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Protein Targets of Vanadium Compounds and Their Biological Effects
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Abstract Being a biological relevant element, vanadium-based therapeutic compounds have shown unique
potential application value in the treatment of different types of diseases such as diabetes, cancer, Alzheimer’ s
disease and neuroinflammation. Research progresses at current stage indicate that, the biological effects exerted by
vanadium is mainly due to the influence of vanadate as a phosphate analogue on the intracellular phosphate transfer
reaction, as well as the regulation effect of reactive oxygen species produced by the redox conversion of vanadium
inside cells. The interactions of vanadium compounds with their intracellular target proteins are also considered to be
a crucial factor in their therapeutic action. In this review, we summarize the chemical properties of vanadium, the
research progresses in the interactions of vanadium compounds with serum proteins, the regulations of vanadium
compounds on their intracellular target proteins and the relevant signaling pathways, as well as the progresses in the
identification of cellular metallodrug-binding proteins, in order to systematically reveal the bioactive mechanisms of
vanadium compounds in disease treatment. The directions of further exploring the action mechanisms of vanadium
compounds and their medicinal prospects are also discussed.
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Fig.1 The chemical properties of vanadium ions. (A) The
redox conversion of vanadium ions in biological systems;

(B) The structural analogy between vanadate, phosphate
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Fig.2 The binding modes of VO* to the site C of hTf (A), to the MBS and NTS sites of human serum albumin (B) ,

and to the different sites of IgG ( C) and hemoglobin (D) as revealed by computational studies
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Fig.3 (A)Schematic presentation of insulin signal transduction
cascades and the possible action mechanisms of vanadium
compounds; (B) The physiological signal
pathway involving PTP1B

HHETA R BLAL & Pl PTPIB A9 LI A .
(1) FEF LR AR AE Sy il T2 AR 2L 4 T LA X 7 AR
Z 50 OV AT T, 52 0 B R B RS il ok 7R IR
M st gt BF R A — 1
Eﬂh BA A — AT, BT LA PTP 30 P 47 3l

I 2 1) R T AR 1 = AR A R, AT
jvﬁf”é%ﬁ@\T@%uﬁ% () PTP 30 i
I (2) T HUAL A x4 i R R R S
B E 5T D g, B AL & W38 o OB LIS PR A R
(ROS) k] PTP1B By Py W4 Al 336 A 1k, #l1k
AW AE NI N 8 4 2K Fenton Jz W #1540 58 T 15
+4 M (VO™) F+5 #r (VO,” ) Z [l %5 4k , A= i
ROS W] LA #2804k 2 bk 22 2 5k %, A0 4% PTP ¢



http://www. hxtb. org

f2FE 2023 4E 55 86 & 55 1 W) .17 -

SHETE P BB AL Y e 2 R, B R] S BOAR AT P Y g
K& 3 BLUTZ Y PTP A

BT ML 5 HCHE JRASE UL ) LAAE A4 PN S0 45 5
il PTPase ¥/ , X PTP1B F4 4% 5 Pk 40 i vl 7 7
i i 2% BBV T, {E O we i R Y LB BUBE IR
o N, T LA SFLAR 5 0 180 088 DR e 2880 2 — 4~
ZY R ARER
2.2.2  [FURWERR M -5K 1 A

BERAEFENFSRRERZ — TEA
A Wy e B S A I R R Tl T il O W 1R A T 3
S NE H Y G SHE T S BB IR L AT A S I A 2 B
Tt 1) Tl 1R A/ Ot W98 1R b T IR O D o 40 L N 7 2
ol {5 5 3 I, 0 2 AR oy 0 T VR R
fiff-sk f1 E H ( Phosphatase and tensin homologue,
PTEN) {ii T i & 2% {5 45 38 % OC S AKT i
i U (IR 3 (CA) ), PRI I 48 R A S 8 DR A |
DRG0 B 96 AR T RS A B )z e T BN
PTPase [{)— 7, PTEN ] LAfE T 0 15 % {5 5 58

