42 ol
A ARG NA ZIHHE 1.6 kbo] 2719] bandE &3
3 2 SISLT (Fig. 3A-3F, lanes 4-9), F2A] ALG-H wralelel
£ (p221a-t-PA, p221a-t-PAER, p221a-t-PAHiss, p221a-st-PA, p221a-
tbe-t-PA, p22la-tbe-st-PAYS o7 ALg3t Ax} FAABA 0|
A geld Azt 22 27]9] 1.6 kb bandS Y = AT
(Fig. 3A-3F, lane 2). 0]2|ah WL tPA 747 AL els}|
sl 2w hE AEE Adetgict 3 HEToR T &
Zulg AHE5te] RCR 352 AAIE 27 tPA 370 483t
& bandE EQIF 5= QI3lch (Fig. 3A-3F, lane 3). ¢l dgvt 9
ARBASS ASEA BAL A LANA SR,
Shdvl FAHBA WS HA RNAFO| +-PA Fo] RNAS] A
D2 24577 RTPCRS AA3 23}, +PAS] Eo] 29l band
BRI 5= ASIth (Fig. 4. lanes 5-10). B3 27k 4@ WE S
o|g51o] PCRAY A3}, 1.6 kbo] 279 band & AT == ST
(Fig. 4A4F, lane 2). &4 HEZOE OPIF LLIE AFgato]
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Figure 5. ELISA sandwich assay. Ten micrograms of total soluble
protein from plant leaf tissues was used for ELISA. Vertical point
plot shows the expression amount of t-PAs and the selected transgenic
plants. The arrows point to the mean expression level of t-PA and
its derivatives (t-PA, t-PAER, t-PAHisq, st-PA, rbc-t-PA, and rbe-
st-PA), respectively
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Figmre 6. Fibrinolysis of recombinant t-PA and its derivatives in
selected transgenic plants. Ten micrograms of total leaf proteins
from transgenic alfalfa plants was spotted onto plate containing the
fibrin polymerized by thrombin. Vertical point plot shows the
fibrinolytic activity of crude extracts and the selected transgenic
plants. The arrows point to the mean fibrinolytic activity of t-PA
and its derivatives (t-PA, t-PAER, t-PAHiss, st-PA, rbe-t-PA, and
1be-st-PA), respectively
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Figwre 7. Western blot analysis of selected transgenic plant leaf tissues.
Fifty micrograms of total soluble protein from plant leaf tissues was
separated on an analytical discontinuous SDS-PAGE gel (12%), trans-
ferred to a 0.45-um PVDF membrane and incubated with sheep anti-
t-PA serum and rabbit anti-sheep horseradish peroxidase conjugate
as primary and secondary antibodies, respectively. Lane 1 is the recom-
binant protein from animal cells. Lane 2 is a negative control. Lanes
3-8 are selected transgenic plants (t-PA, t-PAER, t-PAHiss, st-PA,

tbe-t-PA, and rbe-st-PA)
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