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Research progress and application prospects

of alternating oxidase inhibitors

XU Fei
(Applied Biotechnology Center, Wuhan Bioengineering Institute, Wuhan 430415, China)

Abstract: Alternating oxidase (AOX) is the terminal oxidase that mediates the cyanide-insensitive respiration
pathway in the mitochondrial respiratory electron transport chain. It has been widely found in higher plants, algae,
some fungi and protozoa. Interestingly, AOX has also been found in human parasites, such as Trypanosoma brucei
(T. brucei). 1t is evident that Trypanosoma brucei causes human "sleeping sickness" and is often fatal without
treatment. In addition, more than 70 million people in Africa are at risk of contracting Brucella trypanosomiasis
each year. However, there is no AOX protein in human cells. Therefore, AOX may be an attractive target for treating
this kind of disease. In this paper, the characteristics of the 7. brucei AOX, the design and effect of the AOX
inhibitors are summarized, and the application prospects and research challenges of AOX inhibitors are also
discussed.

Keywords: alternating oxidase; protein structure; inhibitor; Trypanosoma brucei

A AL (alternative oxidase, AOX) S 2k Fi
A F A s B R i B, O UL AN BURK,
R WA TIR A . S0t R AR,
AOX TJ A VZ B Ab 759 31 L, JF A% 5 A Bk e
BT AOX ML kD> 1 ATP (1774,
MO FERE I S /2. AT Wi, Bk R 2 i it
TR, AOX {Evs 2 A B A fb i 78 vh A # F EAE
Mo AOX S et i € B D e 2 16 R e R E B i
5 JE A YD 0 S AR T TR I I AR R R HE AR
B Ak, AOX MG IE SEAE R TT AL (4R

HE AR RS ) 5AEEDI G (GERAR. T P AR SS )
TR, IR 3 B S A TR A
e e R A S SRR p R s o6 B a4k, AOX
WHAELS 5 THEYAK T RR LAY, UL
b pIAIIL IV

i HER: 2018-03-23; 1&[EIHHEA: 2018-05-04
E&WHE: EXARFHELTIH(31400242); WL
BHFERHRIETHRITUH (2016B28)

BIE1EE: E-mail: feixu666@hotmail.com



622 AR

H30%:

AR, AOX T IZAfFAE THEY). R, H
BRI RS A AR (B G B0 A 0 A IR A BRI R 1
HOF gk Ak, AOX AR CUTE a- A8 T 1 o
B %5 H R I HBLAE T Z s kb b, Ham 2k
RS AR A bty S0 A Bl b, L E 40 P e e UYL B
RRVER A, FeA R AE — R NARFF AR d
RILT AOX HH, XEHFAERTE™EE) Vg
7o B, ERE R LR JE X, X R A A
5] R B R A AR 9 NS AU U5 (human
African trypanosomiasis, HAT). HAT 3= %t 25 Ai
[ HE H (Trypanosoma brucei) 5| & : P8 IE ) X B
A [RAE S (T brucei gambiense) F1 7= (1) %7 15 75 VA
EQHE B (T brucei rhodesiense), X M 254 FAE HL AR
Fe R R AL 3R 1 U W AR, HAT R&RT
XPNARTE B it, HaTRFEEIRM X KN 2
1k 2 J5 5% HAT 4, 52 b, fEEh X &4f
3% 7 000 J3 N A7FE IS HAT (19 )R " B ok,
TE R HAT Xf B 5P B A+ = L
ARERZ, NRYHR A FHE S0 i 7E SR 21
B AR X ], B R R A
AOX (trypanosome alternative oxidase, TAO) 1] A 254
MO . teAh, A FHE U M PR LT 56 A 1t
T TAO fy 3% o M, Rk, MR 2 0 R 22 R
TAO # Ry —AN F E 25 4Ebr e 70 7, 6 itk

1 KR (Trypanosoma bruceiy5 AR %5
K TAOHIERHF =

R, i (RHE B (Trypanosoma brucei) 7]
AT AR R G, 5]k ™ = 1 Am RHE JU,
NG H ARG ITT A Ak U A KMk &
()AL SR A 32 B i ( SURRRR M ) AT IR
W KRN 5, fER it 2~3 JE 5 2 1 o BT
KREEHE, N E 2 a8 sl 5 5 HE U Y,
JEEIVHE U G ik, BATTRE AR SR TR
WP o YSRSR RN R NARI S IE I HE Ll
BRSSP DN NP NN S R | |
A IRHE HUAE TS AR 2 —FP 2 TR 0 Uik, 78 il
AAAE BB 4K BRI A MBI 2 (B 1D
EAE R, A R RUR G N ST, n ke A4k
o RGBT . WL R WX 2 T H g R R i bt
JR R ARSI R, R e DA R T S A EQHE SR
e

B IRAT PQHE SR LB e A B2 5 48 1 e
HE R ERARE — AR L —— R o 1L
WA AR A REIE, RAZE AR (R
TAO & ()™ Bhabh, 47 b A1 B4 R 1 E— fig
kU, B, TAO & e ME—nT U0 AR g A
FEAE ) NADH, T 24 47 % N A1 I HE e == ARG
R teh, BT ARG 2okl i ik = 52 &

