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ABSTRACT

A number of proteinases occur in food plant seeds. These enzymes play a crucial role in the
metabolism of seeds by processing newly synthesized proteins into mature forms during
ripening and by decomposing storage proteins into amino acids during germination. However,
details of plant proteinases are not so well known as those of animal proteinases including
pepsin as a digestive enzyme, cathepsins D and E which are involved in the intracellular protein
catabolism, and renin as a blood pressure-controlling enzyme. The aspartic proteinases (APs)
of plant origin which, structurally different from those of animal, insect and microbial origins,
are each characterized by bearing a ca. 100-amino acid insertion in the C-terminal region. A
good example can be provided by rice APs (Oryzasins I-IV) and cardon AP which is contained
in an extract of this flower and used for milk clotting to make cheese in Portugal. Considering
such a background, we carried out experiments of finding out a new AP that may occur in
soybean as well. We first screened ¢cDNA libraries constructed from ripening and germinating
rice seeds and thus obtained several independent clones encoding APs. These were found to
share 60-80% similarity to one another, each conserving the insertion which characterizes to
APs of plant origin. Since one of cloned APs, named soy APa, was most different from oryzasin
1, we tried to express the protein by transformation into E. coli, with a satisfactory result. Soy
Protein Research, Japan 2, 11-15, 1999.
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TEHEEL-ABEERTHY, KE-AQRIE, K2
DOIMLTHEMEICFELZBRT LD, REDEZABE
O 0%E - TN =) 2 THEDDL
NCTw52, IhbDEETIE, mRNA ICIEE SN
Db, BFREN, HEBEE LTEREINOL, B
T THRBEINELR TS, RKEZ) =03
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T—¥RELRWIEENATVS, T/, BFITEBLT
X, TNODEI-AHE Y5 L TR
THETOTFT—ENHEET L. BERICZOBENL
(AR TWEFUF T =PI ATy 7ar
T—¥ThY, a-TIF—¥, f-73I5-¥, Xs L
T =V EONKSEREZR LR, T2 —0 iR
WBWTAR, DWENRsZLEHL LSS TY
fo. FA—LTOTFT—BIETAHRIRE BN
TWed, SEFEICR > T, HEPLICT AT FY
Bk AT LT ANTFUVB7uT 7 —¥ (AP) &
MLT, BFroBan?y, ZOEEEIES M
No0H 54, SEEELABETTHEKLD AP
xruO—=rr7L, BEFHMEB S URREELR
B, BEMINEEATA200EE Ty %852
ERERE LT

7 ik

AXEDNASATZU—D5MAP 7 O— 0 DB
KEZDNA 54751 =g~y 5=, LTAigtll %
Hwzb 0T, CLONTECH L WA L7, BEH
& LT KIZ¥ROFHHEAKTH 2 C600HA™ % vy, #30
BTS—=rDFA0 T4 — 44540 A
BNNG ¥ 4 7, PALLH) i2hS5 277 —L7% 7
O — 71213 Soy APa @ RT-PCR KT F (#7300 bp) % A
WP S NGLE Lz N T VA E— Y 3 & 55T,
UBEEFT-72DB, 74V % —% 01% SDS % & s,
2XSSC {2 Tk L7z,
EEARIIORE

Bl hoy vy hrsa—v R@MEEY 2Ty
7L, 77—V DNAZHIHE L7, Tz EcoRlLE
Lo bHpUCIBIZY 74 a— =27 L, Dye
Terminator £ 12 CIRIEECH % ke L 7.

Soy AP DHEIMA T T X I FOHEEE

cDNA 70— & LTHEEE N7 Soy APa 2 5B &
HLDDTITAI NRBET LD 28DT T4
-3 L. oI AT—L LT, 5-
GCGAATTCCCGATAATGTTAGGAACGCAAGAG-3'
(EcoRIY 4 b % &1 32mer), S WMT7I74~v—-L LT,

12

5 -ATCTCGAGTTAGACTGCTTCGGCAAAGCCAAC-3
(Xhol % A + % &3¢ 32mer). (DNA T4 75 1) —hb
JUO—Z &N ASoy APTak 7 7L— e LT
HIEZ 4TV, BN ¥ — pGEX-5X-2 ~HlAR AT
GST-Soy APa 7-AREDHIA

FEO X HIZLTHE L/ GST, Soy APa@iés-A
BERBM 79 A3 FEKBE AD202 (CEA L7, B
B 5 D F = (Rep. Soy Protein Res. Com., Jpn. 18, 15-20,
1997) W CHREEHR LA EAREL, WHRICERSN
72 GST-Soy AP OFIEEFER L 720 b, FESER %
HwTtInhzifbse,
GST-Soy APo DFEEL

BARL YT b s E-ET-ARBEY VY T
77— 4B HNTHEEL.
BREMORIE
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ke, EEO A280 ZHIE L7z, 1unit id, REGHT
WAL 001 HINTHbDET 5.

