Reviews and Monograghs Eud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12023,50(5):926~937

www.pibb.ac.cn

ZBEMIRIBEASMEVIC E5 & fIThaE”

AR eb T

(KA A Ay, Kt 300072)

WE R (P) REEAEYRPHEE A2 RN SR, HIORERESE S SSAREWEELA1E (Fanconi
syndrome) . AHYE KB E MM AEWBOLEZMINGERTL. N T 7 P04 YA T SR NI P,y J3 338 =5 Ay IXURS: 22 1] 51 357
i, ML TN L B EREE (polyP) MIE=UHE PAK A6 LS, & R A5 /IMARE AN BT 25 v o R 2R VR I 5% 12 R AR 1R
(vacuolar transporter chaperone, VTC) & A4AE K CMN HAZ A W) 2 REE IR L R A, FIFH ATP AT & 1 polyP, I4%

HHAE BIWOE P AR LR AN PARZS . ASCNGERARAE . polyP 5 M polyP ¥z ML A5 Iy T/ 21 1 VIC Z A R4
FIFIEHRER T WT Tt , & A T ol ARS8 VIC S RMZHE R, IFRN T VIC RS AL .

KW PR, VICHAIA, PolyP, ZHHIFFE, HifkpolyPla stz

FESES Q518

BEEAE A S rh A O 6, ERAEY IS
Yy A% R AN 20 M RSl Al 1) S B Oy, AR A
i Re A G A EAA Y BT = BRI (ATP) fY45Hh
TR, WIEEh Y EE A W . HARA
REZBBEUANFIER TSR TO Y. 5. A
frp, HAEDBEEER, RELTCHLBERR R
(P) WPIE AR BT AI T . 4 M X B R 6 1Y 75 5K
B 200 A AR DL R AR AT AR AL, TR L5324 1R
(1) S I X DNA S il 173k B W F o SR T i 2k 2 e
A RZAT RSOV B 1), A BT v i it A IR R
2 DR T TR A At S 7 )P L R AN R L 1Y) 1 El
AE, AT SZIA A DG A A A 3 200 B e IR b A
ARSI AML R AR R 2L, TR R B 2
) 40 e A B sh DT A A B . IR, 4l
MuFT LA A D R ER AR, TRV L H PR
WAETR AR oK 1) [W] N BT 1 2 L J5 v 7 A= ek 22 ) iR R
X AR A o IR ER RS TE T A A R
— 2R R, HI RS S R BMARE
URHEZEGAE (Fanconi syndrome) | A4 IR
gz O ¢ S 2 M REETL .

HEPRN A ZIRAEFUR B R . 7
MUAZTE, 40048 (AZE) AT LU S
b Y8 A R A R A B PR B 0 AT

DOI: 10.16476/j.pibb.2023.0155

AT IR B & th il KA B R P45 o [
B, NGRR3Rk A2 0757 0 P b 2
(XPR1) 7, X EBEATE AT BELRFEXT 2K P I
BR3P . ATER S, XPRIWHE & M5 PIE S L
INE R EOSCA S L X RYISR, YA K
T KM P, (HRZE L P KT EA R
1), JFEAREIARL ™ S T AE AR R AR v IR
AP ESR WA, M T KA P,
WCR s ey, i HEfl TR Ze IR EERLE]
240 PAEAEAERE T, AR X 135 PG AR fLtR
Ao B, KEB (590%) WiEs ) P A7 AEH
Py 240 B 0 ORI O A B A G R
BErfr, PRI ARIBCRVGA A7 2 28 PR B IR w7 {555
W (B PHOE M) /v M. 7EP S BYRE Ol
T, PHO#EIN T #Efih 'k , %I\ TI=H —4 51
PEE PARAFI P A AN . RV EERE, Pk
IR GEH 448 S FE AR PG is B VAR, I
H 2 MR PR iEEE B, BV Pho87. Pho90
i F Ik 1T 2 B SR AN ) P iz 2R 1 Pho84 Al