% 0 /) #5 B8 {5 5 4> F PIP3 ( Phosphatidylinositol -

3,4, 5-triphosphate ) , fiff I8 % i £k, DA 1M 5 2508
BHRES MBS [/ PTPIB —F  PTEN X Fi
T T ) 9% P A5 A7 TE 2 e 2 1R A R AT Bk PN
(4 H,0, Al S AT B ai s L Rk, #L Pk
AT LLGE o 77 4 ROS 3K A PTEN 1 H: 37 8
2 e U2 1 Ik I 480 AR T 4 ) PTEN 19 3% 4, AT
i e 5 2R AT S0l B O . BERHRGE — RIS
BRI AT HLBLAL & 95t PTEN 36 A3 7R G (%) 30 il 1
JAEO ) Horp R R L E R $L4E 5 ¥ VO-OHpic
TE 2N BE 7R Vi B2 2% 53] BRI XF PTEN 7 2B R 7 1 411
i, 30 G W 40 B Y PIP3 U B B0 AR B
AKT BERR AL, I 58 i 20 % 77 25 0% 04 Wi e, R 3
HARSE 9 25 AR o e Ah e 2 IEE S h
L& YR B3 AL PTEN 3R3K 7K 1EH
T R L L 0 P R ST
2.2.3 % HE-6- Tk R

# % WE-6- BR I ( Glucose-6-phosphatase ,
G6Pase) , i [ & 2 RPN 2 BUME bR s & i 19 6
TG, HCRE TE T 2H 202 b K i A 0 -6-
72 ( Glucose-6-phosphate , Gle-6-P ) B Jil % 4 % A
I, 2 S A 10 G R B, 7 aWE - bk o DG BEAE
F . G6Pase /K fif B e i 4 70 1 IS W), 20 45 1 R
I H BEREIR . AN, G6Pase A 3 B H B Bl 17 %
it % V|, E A% DA 4 W R A% o i TR R R A PP
H & ¥ 6-#% 2 ( Mannose 6-phosphate,, Man-6-P ) |

U B R 5 A L Gle-6-P 53 A, B 5% WL % £
G6Pase i1k 75 25 #H Al Gle-6-P 22 [a] B8 38 e )2 o7,
T UCUE W% P 1 2 1 )R X — BL B
Z PR RS G M — 3", G6Pase SR R
YEHI0 B b, 78 w08 R 28 & w3 i LB 1k 7
AR L TE I BUME PR R R A I #
G6Pase 3R K5 Fh &7, T B0 U5V ) %5 0 A 1
I R T RURE PRI (15T BAE 2 R k(A
XF T LA S R IE A A R R .
T G6Pase T L5 4 A M- B b O E T, EIR T T
T 2 7 s B 0 o 0 42 £ v ot W 9 BB L T AL
T2 0 — Tl A BT ] R0 A Tl IR 0 A 50, AT O
1% it P [R] A, AT BT 40 ) G6Pase FA B 182 /K fi%
B 2 e o I 935 P 18 mT BB R 50 2 B, 9 b AL 1k
AW R A L (VOS0,) Ml Z Bk 7 R A HL (VO
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a4+ PE (uncompetitive ) #1151 B 1R & F, VOSO,
55 W) H A -6- W IR 55 P M 45 & G6Pase 1Y AH A
i s, P & G6Pase (9 3 4 1 41 i 715 1 VO
(acac), X G6Pase A M6l E I, #4 R HH A T
T e PR R 0 R (BB VO (acac) , W JE 1Y
B, 23 A S P B SR £ - ) 2
Y, £ AF AR S P M H, X E S VO
(acac), YEN G6Pase MHIFIRB LIRS EH .
2.2.4 3 SR W T 1A 1 B 0 UG A2 AR

TEWE PRI AH O 1 e s DR 7 by, ol S A0 4 i 1A
BT WO % 1A (PPARSs) 75 2 5 4 % 0%/ g AR
TR 98 A o P 09 e DR R4 S G AR 5 B T
PR AR, © R A 0 24 W) T i) T
HLALER T PPARy SR TR B Y e S 1A
TR T2 RS, e LI P I 4 R G
A0 O 2% B PPARy B9 SIS AT R R AE
B WS WL, AL A RT3 A0 PPARYy
(IR A, B8 PPARy #3157 ¥ PPARy 1B
TR L (14 2 A B 4T 6 3 ok R4 L B R R T
IEL EZYP AR 2 (TN