BWREBE

AXE AP CDNA 7 O—>

KA 7T5—r05%, BEra—r 2@xH.
ZOHT, APEZa—-FLTWwahs EEbN 14 Iz
WTIEERWOREEZT-72. ARV I T -V
AcSoy AP7ar DI EFHI B L OHET I / BB %
Fig. 1127R9. A cSoy AP7eci31653bp TH H, 488 7 3
B a—FLTWwW/i, aXAPTHALT )V 1
& OMEMED LB & Bl Met 2> H K 4155 FE DT I/
BARWTWADEEESNL. APILREENTWVS
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ATTCCGGATAATGTTAGGAACGCAAGAGAAGGTCTAAGATCTGTAAGACCAATGATGGGTGCACATGATCAGTTTATTGGTAAGTCARAAGGTGAAGATATAGTACCTTTGAAGAATTAT 120
I PDNVE RDNARTETGTLIRTSVERPMMGASHED G QFTIGE KSZ XKGETDTIUVZPTLIEKTNY 40
A
TTGGACGCTCAATATTTTGGTGAGATTGGAATTGGCACACCCCCACAGCCCTTCACTGTAGTGTTTGACACTGGGAGTTCCAACCTTTGGGTTCCATCATCAAAGTGCTACTTTACTCTT 240
L DAQYFGETIGIGTZ?PPQPFTVVFDTGSSNILWYVPSSZKXKOCCYTFTTL 80
A
GCTTGCTATACCCATAATTGGTACACGGCTARGAAATCAAAGACACATGTCAAAAATGGAACTTCATGTAAAATAAACTATGGAACTGGATCAATATCTGGTTTCTTCAGTCAAGATAAT 360
A CYTHNW YT AZEKIZ KSXKTHVXNGTSCKTINYGTSGSTISGTFTFSQDN 120
+
GTTAAAGTTGGCAGTGCTGTTGTCAAGCATCAGGATTTCATTGAGGCTACCCACGAAGGAAGTCTTACCTTTCTGTCAGCAAAGTTCGATGGAATACTGGGACTTGGATTTCAGGAGATC 480
vV KV GSAVYV KHOQDTFTIEATUHEGSLTTFLSARKTPFDGTIULGTLGTFQETI 160

TCAGTTGAARATGCTGTGCCCGTATGGTTCAAAATGGTGGAGCAAAAACT TATCAGTGAGAAGGTGTTCTCTTTTTGGC T TAATGGGGATCCGARTGCGAAAAAAGGTGGTGAATTAGTT 600
S VENAVPVWFI KMVET QEZ XTZLTISEZ KV VT FSFWLNGDZPDNAZE KT KSGGETLYV 200

TTTGGTGGTGTTGACCCAAAGCACTTCARAGGAAACCACACT TATGTTCCAATTACTGAAAAAGGTTACTGGCAGATTGARATGGGAGATTTTTTCGTTGGAGGTGTTTCAACAGGTGTT 720
FGGVDPIEXKHTFZ KGO GNEHTTYV?PTITETZ KG GYWOQTIEMGDTFTFUVGGV S TGV 240
+
TGTGAGGGTGGCTGTGCTGCTATTGTGGATTCAGGAACATCTTTGCTTGCTGGTCCAACTCCTGT TG TGGCTGAAATCAACCATGCCATTGGAGCTGAAGGAGTTCTCAGTGTAGAATGT 840
CEGGCAATIYVDSGTSTLLAGEPTTPVVAETILINHATILGAETGVTLSVEC 28
A
AAGGAAGTCGTTTCTCAATATGGAGAGTTGATATGGGATCTCTTGGTATCAGGGGTGAAACCAGATGACATATGTTCACAAGTTGGTTTATGTTCTTCCAARAGGCATCAATCTAAGAGT 960
K EVV S QY G EL I WDJLLUV S GV KZPDTDTITCSOUVGLCS S KRUHOQSZKS 320