# EFRH AR S (31971127) RBYIHIH .
s SRR R

Tel: 18858196912, E-mail:sye@tju.edu.cn
Wk H 3 : 2023-04-06, 432 H: 2023-04-20




2023; 50 (5

X5, % SREBHRHRAMVICESHRSERFIIEE +927-

Pho89 Hi PHO IR A2 17 ' SR BN A 2 AR A
J1 P EEHUR GE 1 Pho9 1 $5 3T 85 iE A F W I I,
2 5% P S B M T Y AR,
Pho87. Pho90 il Pho91 #f H. A SPX £5 i, %45
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Fig. 1 Domain composition of VIT'C complex subunits
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Fig. 2 The crystal structure of the central domain of Vtc4 that combines different substrates and products
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Fig. 3 The structure of SPX*"* reveals a conserved ligand binding surface
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KM polyP A A%, LAkt MK TP #E)S P, VTC
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IEHE (TM1~3) DA FRAY Ty Rl %e, TE A IE
TL R AR LS A I, Vite3 Y I T 45 He) B AT Vied fiY
i IS 45 44 I AR X AR 0 SR R AR, R R
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Vel &AW HER UM Vicd/Vie3/Viel E AR H
A 2E T FE A 2 5 2
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il S VIC 2 AR BG HLHIHEA T T8F9E . 4540
TR polyP A Bl 3 56 4B S F5 VTC B EK polyP 2R 4 il
RGBS M. RIS, R 264k i W A 5-InsP,
DL % 1,5-InsPy %5 A4 BEVEFCARXT VIC DB SR IT T
WFoY . a5 LB, 4ifbi) VIC Z AR LL ATP-FIL
M2 B LY (PP-InsPs) HKH#i Y 7 204 A polyP.,
=0 &, HA Vicd (1) SPX 45 k4 35 X} F
polyP i 4 K Al PP-InsPs & ¥ & £ X HZ Y, 1
Vte3 3 Z 38 i BE R 1L 1Y loop R polyP H & Al
ZEER T, BB IXIE W — > polyP it £V A, W]
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Fig.4 Structure of the intact VI'C complex
B4 TEVICEAEMLEN
(a) HEFIEA (Apostate) [Vitcd/Vie3/Vicl & A 14%5H) (PDBID: 8I6V). (b) HAZIEHIGZ (apo state) FIETGA: (InsP,-activated state)
HIVitcd/Vic3/ViclZ 5 1RE . (c) #ifAS (InsPg-activated state) FJVicd ™A RAERN i3 vicl 44454 (PDBID: 7YTI).
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38 A7 T JEE X6 R polyP 3 T8 B TS, R A B Y
polyP G T — A 1F HL PR3 e, 2 BT LK S
A5 G R o Vied 7K P BRTiE LA K 7 3 (1] 22 %6f
PRSFIERIFIE LAY B 7817 4 Bh THR5E polyP i
ERY IR . FET U S Rhhefs e, JHm T
—AMEAE VTC Em AL AR

FEAE R R 2 E X IR Y S, AR R
I Vicd w0 25 4 38 1) = 58 48 (R264A/R266A/
E426N) F1PP-InsPs (DAL InsP fi#E BT 1 4k
TGN VIC HI45H . ffiTA 3K, PP-InsP HJ&
B Sk 45 S AE SPXY, i IE SPXYS, KR HA
SPXV & ¥ &M PP-InsP {5 7 Y DI BE . [IAEHL, 1E
HAAESE VTC I polyP (A UMEE 12 . HAh, 1E
Hia H smFRET £ R, TEHL.0 7K P05 T VTIC
BN PP-InsP {55 J5 25 M 1 sh 5781k o BF98 R 9L,
PP-InsP YE M550 F, E45iG Vicd, @i ik
¥, B VIC IS &AL, i polyP 6 L4
o g 1) B R A SR T, VTC M ) S T A8 i i
A, JFR polyP A i 55512