BHK 2 (Adiponectin ) J& —F 3= B3 1+ Jig 17 4H
JEL - Y B BT TR T RE S 2 2 AUKE IR
g T JHE R0 B bk ok A A Ak Y A 2L R R HEAE R .
REEE R TE B 22 AR TT DL BOGE A A B AR S 1 AR D)
WP 0, R PR B VE T . PPARy 52 3 19 IR HK
RRE ARAEMSWE FEES 535, PPARy
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R T A S i TR 2R DR s il o e SR O
HLHT L V8 i 186 3R A KSF Far i L g R WL, &
5 P R SEUELTT 98 PPARy 35, DT I HE R B
kM R, ML A Y% PPARy 194
EEALH T B85 4115 5 Hsp60 5 PPARy #H H/EH
MR IR PPARy YR fif A G BLAL A P 4k
AU PPARy 75 41 9 195 s 35, AT vl fE 2
I 3 B A8 AL R X R AT R A SRR R,
LTS R B n] f2 i PPARy Ser122 {37 s (1 85 R
b EBE B 1k 26 1 7 8 PPARy 2 0 LU i A
FAAL, HARX S 215 5 19 PPARy B R fL 7K F
AN, RIS WA 2% PPARy B 12
TR 1 8 N AR S i, T O B o R B R L E
PPARy FCK 5 5 19 PPARy 3647, L oh, BF 5T
&I AKT/mTOR ( mammalian target of rapamycin )
75 53 B FT X PPARy A HEAT IR 7 R Bt T L
it B T B WIS B LA B W T A AKT A6 Y
Bl S A AR R I K 3R O R RN L A e A Y
AKT (#3005 7T B 5 80 PPARy KV 1948 7H, k10
A BRI 3R (0 240 I K- RS il . LA B WIS e D AL
5 Wpad it PP ARy AR 4 6 7 108 1% 0 5 FL I b
PR TG PE R AL R A 1B UL AR (P 4(A) )

BA] /R 9% i BRAE ( Alzheimer’ s disease, AD) J&
— " P 2R AT MR L R S R )
FAETTOT ) B AD BB TE 0 R R A B )
( Endoplasmic reticulum stress, ER stress) e &
JE TR A OCHEE YT PPARy /Ry — b
PC AT B9 % s 1, 2 508 AD By Y JBE R )
W O A ko 2 O Y R K R 4 R
Gy BA R ER], R 2 s B AR = — A
HIFCH AD RIS  IE B S R Sk G

A
Blood glucose |

@ Insulin
Adiponectin{ ’7 IR

cell membrance

P

© .
d

Y BEOV n] it = H LA AD AN (3xTg-
AD) (NI RE T 5 1 35 A AD /N B 9 ER B
H 1 Bip KF, 06 ER A 5E elF2a/ ATF4/
CHOP {5 53l % , T4l AD /N EUG 9 ER 1 3
B9 Tk A R TA O R B R R GA A4 cleaved-
caspasel2 cleaved-caspase3  Bax & [ 7K - [ B AIK
FHLF T 8 11 Bel-2 /KT 093 & 5 3 78 BEOV )
) A P 7 38K ) 4 A 4T S 56 A B 28 0L Y 4
Heo AT PPARy $0H 5 BE W7 A5 24, W) BEOV A
FHEAT 2P EH L 3R BEOV i i PPARY /i
SHM AR (E 4(B)) P,

FE M BH 28 AR AE 7 TH, B O R AR SR MG
/I 8 J5T 200 i 0 er 23 51 K 3 PEAR RE SN, TE
P2 AR AT P A 0 B AR B 2 o R 2 G B A 1R
™Y F 25T R W, PPARy BAT 4 28 47 4
PURTEYE, W PPARy W sh 7 Al Z2 /% AR B LPS 5
S BV2 /NI A0 A RE T 3 W O kB
PGP BEOV XF AR Y BV2 /1N 5T 240 il &
H1 APPswe/PS1E9 5 L R /N B Hh 9 4l 28 4%
B 4R AT e 5 0 20 A o 0 2 4 AE 48 i
7 Wb 98 3K B8 B F-a ( TNF-a0) | 9 41 A -6
(Interleukin-6) #l F 20 g A Z - 1B (Interleukin-1B)
(7K | BEARAR 28 9 A T L, (35 5 3 A — 4
LA AT (INOS) (3R & & -2 ( Cyclooxygenase-2,
COX-2) W3Rk il AR 55 (1 NF-kB fi& & ¥ 5%
K15 5 38 B 1 30, OF LR PPARy B R
JK-. PPARvy il 71 7] 815 NF-xB % 1 7,
FH ARG S B P IkB-o B BERR AL, T BT T
NF-«kB p65 &5 [ 19 B BR £k AR % 47, 0 20 2 R A
JE AT P T 7 A AT 03 AR I i 2
RAECT(E4(C)),

c
|
PPARy 1 |
PPARy |
ER stress J_

elF2a/ATF4/CHOP l
signaling

!

e R \ [

|

’ §

Y
(iNOS, COX-2)

\( st12- (P ®
I

PPARY
degradation
biological effects
—————————————————————

Y
TNF-q, IL-6, IL-1
Apoptosis | U LIUAN
(Caspase12, Caspase3, BaxJ, Bcl-24) l
1 Neuroinflammation |
Neuronal protection |