AROCK RS TAO IS IRE, e H AT Skl X TR TAO J& a7 A 25 H CHE s I
TAO i) 35 AR RIF 7 38 % I8 FH iy 55 o B EAR 121,
M AR
dm [ 4
N }'J‘ \3'\f
RRBRKEES
- bl AEREES
bk ickid) W A
s = = 3
i ‘@0 e 0 e /N
L]
HARE €
(K, BB L pm
RAERIAR) ‘
sEaR 7N

Bl 7 FCHER7ERRIB R A ARy & E "™



el

&K BB TR FUE R RN S 623

2 TAOZEBLEMIEH

ML AOX [ IIREWT 7T, AOX [HIER (1 45 F i
riteoete, TEFERERE AOX EHAAR S IREL .
#2010 4E, TAO [ A A ARA 15 Ll 2,
5 76 2013 4F TAO [RIER [ 45 KRB Th T (181 2)°",
HEHAT, TAO ZME—HMHITH AOX HH. MK
2 LA H, TAO LARIR BRI R AEE, Hop
TN AR 6 MK o SR IE (al~6) F1 4 M5 o R EZH.
(B 2A). B2E a2, a3, oS Al a6 R EiE R,
FHAE (A P R AR TR L. 7 BRI — I — A
FLAE I B IBE ol ol * T od,ad* A6 I 7K [X 35,
HAPI AT RE R 5 LRk P IR EE A 135 (B 2B).
AL, E I S SRR A T I, IR AN AR — ] (1)
B K X3 3 A KRR SE (R K MR, ] S5
5 1 R SR 2 A A E 1 B R 2 A B4
(E 2B, C), Xt —DRIHIX 44> o IR RML A
X 4

M 2C FTLLE 1, TAO &g OF 2 4
R R AR Ok Rk, AR R 2 R (UQH,)
(i TR 45 O, £ K H,0, X 2 A5 22 & A AL g
PR ARV FR I 2R (1 A SRR 22 78 00k A (1 A
2 AEERR (L122 f1 L212) H RIS, X
ANRRER S5 R B AT A 2 B PRI TR Sk 3R AT IR e
BI5GB A% O HAR S B B A7 (1 2D).

3 EINAOX/TAOHNHIFI RAEAKER

WIHG TR, AOX J2& £8 K A4 P I H £ i3 55 R
Uity ECA T, BT 4 € 2 A T ) 5 AN Rk (
F), AR TR M, {22, AOX
A % /K 4 3 5 1 (salicylhydroxamic acid, SHAM)
AN TILA N (n-propyl gallate, nPG) fIrilifi. SHAM
A nPG A2 d BT (43 00F 1971 4EF1 1980 4%
SRR ), RIS R AR LT Rl AOX V& 14 H i
A, PIE AT S EAY (anEAGER, AT 4
RIRFIPIR ) &5 A58 DA 5 2 At 2 R A I I fL 1
A 3 HH 20 L £ Z O AR R IRORT U AR W P o B
Bl o B Ak 2450 &, SHAM Al nPG 5
PERA W KM AL, BI& A G, ik
SHAM F1 nPG W] 78 24 ¥z B (1) 3 4 P $ i) 1), AT
PHIEZ BES AOX 45& H T 4% (B 3). R
Eintk, SHAM Al nPG JFAE AT T I AOX &
HZhae e, HANHI R M AOX & 1 454 1) 2
MR L, Bk FR R KT IRE R
Wit 2 AOX HIfIF, DL 2 A F LI K.

filtan, xRN IRHESR (& TAO 1) 4l
BN HAT i, 448 H SHAM F1 nPG I 15
XF TAO & H 24| 2 (1Cs, {5 ) #5i& 4 pmol/L A1
200 nmol/L, Ik & v H -+ # # AOX Th g W 4L,
{BIEVER T AN HAT S0 ia )y . K EIZ,

Di-iron core

IMM

A: TAOZE[(PDB ID: 3VV9) "Rk “ &M rmE. B: TAORARMEMER, HPhaaREH/KXE. C: TAORAR

45K ) ERR 90 R B, Horh T HE X HONTAO R FvE TE 0 D: TAOHE FATE M O/R

» ORI, S

RFE2NMZE R Lew) LM, IMM: Rk, K22 EMay2 P 775347 54 .
&2 TAOEAGEHRER



624 asNiip s = #3045
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a1 DLAHIF B S R IR

Mo ¥ ICs, (nmol/L) SHEE KR
Salicylhydroxamic acid (SHAM) 4.000.00 [24]
n-Propyl gallate (nPG) 200.00 [25]
Ascofuranone (AF) 0.13 [21]
Ascochlorin (AC) 1.50 [16]
Colletochlorin B (CB) 0.20 [16]
Colletochlorin D (CD) 33.00 [23]

e ICs, A, B IA B G Kb 28R — 21 B i IR B2 s Salicylhydroxamic acid (SHAM), K55 n-Propyl
gallate (nPG), & & TFERAEE; Ascofuranone (AF), 5% _flilkMgifH; Ascochlorin (AC), 7% ffi%(#&; Colletochlorin B (CB),

# % ZB; Colletochlorin D (CD), #f4(ED.
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