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UK 3 25 118 % % (kinesin - superfamily proteins,
KIFS) & —2K0 T ik, RN s & s,
IEMGE R RI o, A, dif4s . RNA
4. 19854, Hirokawa® AP Y i =R BE i
AR CHREE VA R TR B2 ok 220 ) W% 1) 7 Al R 4 s =2 [l A
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Synaptic vesicles
s . Mitochpndria

Microtubule

Bl 1 KIFS S5 THPIRESE. KIFS 1T LR R 5l NE
(synaptic vesicle) - AYSNAP25, 1] LI GRIPL U % fil /N _E Ay
GIUR2 2 &, W] LAl i MiltonZ & I 5 2 kifA (mitochondria), ¥ 7]
) 3E 18R 378 1% % (kinesin light chain, KLC) 5 Crmp2 454, iz
55 A R EE 1 (tubulin 2Rk

Figure 1 Binding between KIF5 and its different cargos. KIF5 can
directly recognize SNAP25 on the synaptic vesicles, and recognize
GluR2 receptor on the synaptic vesicles via GRIP1, and bind with Mil-

ton to transport mitochondria, and form complex with kinesin light chain
and Crmp2 to transport tubulin dimer

2 WRahEn HeheiR T IR

2.1 BRI IEBRIE

BT /K % 1k R (Al zheimer' s disease), 1R L&
B, JE— R G E AR R M 2B AT g
654 UL 198 N, A5 6% A Bl /R it B, O H.
R I A B AE I A 8 i b TR A BT R Pk
Vg BRORE A — > 32 B R R MLERAE T B-TE M R K (amyl oid
B peptides, AR)AY™ A Filid BEUTAR; DRI B-TE M HE
JRTE BB e, % b 28 50 7 A s VR T T 5 | A AR A7 1
P4 05 Ty B A5 T) B-J B AR Fh S o A T AR 2 1
(amyloid precursor protein, APP)Z: il 2L i J5 77 1
APPJ™VZ 53 A T 2 R Al 2L M R rhr, AR 2= 4
P A 5 ik — A b i P8 APPH] i 53 B 42 2 14 c-Jun
SR I B A T AEFH & 1 (c-dun N-terminal ki-
nase-interacting protein 1, JIP1) 13K & % (1 #% 4%
(kinesin light chain, KLC) 5 KIF54% 4, 7841 P Wil
s o2 I, APP %2812 i X 32 £ I PLY ™
R 312, APPAT VR N 2 A 5 5 8- b il (B-secretase)
A (presenilin-1) Ayl 2 12 45122, R & 5 AB
AITE B AR OG. R AT HE, KIFSAY Gk FE AT S i
APPY) 15832 1 55, AT -5 BUA BAE 8 0 B 1 HE
H, LS 5RUREBSIE R L. Ji4h, ABHERS:
BT R P U BRAE Y 2 R A 5 IR sh AR A DG A SR
AL ABEikinesin 5 (Eg5, KIFLL) I, it

1146

238 APPLE Ty /b A0 i R TG A A 28 AR K T IR E
% N T 34K (nerve growth factor/neurotrophin receptor,
NGF/NTR] p75F1IN-Hl 3 -D- X ] 4 Ji g (N-methyl -
D-aspartate, NMDA)AZ{&. X L6550 568, ABTT LLidE
it dilkinesin 5, B £ 55 R R 2858 5 2 14
I 240 SR T P s, I BELT R A R MR D RE. XL R
IR — 25Uk WY AT 2 P T R 1) DA R B 7T B S 43 U
T ABXF B 28 gt kinesin SHY #I . P L 150 Bl AB X
kinesin 5z A 3K 2l & H A A6, 1T BE R M IR BT /R
PRI BRAE I — R 4%

