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Activation Mechanism for the Vacuolar Processing Enzyme
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ABSTRACT

Vacuolar processing enzyme (VPE) responsible for maturation of various vacuolar proteins
belongs to a novel cysteine proteinase family. To explore the active site of VPE and the
activation mechanism for VPE, we expressed mutant VPEs in yeast Saccharomyces cerevisiae.
VPE homologues have cysteine residues and histidine residues in the conserved region of the
polypeptides. We substituted each of these residues, Cys83, Cys222, Cys255, Cys269 and His180,
by a glycine residue to make mutant VPEs. These mutant VPE genes were introduced to pep4
strain of yeast and expressed the respective VPEs. We found that a wild VPE could complement
the maturation of carboxypeptidase Y (CPY) instead of proteinase A (PEP4 gene product) in
the transformant of pep4 strain. Thus, we used the maturation of CPY for i vivo assay of VPE
activity. The mutant VPEs of C255G and C269G had the activity to produce mature CPY, while
the mutant VPEs of C83G, C222G and H180G had no activity. The result indicates that Cys83,
Cys222 and His180 are the essential amino acid for the VPE activity. In the next step, to clarify
the activation mechanism of VPE, we examined whether the conversion of proVPE into mature
VPE was occurred in these transformants with mutant VPEs. The transformants expressing
inactive VPE mutants, C83G, C222G and H180G, accumulated proVPE, but not mature VPEs,
although the conversion of proVPE into mature VPE was observed in the transformants
expressing active mutant VPEs, C255G and C269G. These findings suggest that an inactive VPE
precursor is converted to an active VPE by self-catalytic proteolysis within the vacuoles. Thus,
it is likely that VPE itself might regulate maturation and activation of various vacuolar
proteins in the plant vacuoles. Rep. Soy Protein Res. Com., Jpn. 18, 4-9, 1997.

Key words : asparaginyl endopeptidase, cysteine proteinase, vacuolar proteins, vacuolar
processing enzyme (VPE), yeast
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ZREA VPE OEFBAIRA THORR

t< VPE ® Cys83, Cys222, Cys255, Cys269,
Hisl80 % Gly wZ 2723 > A N5 7 k % site-direct-
ed mutagenesis system (Mutan-Express Km,
Takara, Shiga, Japan) Z{# > CE&RL7-.

ZHE DNA % GALl 7u € —% —OHE|IfENARER
FEI A~ # — pYES2 (Invitrogen, USA) 1207 XEE
(Saccharomyces cerevisiae) WZEA L7, BERRIX
PEP4 #: (YW23-5A ; MATa leu2 ura3-52) KU pep4
¥ (YW7-6D; MATa leu2 ura3-52 pep4-3) @ 2%
FE R,

XE-ABEHRESEHE vol. 18(1997)

EERHIEI D 72  DEEHIE SC medium & casamino
acid (2%), adenine sulfate (20 mg/L), tryptophan
(20 mg/L), leucine (30 mg/L), histidine (20 mg/L)
KU 2% raffinose Zi0Z 725 D% Bwviz, HFEORE
FELSEEIREE T U TR, BEHC 29 glucose (SC-
glucose medium) HBWix 5% galactose (SC-
galactose medium) #f %, —ERHEOEIELTH
fazgEDT:,

HRBts IR DR E A L/ T Oy MR

BB RMEE Y T A E— X TR L, SDS &
INNy 77 —THE LIz b D% SDS-PAGE i
»iF, KT GVHP iz 7oy p L7, —XKfifk &
LTkt~ VPE BENLHIEE1,000501FRT
v, ZXk¥#ifkE LT horseradish peroxidase-con-
jugated antibodies raised in goat against rabbit IgG
(Cappel, West Chester, PA, USA) ZRw7-, #HH
12z ECL kit (Amersham Japan, Tokyo) ZfERL
7.