=

U EWE T PPARy EEKRBMN GBI ZIERERFE (A) FHERP(B) RESKEMNH (C)IEAHNERE

Fig.4 Possible PPARy-dependent mechanisms of the anti-diabetic ( A) , neuronal protective (B) and

anti-inflammatory effects (C) exerted by vanadium compounds
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2.2.5 22 Z5 A G

7 34 7 35 1k B H % B ( Mitogen-activated
protein kinases, MAPKs) ¢ 15 [ ) 38 % J& 7€ i 1k
i B IR ST B O S e S i, AR
JH 2 1) 40 N A% 3 45 R ML AME 5, 2 5 i i S A
GrAk RO N K UR T AR Z R A0 M i R L AE
MAPKs 5 1, N 90 315 & 13 A ( Stress-
activated protein kinases, SAPK ) /& 3£ K Ui 3 Fiff
(Jun N-terminal kinase, JNK) ,p38 I a4 M A= 5
FH 5% % B ( Extracellular signal-related kinase,
ERK) RS0 i 2 0™ LR £h 76 40 i N K AR i
JEURCRE P AR B ROS AT REAE O 58 A il & 3515 5
i R MR S T MAPKs 1T DL gk 2 R 4R
ROS 16 I 355300 ™ . WEo 0T fm LR
FNREAS IR T AS49 4I M AR KA 78 G2/M ], How]
AE A1 T BIL R g - BHLIR £h  93 4 i 7™ A= 19 ROS A%
AT ERK il p38 L {iF, 51X £ MAPKs & F1
il 1 W I AL 5 TS 1 ERK AN p38 5 0 4t it A= < I
W& M p21 phos-pho-cde2 Fl cde25c W3R I8 M Fa
Pk o ][R S S 2

AR RS, LB YR — LW R G
A G ERK I AKT 3 B 81k & o
ERK {55 7E HepG2 4 g ity i B2 303, il 42 3t 2
JIE 5 S0 A A BR T 7 R) p21 R 3Rk IR B
HSB 201 79 958 40 ) 25 1 pRb ( Retinoblastoma tumor
suppressor protein ) [ B2 b 7K F- FEA% , 51& G1/S
240 J 30T BEL A 5 T LA A WU B AKT 2R R B IR
K- Bl I 8] 28 A R 22 T i, v] RE & HepG2 4L
TIPS PRI TR R R R e S — 0
BLAL A 3N B R Al AsPC-1 5T Th &
B, AL G P 3 o 3 8 T 9 MAPK/ERK i
HERFE SO T AE AKT 3R 42 1 A G2/M 40 g J4
SUTBEL i, AT 5 O R ol 5 AR B RS AKT 3 R
Af PLkE e IE o H 2R AKT 38 48 g0 i 5 B s A
I R A B A2 R R aE SRR A
FLA [ IV SR B0 DR FHA7C 986 245 ) FH T 9500 1 73
B FVE T A I3
3 AIlNERBRAYEREANERE
EQRAFESH

T w5 AR Y Kok 1A B A A
RZ 54 R 259 0 A= W) D e JF R A5 3 78 i R
Ji PRUAE T 5k = X 4t L/ 28 2008 1) 4 T o 4
AT PER A 3R AE . 48 41 2% ( Metallomics ) Jf&

Ak RE A A 27 EE 2 e AR A o 2 B Y
— R 0 2 RS O ) TR O S Ak e
AW DR AL SRR e A U A
LXMW EEE R, LAY R T A 4 e 2R 4
JEAWTFEX G, H bR AE T B Jm Y i 2 A
Yy oy T L A D RE B AR AR A R AR b A
R0 AR 4w AL 0 By 3, 4 DR R 1 T A
2# ( Metalloproteomics ) 40 3k [ & J& "~ 2 G2 ¥ 43 #r
20 PN 4 J 5 A A B AR T T 4 s 4 ) Y
FEYIRER AL T KBTI TR, &8
B AR A YR N B e A A T T R]
RAFEBAEI , AF Dy — P A 9 BF 5 SR,
J@HE F B IR A IR T2 E H B E R R
A JE 5 A AH ELAR T, D 2 v B A R R e
2450 1 A )RR URIOR 4 R EE R AR W T e A it
ARLR &5 NILC G RBEL T ZRAEY
I3 T VR B TR E R AT B T T R/
5 25 T A0 ML N &5 B S ER R o A S
TR 46 J 1 A2 9 ) e 54 Jm 25 9 i 4 T LB,
A VFZ IR B S A S O AR A
Jm s G H AR - A AR B - R E
Ao 4 7 - B A A 1 e A AL LA B8R