2.2 FIEWYEREE

= SE 4 £ FE A (Huntington' s disease) 2 — it 44
o R S M Y AT M A R A B T E R R T R
A, ELRAE T, B SRR R A G EE I HTT
(huntingtin) & 4= BRLEE A5, (35 i 4F 1,23 100% i 38 9%
SE. MR R, RARMHTTAT DL i 380 h 28 N c-Jun
2 FE AR Ui B (c-Jun N-terminal kinase, INK), 1fij #111 il
P28 4 P ) PR S . HTTOG PR A 2% 3 i 1Y)
TR T2 H p 28 TR S PR B INK 3R S LY. INK3
] DR L 3K sh 5 H kinesin 143 F Sk 45 #4804 176
B F W22 AR, REUGE 2 MG R BUE,
M REAR 5 U B 25 B e T, e ma PRt il o8 i
AN, SHTT 204 F ARG M S, HTT
2564 H1 (huntingtin-associated protein 1, HAPL) & 4
TW&ITH, R ENRE S5 = &0
k. BRI, HAPLRT SKLCH 454, JFdtk
ST MoK, WHHAPLE R, 1] LI PC12
2 B A 22 5 R Y A, T A ) 9K Bl AR AR R 1Y
20 0 P9 5% 2 WL 20 33 T A SR = 1 A B R 1 ) —
Bl

3 IREhEE A SR

B 25 7 3 KT B4R, SR 00 K 2
7. T AF IO R R E A 11.6%, TR
SRR BB RGATE, ELRN — A2 36 v 4 L
R SR B T A AL T AR SRR
LR ETE, TR 2 5 K. HER
S I T £ A T K I
W, LM B HLVN e 2R AR,
PR S 2 R ALBFAOEAR. 20 F % 1 ) A
PR Sy K 53 B A T8 £ B R S0, I 4
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JiL 43 6 1 I 3R I R T3 RWR R B, R S T BB & ke
RPN, kT DR R T 9 T AR e A
J5 T AR 5 2253 A R RE AL IR B 2 KB (R 5 2K
52). BOFrOTIERW, TR BAI M N R 0k T — ROk 5l
HEAKIF12P, KIF12A] L5 T K 1170 (Hsc70) &
LG S5 7 SpUE L — B A4, DT S 8 AE B 1Y Spl
B T8 IR M. P L Spd 4 REHsc70o/ ik, oF 1 4k
FRIEH 0 E AL R AR T BE, AR PN 405K T, 4t
I BN 3000 J 1 2 A Th AR i 7 K F L2 A
/I (Mus musculus) N, Hsc705%1k FRE, i3 A LYt
TR PN 1 2 1 e a8 ML G T8, S 040 TR K i AR 1 Pl
MRE ) T R, 1 A i N Sk T TR, e Bl
Maohfe, FHUES E WS Bk, migtke
L 3 BRI 5 B A M Y RO KIFL2A0 338, NIk, 6
W R KIFI2R A 5%, B fF KNSRI E
FIEKIFI2H LB, & A Rt R PLm 5]
FORE R, R il KI P12 S A B L %, ] fE
S5 THER T R KRB & A, AR iR
I DR B 0 45 128

TERANAEL I, T 5 28 URLIE B T s =X v ZR AR )
%4 (trans-golgi network), 5 i 3K 2 & 11 8 5 0% AR bt
kinesin-1 (4NKIF5B%)IH & W HE A 7 240 i P A9 1< I 5
ik, B ek E I A0 2 X 20, FE
I DX I A S TS 40 A, 1 75 3K W (nocodazol e)
7 R A U e SR T L 58 4 BELITT 1 B A 1A 98 15 3R 0k
(7 T Az i, E— 25 U0 Kinesin- K ST 5 12
15 ORI BY. CuiZe N\ B2 % B kifSRk bk I o Bl 28 /1N B
B TS | B A0 A RN BN AR /DN, (L i B
TGRS . B B SETN, J1 Fif B i P 1 5 25 R0k
K. KifSor R /N AU AR 818, 30 50 & i
iRk /)N B B I 32 S 30 v 2 B B I R Tt
Mk, SFORE T A7 U8 T K 3R 43 A R A 1T AR 1R A R
fikht. KIFSBIEZ 5 T &) R S W 45 bi i i TR
14 (glucose transporter type 4, GLUT4)AYiz %, M
2 5 iy B I 2R AR e AR L Ak, K
(1% o M Ak ER T Lo A 40 A R A T RS 440 i £
KIFIAFIKIFSBAY RIA /K-, Ht$27- 3K 5 8 H ik vl
BES 5 TR IR 51 A w2 AR 031 3 s ik N 1
S SEEIEN], B2 SS T RS RN A
B\ Az R0y b KOBEARE, R R s 3K Bl 2R 1 RO IR
WKL . RIRAEBENIRR.