FSRIX PG G2 m FEARL Y, (R A —
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BRIEAR DAL & =R EE-Mn™, XATRE S E G
B PIEMERIAAHOC, AHI, 7E InsP 256 M90S
A, Vied HuL S5 B IR T 488 — 1 InsP,
A didE, X EFERE N 1T mmol/L (1) InsP I IE A=
PR BT S BN AE R R A o BRILZAN, Shkrh
WEE TN 24 InsP T, 1 A5 A TE Vicd SPX 45
PSR A LR 2 iR (PP-InsPs) 4543, 74b
L4567 Vie3 il Vied i o 25 F iz B), vl R
fRiE TIXMASE RS E (F4), Hik, 7e5E
VT S s i S T )N T AL, 7E apo state H, Ve
() — B K FI25E  (horizonal helix, HH) #8576 A
M, % polyP MU, I, 7F InsP 256G BT
S, WIANEBERER S FEEBALL (Bl4),
K, 7Eapo state 1, FH Vtcl B M42, Vtc3 fJL716
F Vicd 1 L640 211, T e i il B i e A i, HARAY
4 A, /NFpolyP iyfifipk 42 (3 A), AR
polyP i &, 1M 7E InsP 45 & MG A, Viel 1Y
R31, Vtc3 iy R709 Fil Vicd [ R629 4 ¥, T %12 3 18
78 i, BEARCA 3 A, [FAEMAS LT polyP il
. A, TEapo state 1, PIRPE K Vicd/
Vie3/Viel 24 H A 58 4 1 polyP & BUiG ¥, AH
K, TEInsP 45 A MEER T, &3 DNRZEW
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WESEAIERR . T TR RS S R T 52
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Fi 1) 1 polyP 3R A il & — P K BUB &R 1 2 &
Yy, BWIRiAn 4 VTC 2 78 polyP B4 B\
AL TE PERE B E Z BT, VTC B4 Wk P& V-ATP
Pl e PR RIS i« R R Rl A AN Wi T L T
[y B3R HRTIEANE A2 polyP i 2 VIC &
BYAGSE TR, VIC & A IRE A E—
EL 0 Y LA A W polyP A, A ATP 78 i 5 vh
A polyP, FKs HIL 2 B A7, LAEREAN
N PRaZs . Wk, VICE AR EA polyP &4l
LR E DI RE . EARAEN, VTIC R GYIm)
T2 BN R SRS 5 0 T ROVR Y,
At . P H LB 2 iR L (InsPs) AR £
WEfRER (PP-InsPs) %, ELKRHSEIFRINT .
3.1 VTCE & BEtpolyPHI & B FAFEiE

VTC & G RAIE—A polyP A, i E—

7

HUL B (Vied) \ -
CHEAL R

™
Y
Y

T R3e1 Y359
%‘ R266
E426

A~ polyP ¥ i i .k T 3E 52 polyP £ Jfd 5 H 4 FH 24
XA AR EVER, polyP BO-A AN ST NG iz
IR 2 > FOm RS B S S5 Vied/
Vte3/Vtel 52 £ 1A (9 25 A4 41 17 Wt S 355 37 £
B B,

TE 583 Vicd/Vie3/Vicl B ARSI T, Vicd
) O 8 R Sl R RS 25 A R A T R ) (JS) .
Vicd VER AL L, 17155 polyP A AL, Vicd milkR
2 REARANAE N polyP & i . Vied HULZE IR
R IECIR 485341 5 AR 2 ORSF IR 2 R IR (K200,
R264. R266, K281, R361. K458) . # & MR
(S457) MIEEEmR (Y359), XELEHEMRCLBE
SEAE polyP Al h B EEAEA 7, —BrihA
Z ol Mk & R (R196, R253. K256. K291,
K294, R373. K428, K455, R618) ZH Mg i
Yrid T8 HE T Vicd HH U G5 K6 S B0 T35 11 457 15 0 55 et
WIEA L, KR EAE B polyP il BE M 38 38 17 1 3]
PEREEL, AT o8 RS B s . X — 25 AE Bl
polyP & BRI iz ) AR LA $2 4L T HR S RE . [\
ff, X SEpi PR IR 5 A8 IR M 2 FE et & 2 pIE
SIEREHS i 2 B AIR A0 PN polyP A it 0,

polyP& 148

&; o’ R264

K458

200
S457
K281

B 18 H 1 (tunnel exit)

polyP#% iz i iE

Fi%3& A\ [l (channel entrance)

Fig.5 The structure of the Vtc4 /Vtc3 /Vtel complex supports a coupled mechanism of polyP synthesis and transport
Bl5  Vted/Vted/Vicl E G R L5105 FrpolyP & B AN #51E B R EXAL HI
Vtcd/Vic3/Vicl B & I i 45 4 9k [ apo state (PDB ID: 8I6V) ., PolyP [ 45 ¥4 3K [ polyP 45 & 1 Vtcd I O &5 K S 1) i AR 25 49 (PDB 1D

