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Biochemical studies on PV72,a vacuolar sorting

receptor of higher plants
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In higher plants, there are two types of vacuoles: protein storage vacuoles, which accumulate seed storage
proteins, and lytic vacuoles, which are analogous to lysosomes and vacuoles in mammals and yeast. Vacuolar
proteins are synthesized at rough endoplasmic reticulum (1ER) and transported to respective vacuoles. Unlike the
transport of lytic proteins, the molecular mechanism of seed storage proteins is still unclear.

Precursor accumulating (PAC) vesicles that had accumulated large amounts of proprotein precursors of storage
proteins were purified from maturing pumpkin seed. PV72, a type I membrane protein with three epidermal-
growth factor (EGF)-like motifs, was found to be localized on the membranes of the PAC vesicles that
accumulated precursors of various seed storage proteins. PV72 is composed of lumenal domain, transmembrane
domain, and cytiplasmic domain. The luminal domain contains three EGF-like motifs. The third EGF-like motif
was a Ca®* -binding type.

Vacuolar sorting receptors for seed storage proteins have not been found. To clarify the function of PV72 as
a vacuolar sorting receptor for seed storage protein, they performed molecular studies on PV72. They found that
the lumenal domain of PV72 (rPV72) expressed in insect cells bound to proprotein precursor of 2S albumin in a
Ca®* -dependent manner. They analyzed the domain of PV72 by expressing modified PV72s, rPV72 A 3, IPV72
A2,3, and tPV72 A 1,2,3 in insect cells. Then they examined, these modified PV72s with the internal propeptide
‘(the 2S-I peptide) of pro2S albumin, a seed storage protein precursor, by affinity chromatography and surface
plasmon resonance analysis. tPV72 specifically bound to the 2S-I peptide with a K}, value of 0.2 u M, which
was low enough for it to function as a receptor.

Lytic type sorting receptors have been reported to bind to ligand in a pH-dependent manner. Thus they
examined the possibility of pH as a regulation factor of interaction and clarified that the binding of Ca®
stabilizes the receptor-ligand complex even at pH 4.0.

They focused on Ca?* as the regulatory factor for the association and dissociation of PV72 with the ligand
and clarified that PV72 bound to the ligand in a Ca®*-dependent manner. Furthermore, they clarified that the
EGF-like motifs modulated the Ca**-dependent conformational change of PV72 to form a functional pocket for
the ligand binding. The association and dissociation of PV72 with the ligand is modulated by the Ca®
concentration (EC, value =40 1 M) rather than the environmental pH. The overall results suggested that PV72
functions as a sorting receptor for pro2S albumin and that Ca** regulates the sorting mechanism.

As described above, PV72 seemed to be a key molecule for intracellular transport of vacuolar proteins.
Thus, they further characterized authentic PV72 and PV82 derived from pumpkin and found that PV72 and
PV82 showed different characters. Further, they analyzed the binding of rAtELP that is reported as the sorting
receptor for lytic protease. They found that rAtELP bound to the AtPAP peptide in a Ca** -dependent manner
rather than pH. They demonstrated that Ca* is a key regulator for transport of vacuolar proteins in higher plants.
The natural ligand of each receptor is not well known. BP-80 that had been reported as lytic-type sorting receptor
bound both to the peptide derived from aleurain and to that from Brazil nuts 2Salbumin. PV72 which functions
as storage protein type sorting receptor also bound both to the peptide derived from 2S albumin and to the
peptide derived from aleurain. These results indicated these receptors had similar binding site and bound to
various types of ligands including lytic protease and storage protein.

In contrast to well characterization in vitro, the demonstration for the in vivo function of vacuolar sorting
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receptors has been poorly done. Then, I performed the in vivo demonstration of PV72 in Arabidopsis cells.
However, the demonstration of the sorting to vacuoles by such receptor molecules has not been done in plant
cells. To elucidate a physiological function of such putative vacuolar sorting receptor in plant cells, they
produced transgenic Arabidopsis plants that expressed a fusion protein (PV72-HDEL) composed of the lumen
domain of PV72 with a His-tag and an endoplasmic reticulum (ER)-retention signal, HDEL.