4 WhEASEH

R BF S 201, KIF3AR £ 48 5 i T8 i A 515,
R S B O A KL FSA T il /N BRAE H A J5 5 diik
A LT B R e AV A e R, TR AR TR
21 dii LS T ey, %0/ BUE S B A0 B = )
RAAE, BRI E T IEE K04 531k F 4 5
o, RORBHREEREFZE. FHEnpiEsn
(B catenin) flc-Myc#e ik 5. X #b 45 B i N GE H # 3tb
it BEKIF3A LN 75 3 22 B i & A, H 2 /DR W3]
YA B AE L8 B I AP & 4% H S . Duang-
tum% AP 0], NH B Faci B AL (human
kidney anion exchanger 1, KAE1)FIKIF3BIL %A F A
B Ll 2, I3 o R i i X5 2 R JL )T (dileucine
motif) 5 KIF3B 45 4. 7£ HEK293T 41 il 1, 41 i
KIF3B 1 11 il 20 55 1 B KAEL & i, AT 51 A 41 g
WKAELRHERL. X BE45 R 7R, KIF3BA] BETE N Fra
P 44t v 6 T KAEL I A MR () %32, LS 5 T
Uit B /N LR Hh 57 (distal renal tubular acidosis)fit
. AR AL P I S 0 & B, B DR R AR T UK B
FEHKIF12. Mrug% A\ MO0 i % 461 H 224 5 /N U
H 5 MR L H 8 (quantitative trait loci) By 2 # & BR,
KIF12 /2 4 K Pk 2 3% B 1Y — > & 4 2 (5] (modifier
gene), 32 FIHNF-1bfy Y, W% B EHRE T
L 2B E AR (5 Cysl), I, KIF123KA T
B EWI R T AT 5 B i — A 3R HAE 248 B R Rk iR
il i & P 2 B EVE YA, (R LA 4 T s —
ST, MAh, A WUTFEERY, KIF125 B I AT R
1 5 KA 5+ (congenital anomalies of the kidney and
urinary tract) (i1 i A 14

5 SghiE A SRk

RO RN, WaEA) ZHS5 T 2
R KA | R R, R K 1A AL AR 22 e 1)
R RRAT B SCERS AT SR R A A —
A FEARFAE WL 1 B A AN R A, R T AR A
VPR O S UL 8 S B S e IV FUR/ R URE TS
JEBESE | YIRIATE i . Ao R | TR U
A7 BT A A R AT 22 3 2 EL 9 ke 2 200 M A 38 A% ) T
RO 23 A1 5 A2 10 i ) e S 2 R 2 5 RS A 4 i
(A 2 DI BE 5 0, e 2 R] RE W BE R M S S0
Z%dz[52~58].
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6  ghiE AR

6.1 KIF26A5E 1%

KIF26AN AT ATPRE G M, J2 — Ak 5 JL A9 3K
B 1. Zhou®s N AF5E 2 W, KIF26AREIR /N L2 3
B A5 i R AL T8 a0 R /N B 2 A, Ml Kk
B, EIEHELT, KIF26AT 552 25 H 4k K
K FZ k454 H H2 (growth factor receptor-bound
protein 2, Grb2)4k 4. XFh4E A B IE T Grb2 5 SHCH:
{1k 25 1 (SHC-transforming protein 1, SHC)45 4, HilL
WS T Mo A L D 2 SR X T -RET U 25 A (Glial
cell line-derived neurotrophic factor-RET proto-onco-
gene, GDNF-RET)f5 it . 7Emibr/NE P, hT
KIF26A [ e, Grb2 5 SHCHY 25 & A T2 5 1 4,
F S T R U B GDNF-RETYS Sl %, 5 & i
KRG A K.