A AR 25 i FRL Dk - L RS 45 55 B TR B0
FESIR B AR (GE-ICP-MS) |, A 55 A 51 Al 2y 55
X0 24 ) T W 1T IR TR SR B A K
FRR Y sl A ek Y A A R A2 E
JoT 4 A SRAE AR T B m A R MR
(Immobilized metal affinity chromatography, IMAC)
4 46 J 2 A AR B BIF 5T N B3 L Z S B T
S8 200 v R R A R O N A 2 8 4
R TR GG A AR 1T B 4 {1 B T ) R A
B S R T AR AR M A R B A
M A B B XA E B R AT & m S
R, 2856 FE 8053 3 i RS N B 0 T A T
Synechocystis PCC 6803 H ) 3= T4 45 & & H
CucA NAH4EEE I MncA, I EMP L4 BEH
(4 J8 Ut R S AR A0 P i 3 & A A
S A O kA RS S AR TR T
(LA-ICP-MS) [ [a] 2 4 S X0 O 2k 2% Ol ot 3%
( SRXRF) #5853 H F 43 B [ 4 A= 9 4 b n 235 A
VA JE T 20 88 VD 2 T R A D A i
AR R AL 7 A RO K 8 8 A& W KR
BATGR A B9 A 2 R A 800E T [ A Pull-
down SEYG IR EH LG W), AT HE 1] U0 40 L 1N Y 6
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mie s e A ER, C R T fr B2k
GGV ERBANE L EED S
s I TR 2 T UG A A A Y
SR E O E AR B R B LG 3 23
BB M SR TR B W VA S
Hsp60 Ay S HL B T FE LR IR h i s 2R AR 111
AL T SRR E AR BN EAENZ S T
B PRI T Bl e R T s 7
58 4R T B A W A I 9 B R R
HET D EEENAE PR N0, ERE)E
R R A 050 A R 2 BAT B Al T 9k
JE T Z M A [R] 6 20 9 A W 1k 2 b R SR 1 0
RGMEIZHE , JF A BT 0 LA & W 7 20 i o A
SR AT A IR 2 B FR T [ 45 5 2R
Vs Bt R L S i L AL A
BT P & W A W 2 RE B AT 5 O D AT B
T

4 Z5iE

AR, & T BLAL & W 0 B 2R i 3 2 52 i
BT 5 H 4 39, 3K 5 B B B 22 0 T E L4
A WU R IR YT AT AE RO A
G Wy BB BAL P o 2 B 3 B A T )
I BR TR 2R W A~ a0 1 B2, BUAT /Y 0t
FEUESE T LA 1 mT LA Sy 2 7l il ) 3815 77 sl 4
) 30 3k X A [ 40 5 30 B S 9 A A TSR
PUWE PR B LA b 22 A4 i e v J 4 B AR
Mo BUASS V BRI R, mE R R
LR, RN GYERN SRS AEA
FEAEAR AR, T 20 M i 3 A 2 4 L e
WHLALE B Zh AR D BE . Ak, DAL A AT DL
o 5B AE R A S W 6 R AE S
S, IRl IR 4 R R A R LA S AR Y
—AHIB

Bt 5 LA W A A S W A B R AR G
{5 3l I A TR A, SLAE & ) 5 LR R
22 T8 AH B AR A 28 GEPEAT 5l BE A A O B A i
S BRI TT ik, BAT, UL S W 25 W)
TF A BORR 25 0], AR 2R 42 T AT AL
A Wy i BRAR P J5T | TC 57 8 R LA R e 5 0 A T AL
i AIA TR PR A N R e A
PR A A R A A — R AR LR, PLE S
Y D B [ I Xk Z2 B A AR 25 2 — o IR
ABIFFE B PR 36 9 B9 A DA 2 1 W00 T T 40 i 5

(9 AL £ 0 %08 300 1 F b ] BEAT T R B I
b UL A T LR A S B AT L 4
[ B A JBUIR 5, 2 5 2 P 2 103 PR TR
TEP G PE AR b B R X, H R (R R R
(LA 2 B P 15 22 0 1 v SR WL A AT 40
FEEAEH XS TP A Y AR O IR T T T Y
KR, RTHAES DX AR 2T 051w R
FH Bt — A RS O e D I R TR R
4 JE R 02 A0 9 B R X B B ) TE A0 P
g 225 5 00 5 2 1 0 5 9, O L5 0 B P 2
VYT 22 AR AR P LB 00 47 3 — 4R % i
B FiEs 5T &Rk & i it & &
AR BRI P R L
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