The ectopic overexpression of PV72-HDEL induced the accumulation of a precursor of a cysteine
proteinase, AtALEU, which contains a vacuolar targeting signal, NPIR, in the N-terminal propeptide, but not a
precursor of another cysteine proteinase, RD21, which contains no NPIR sequence. Subcellular fractionaﬁon
revealed that that the AtALEU precursor was associated with PV72-HDEL in the ER of the transgenic plants. To
clarify the interaction between the receptor and the ligand, they expressed the luminal domain of PV72 (rPV72)
in the insect cells and analyzed their ability to bind the NPIR-containing propeptide of the AtALEU precursor by
affinity chromatography and surface plasmon resonance. rPV72 bound to the propeptide with a K}, value of 0.1
u M, which was low enough for it to function as a receptor. The association of rPV72 with the NPIR-containing
propeptide was stabilized in the presence of 1 mM CaCl,. rPV72 bound to the ligand even at pH 4.0 in the
presence of Ca*. Deletion of three repeats of EGF-like motifs of the luminal domain reduced the affinity (Kp
value of 1.2 1 M) between the rPV72 A 1,2,3 and the propeptide. Overall results suggest that PV72 homolog(s)
function as a sorting receptor for the NPIR-containing protease AtALEU to be transported to the lytic vacuoles

and that the receptor-mediated transport is regulated by Ca®* concentration rather than the environmental pH.
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M Tt BB ANS BICEETD, BRI VDS N IEE
I G B~ DB L T B B/ I S BB SHL. Precursor accumulating (PAC) /M &fr g & TH
B, BRA LA E OB ERELMA T, BB CEETIRFOLFLAATO
FEHT AR AR Tod, MBI FL RV EORBBHBMEL T F L, L, ERSALTHRNLD
O FOEMELT PAC /MABIZBIETBEAZE PVI2, BRAEIN TS, BFEHE L. (1)
L FETHLN TR0, P AV EOHBERICLETZ 2N LTNDHIEEFEH L, i,
FOREBRBIN L TLACHHSN TOBILEZMBA LK, (2)EDIT, PVT72 2544 9T RS Bl
%L T F— L OB T DL R A0 CREBA LT,

(1)PVT72 BEF XL AVEDRNBREL BT F—ChHII LRI T D720IT, PVT2 D/L— A
KAy (1PV72) DR HME TOREFRBEREHE L, (PVT2 23, 7128 7‘/1/7*\:‘/&:7:/1/*/*7
METEHICHEATHIE, PVT2 127 Eb 200 I N T LER M NHDILEALMIILIC, &
7 rPVT2 O 28 7T IV B K 2S-1 X F IR T DA HEE Sk £ ko F AR EER T EE
(BIACORE)% H WTHHARZEZA, 0.2 pM THY, ZOEIX PVT2 23 28 TV7 I D i 2 Bl 25
L7 — L THEETEDIC+ 2/ NEWE Th o7, EBIZIPVI2 DALY T AR5 ECs i
40 uM THHT LD, BEEHIT. PV72 OF PR E PAC /MBI OYF A7 TN T ML
FENTVWHEDRAMEREBLE,

(2)PVT72 RFORTTZ N, IR EL 72— LT a0 E2E N TIER T

2. ER JE7ERI PV72-HDEL 2 7 SE R 7L RIC K B R BL& W2, B H i K T3 PV72-HDEL &
H 47 WM S 7 F L NPIR £ 0 AIALEU O 7 BN EFHL TCOBILEHLRIILI, T2,
AtALEU @7 ufll pV72-HDEL MEKNTIVFLyZRAEFRLTNAHIEER LI, DI
PV72-HDEL 7%. AtALEU ® N R 7 a7 FRIZL T Z—L L THLDIZ+ S 2RI THALT
WBZEEBALMC LI, ABFZRIE PV72 BAEKNTO, KIEIREL 72— L THEETHZ
LEFMBDTIEBRLELOTHY ., W ~DX R ER%E2EHTE LT, BFEMsND, RRD
—EIERCEEREIC 1 MERINTRY, 2 EARBINLTND, ui@_e#e%ﬁ% (=g =
— B LTEAB I FEMB L ELTHORNETEEATVDOEHELL,

B E O BEEBICE T 0 RRBRELT(D) AL OB HEICRITS Ca A4 DK
£ (2)IACEOEE (3)PVI2 OET7Taric ks TR ATEHEOFMEEIC O W THEM L, BF
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