GCTGGAATTGAAATGGTGACTGAAAAGGAACAGGAAGAGTTGGCAGCGAGAGATACTCCT TTGTGTTCTTCTTGTCAGATGCTTGTTCTTTGGATCCAGAATCAACTAAAACAAAAGGCA 1080
A G I E MV T EXE QO EE L A ARDT®PILC S S CQMILVLWIOQONUOTLZKOZKA 360

ACGAAGGACAGAGTATTCAACTATGTGAATCAACTGTCTGAGAGCCTGCCAACTCCATCTGGAGAGTCAGTGATAAGCTGTAATAGTCTTTCCAAGATGCCARACATTACGTTCACAATT 1200
T K D RV F N Y VNQLCESL PSP S GESVISCNSTLSI KMEPNTITTFTI 400

+
GGAAATAAACCTTTTGECCTCACACCAGAGCAGTATATTCTAAGAACTGGAGAAGGCAT LACAGAAGTCTGCCTTAGTGGGTTTATTGCTTTTGATGTTCCTCCTCCAAAGGGTCCATTG 1320
G NKPFVILTPESZ QQYTILRTG GEGITEVC CLSGTFTIATFTDVEPZPZPZXKSGTPTL 460

TGGATTCTTGGCGATGT T TCATGAGGGCATATCACACCGTCTTTGACTATGGAAATCTCCAAGTTGGCTTTGCCGAAGCAGTCTAATTACGCTTTCTGGAGGATTTTCTTTGTAAATTT 1440

W ILGDVFMPRAYUHT TV FDYGNLQVGFAEA AUV * 488
GTTAAGCGTGTTGTAAATAAGCTGTTATAATTGTAGCTCTGCTTACT T TTTGAAACCACGAATGTATTTATCCATTTAAGACGTAGAAGTATCCCACTTGCAAGTGTTGTGTGCTTTTTA 1560
TATGAARAAACCGGAATTCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCNGTCGTTTTACAAC 1653

Fig. 1. Nucleotide sequence and the deduced amino acid sequence of Soy AP The nucleotide sequence contained in
the ¢cDNA clone, AcSoyAP7« is shown in upper lane and the deduced amino acid sequence is shown in lower
lane. Open triangle indicates putative N-terminal of matured Soy AP« protein, shaded triangle is active
center of Soy APa. Plant specific insertion is doubly underlined. The crosses indicate potential N-
glycosylation site.

Table 1. Comparison of deduced amino acid sequence of Soy AP to other

APs
(%)

BAP CAP HCD RAP YPA BC RR RNAP
Soy AP 616 610 455 610 445 420 469 364

BAP, barley AP; CAP, cardoon AP; HCD, human cathepsin D; RAP, rice AP;
YPA, yeast proteinase A; BC, bovine chymosin; RR, rat renin; Rnap,
rhizopuspepsin

(Table1). FVHI 137457, ¥4 78  GST-SOY AP DFW L B &M

OIS 8%, 69% & IEE ICH VAR A RY GSTRI&E7-AHEE LTAD202 Ex FHWTHEI
DI D &, Soy AP i3, W AP BEO PR TIIMBD w72 e 7 A E I3 SDS-PAGE T# 80 kDa DALE 2
AP L EF Tl b L HEE Sz Y L BRI kBl e, BREIAESMHR SN, HARNICEES N
DENEDHEEDH L L DO E ) PIFBEHINTWER IO ARAERTEILEYTT 74 27 14 — 58 %
WS, ABRBEL NV TRASMARTEEZLDOTHE 74w, [HIZE 0NV Rz 507 (Fig 2). KB
GFLENFELRET L2 L THFHOBIEDE Y EFZpHI3I TAE/O Y Yy 28R L LTRIC S 720,
L MHTH I ENTEICR D, FZTKRIZSoy APa EEA RS b ofz, #2°C, INEELHEL, F
PRBEE A TRRASED 2 ERHAT fbags e ewlAic. HBE L7 GST-Soy APa & pH
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kDa

Fig. 2. Expression and purification of
GST-Soy AP¢ fusion protein.
Lane 1, total bacterial protein
containing GST; lane 2, total
bacterial protein containing GST-
Soy AP ; lane 3, purified GST-
Soy AP with glutathione affin-
ity column.
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Fig. 3. Digestion of hemoglobin with
activated GST-SoyAPa. Lane 1
containing 0.0l mM  pepstatin
and lane 2 without pepstatin.
Both lane 1 and lane 2 are incu-
bated at 37°C, pH 3.3 for 24 h.
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