In vivo BT in vitro ThH ke~ VPE OEEAIER

In vivo TO VPE OEMOEEELT, 147
gy MERZ LD pepd BrOTEEHEERH 2 & B
@D carboxypeptidase Y OB 217572, —RPifk
& LT carboxypeptidase Y WWHEEKLHE%2,000
7O 1FRTHWE,

In vitro TO VPE OIEHHIE D70 DEE L, 11S
globulin OHIERAD 711+ ¥ > 80 % & 1 10BED
T/ BPSRBTFF (Ser-Glu-Ser-Glu-Asn-
Gly-Leu-Glu-Glu-Thr) % F\» 7z, 37°CT0.5~ 2 KFffE
RiG&¢, RIBEORTF FOMEDEFvEZ ) —
ERUKE THRENTL 72,

R EE
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VPE BHFHDOY AT A4 v FuF4+—€ 773
— 2R L TVwBE I LRENTBY, Fig 1 TRL
72 & 912 VPE sh® o I THREEDOE Cys BRER
U His BED S bW FhhSimgEhLThs 2 L8
FHaNn3,

VPE OIFEMEF M DOWTTANS 129, Fig. 1 TRL
72520 Cys BEFE U His #E (Cys83, Hisl80,
Cys222, Cys255 and Cys269) % Gly BEcZE 2 724
B VPE % pepd HRCHBA LK ®2, GEk~7F
FREBEELE i vio TOEERHEEORR,
Cys255, Cys269 2 ZNZTNEZIERE VPE 28 A
Ll R, S BEESHREH S .. ZhexdLl T,



Cys83, Cys222, Hisl80 2% 2 l- R E AL & 1T
EHEARE S hd o,
o Eer B R T VPE 12 & % carboxypep-
tidase Y O EME

BREREAN 705 4 F—¥ D 1D carboxypep-
tidase Y BOERIEIZ 7 X85 F U ERED CRIEFHEI D~

TF PG OYIR 220 CTRBENCERT 3 2 &5
5NTWw3. Fig 2 RERAMI 2 BEARIEN Y 0 7
A4 F+—¥® 1D carboxypeptidase Y IR ITIE
TA L/ 7ay s LIebDTH S, Carboxypeptidase
Y iZ proteinase A KL THREVLT 5 Z L3415
NTBY, PEPL BETIIRBEIBEHEN S DL

Castor bean HETHKSLLFFTNYVLFLVFTLSFLPIPGLLASRLNPFEPGILMPTEEAEPVQVDDDDOLGER! 90
Jackbean = M----------~- VMMLVM- LSLHGTAARLNRR- - EWDSVIQLPT~ - ~EPV-- - -DDEVG 68
Pumpkin ASPSTSSLL- - -LLLLLFLAYGGARAVPWDRWERT IRMPTEKGELVDDDDAAADDKKLG! 87
Soybean WALDRSIISKTTWY SVVLWMMVVLVRVHGAAARPNRKEWDSVI - KLPTEPVD-ADSDEVG! 88
Arabidopsisf A - ~-KSCYF----RPALLLLLVLLVHAESRGR- - -- FEPKILMPTEEANPAD-QDEDGVG! 79
Arabidop T VVSFLALFLFLVAAVSGDV- - -~ IKLPSLASKFF~RPT---ENDDDS| 72
Arabidopsis-y JT- - RVSVG- - - ~VVLFVLLVSLVAVSAARSGPDDVIKLPSQASRF F-RPAENDDDSNSG] 83
Citrus fTRLASGVLIT- -LLVALAGIADGSRDIAGDILKLPSEAYRFFHNGGGGAKVNDDDDSVG! 88
Vetch seed GSSQLSTL-- - -LFFTIWTFLTVVSSGRDLPGDYLRLPSETSRFFREPK--NDDDFEG 84
H180G
Castor bean 180
Jack bean 158
Pumpkin 177
Soybean 178
Arabidopsisp 169
Arabidopsis-o. 162
Arabidopsisy 173
Citrus 178
Vetch seed 174
Castor bean 270
Jack bean 248
Pumpkin 267
Soybean 268
Arabidopsis-f 259
Arabidopsis<. 252
Arabidopsis-y 263
Citrus 268
Vetch seed 264
Castor bean [FPPNNAH- - - -LNAP-MEVV 355
Jack bean IF PPHNGN- - - ~-LEAK-MEVV 333
Pumpkin ILPPYNGG- - - -LEMKTMETT 353
Soybean NFPPQNGR----LETK-MEVV 353
Arabidopsis-f ILPLNELP- - --AKSK-IGVV 342
Arabidopsis-o. FTFUNEN----SIRPPSRVT 337
Arabidopsisy WFTFADAN- - - - SLKPPSRVT 348
Citrus YTFVDEN- - - - SLRPASKAV 352
Vetch seed INSFVDETENSLKLRTPSAAV 351
Castor bean BOLYK KKEILQQIKDAIKH QLIGD: p 445
Jack bean MYQRSNHQPEKKTHILEQITE LI ] 423
Pumpkin MYRKLEEGTNERAEVLEEIRETL RMIGF! p '~ 443
Soybean MYQRSNHQSENKTDILKQIAE LI P 443
Arabidopsisf IMHRTSEDGSRKKDDTLKELTET LIATIEFED 430
Arabidopsig-o KYQKAPEGSARKVEAQKQVLEAM: LLIGI A 426
Arabidopsis-y KYRKAPEGSARKTEAQKQVLEAMS| TLVGKI 438
Citrus KYRKAPEGTPRKAEAQKQFFEA KLIGKL] 442
Vetch seed YK FRKAPEGS SOKNEAEKQVLEA 1GQ! 441
Castor bean ¥ SGHD- - AGQWHPTNGH v § 497
Jack bean D--AGLLYPSNT) 475
Pumpkin (GRRRYGGVWHPSNK] 497
Soybean --AGLFHPSNR] 495
Arabidopsis-f SEARYTVHPSIL{ 484
Arabidopsis-. {PTIP--TSPWSSLDR] 478
Arabidopslis-y P--TGPWSSLNR! 490
Citrus ENTP--SGPWSSLDK 494
Vetch seed IP--ANPWSSLQGE 493