3G3Q).
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Vicd, Vte3 Fl 34~ Vil B #5 IRIRE A X AR i)
T HES R R R AR . AL TM L R TiETE
BIRAE AR 14 PN BRE K polyP #5312 (A%l i, FA4
AP FE ) TM2 FI TM3 BRTETE B B A 1A i AP IR
N . 7F apo state il InsP,-activated state % ¥4 /1 ,
T i 28 S HARER/NT polyP HAR, KL, SRR
iz M E A Ui polyP it o RIS AZ L, FESE
M iz 3@ 1B A T4, 7F apo state 1, Vicd [
— B HH S 7E A 1, 357 polyP IiE A, HHJ,
15 InsP S5 A G 25, 2N BERRER 0 FAE I IE A
Fab (E14). BT 2459 R A W Zh gtk
&, Fs 2 SR G,

ARSI B, BRMERIA Y Vied HO 45
R ARMR Y polyP A Bd PE, T5EHE M VIC &
AR EARm s =2 mEAL T £
TR VIC EA 1, #594 VIC 25 R
B L 100 £5 19 polyP A LE PE 2, 3 %
VTC & A R 58 AL 16 PTG 2 — > 58 2 (1) il A
Bo UL, $2i polyP & LRI iz A B IBEAIL It 2
A, Hodpok [ B X 0 9K 8 18 R AR
polyP BEfr A 5 i@ 18 17550z, IRl 6 L 1)
REY PR IER LT OHES , IE RS
SN
3.2 [lEESHEEREE (PP-InsPs) iA#ZEpolyPRIA R

VTC & A AKs i V812 polyP (194 W%t T 443540
MIN PARS Z LTI A3 SPX 45y H e
W R AR PARAS il R HEE EEAER
B SR IR B SPX S5 A B AR 18 5 1 W IR i AR &
AEAHEAERT, (HXF PAS S R B AR NI R S M A
FaME 28 PP-InsPs L4 /& 30 7E 2 il I8 &) F1 0 3L 30
YA M R ER AR S R R A HEAEH 2, VTC
324 R polyP G BT PR ZE AR P2 JUL IS FE Wl R 26
(5-InsP, #11,5-InsP, %5 ) AYIE4E 28, [A]E HILEE MR
i (InsP,) W& BAEARSMAE S HI VTC &A1k
A W polyP 2% 3¢

SPX S5 M AF1E T s EAz A, IR EA S
[F] () P 9 FNZE A RAAE , DRST RO IR B ST L
ZHERE AEEREIRER W = R ) CEAUEER) 456
frmi 2 alifbny SPX 25 S 7E 45 5 A Rl L EE 2
IR ER Bl AR Eh AR A T 2 I AR X AL IR AY 2B
BEPE, JEH TSR B S P i v e gy AT
FAIK (InsP>InsP>InsP,) ', 5K e £5 1 JE Al i
WIXE R, AN [) S A A A8 8 s 7R 4 o 22 S AR K
B, VTCHE ML 1,5-InsP B ZIE , (EPlET
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Graphical abstract

A model for polyP synthesis and transport by eukaryotic VTC complex
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* The intact VTC complex is a heteropentamer composed of one Vtc4, one Vtc3 and three Vtcl subunits.
* VTC complex coupled polyP polymerase and translocase.

* PP-InsPs serve as high affinity stimulatory ligands to regulate polyP synthesis.

Abstract Phosphate (P;) homeostasis is a tightly regulated process in all organisms. Dysfunction of P,
homeostasis leads to renal Fanconi syndrome in humans, severe growth retardation in plants, and lethality in
microorganisms. To achieve a delicate balance between the biosynthetic requirements for P; and the risks of
excessive cytoplasmic P, unicellular organisms maintain important P, stores in membrane-bound, acidocalcisome-
like organelles in the form of inorganic polyphosphates (polyP). As the only known eukaryotic polyP synthetase,
Saccharomyces cerevisiae vacuolar transporter chaperone (VTC) complex synthesizes polyP from adenosine
triphosphate (ATP) and translocates polyP across the vacuolar membrane to maintain an intracellular P,
homeostasis. In this article, the latest progress on the structure and function of VTC complexes were reriewed
from the aspects of structural characteristics, polyP synthesis, and polyP transport mechanism. The focus is on the

recently published intact structural of VTC complexes and exploring the activation mechanism of VTC.

Key words P, homeostasis, VTC complex, PolyP, structural characteristics, coupled polyP synthesis and
translocation
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