Fig. 1. Comparison of amino acid sequences of VPE homologues. The primary sequences of castor bean VPE (Hara-
Nishimura et al.'®), soybean VPE (Shimada et al.?), jack bean legumain (Takeda ef a/.'®), pumpkin VPE
(personal communication), Arabidopsis a-VPE, f-VPE, y-VPE (Kinoshita ef a/.*®), citrus vacuolar process-
ing protease (Alonso et al.'®), vetch seed proteinase B (Becker ef al.'") are aligned using a program of
GeneWorks (IntelliGenetics, Mountain View, CA, USA). Shaded residues indicate homologous amino acids.
Each residue of Cys83, Cys222, Cys255, Cys269 and Hisl80 (indicated by bold) was substituted by a glycine
residue to make mutant VPEs, C83G, C222G, C255G, C269G and H180G, respectively.
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Fig. 2. In wvivo processing of pCPY to make
mature form in proteinase A-deficient
strain transformed with pYES2-ppVPE.
Non-transformants of wild-type (PEP4)
strain (lane 1), proteinase A-deficient
(pepd) strain (lane 2), the pep4 transfor-
mants with pYES2-ppVPE (lane 3) and
with pYES2 (lane 4) were subjected to
SDS-PAGE and subsequent immunoblot
analysis with CPY-specific antibodies.
pCPY and mCPY indicate CPY precursor
and mature CPY, respectively.
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pVPEsc

anti-VPE |
mVPEsc
. pCPY
anti-CPY mCPY

Fig. 3. Expression of five mutagenized pVPEs and
their conversion into the mature forms.
The pep4 transformant with each of wild
VPE (lane 1) and the five mutagenized
VPEs (C83G, lane 2; HI180G, lane 3;
C222G, lane 4; C255G, lane 5; C269G, lane
6) was subjected to SDS-PAGE and subse-
quent immunoblot analysis with VPE-spe-
cific antibodies (anti-VPE, upper panel)
and CPY-specific antibodies (anti-CPY,
lower panel). pVPEsc and mVPEsc indi-
cate VPEsc precursor and mature VPEsc.
pCPY and mCPY indicate CPY precursor
and mature CPY, respectively.
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