6.2 KIF1BS AR AT PR PEIME T L2 4

ZETHIKIFIB (kifib™ ")/ B 3t 2k 535 5% fi
/IR (synaptic vesicle precursors)iZlifg, SE(%E
fikt 71 JE] 19 2 fish /1N 6 AR ER R D, BRI ZRITEE TS,
Ifif % 4= CMT (Charcot-Marie-Tooth disease)fii, 7
SR HEERILTC J7. KIFAB (Kiflb™ )4k il 28 T A7
I A8 1 B A B A B Y M T 4l KIFLABB, 1
JEKIF1Bo, A LUK B KIFLB (kiflb™ )4 #l 25 G Y
fEIERE . X E5 Ryl i, M FKIF1Ba,
KIF1BR W] fE7E 45 il 2 o A7 R 1 LR 2 5 KA 1
. AKIF1BBI# Q8L % 48 1] LU KIF1BR 32 2k Ho 4y
T HIKMTEN, JF S5CMTISTEIR K | B A HiEX
A5,

7 ik
K B 8 (1) M A A A LSV, KT e
S 4 TF I A5 RN R R AR . Rk, 3KBh AR

H RS 580 T kA 54, SIRZHEMI K
AR TRAT A HAECHR. Zad B04E RS 1, XEREhE A

RPN

FIINEEE 24 TRZ IR, SikRmHd &3], XF
564 AR IK B A Y T RE, T ARSES5 ).

T AR 38 H 2 ST AR N s ) T
KZ—, RZ ML) REH T 22 3K B & R e,
IXT T4 A, (R —FPER SN 1, JFASBESE K
HAY#Ee. BN, KR ZITHRE TKIFLA/
BRI KIF5A/B/CIe6 6228 i ik J 3k T KIF3BEY)
FIKIF12P9 %5 e it 32 35 T KIFSBU R KIF12%9 45 |
XU B Z R IK S & RIS AR N, A R 5K B iR
HZ B DIRerl ie A Bk, L, Br T —2eiifl
PR, 1R Z B BE B BR 3y B 1 338 50 AN BB 7R K
AR5 R B A, Rk, 25 BRI AT
REXT 3E— 2543 M 3K s 2 A D RE A J1 2 58 X

— PR 2y £ [ — M AT LLIE 3% 2 FhOR [R5 T
Y, (B T F I n 4w A MER. B TRy
AR & 1O X T B AN 0K S 2R 1 3 N R A/
B, ANAREE A B P A 7 vk, i RT DA B IR
Bl AR A R AT DL BT R IR L B Y Rk R
i 0 X S R B RE AT AT, T REA B T iE—
BT IR A2 505 L.

AN, GEHEIIRE L IR sh & A — % AL
Pk, W TE R Re R #R T ZIH FEAEWIRe. GRREHK
fift = W2 % 7 (guanosine triphosphate, GTP), 114
TG AR 0YF e i . 7 AR 5 ARl (R 1 1R (cyclic
adenosine monophosphate, cAMP) | JLFE = #§ % (inositol
trisphosphate, |P3)Fl1'H i — Mk (diacylglycerol, DAG)),
1M R HEHE— 2D W AR 2800 BRBN B K FRATP, %
AT R E YR AL WL RE, I feis 52 4561
SrFRYIRE NSRS, —HTEYRE LA
Ktk K& M s 5 A T A A
1 OOV 5 5 Al 0 5% /N L9087 i B 5 B G
A S 0E Sl . G A2 A BT B e
25 IT R SRR AT T RS X TS Z ARG
M IK B 8 ST, AT iE— DA S —GEE 1 T Ui
AR, AR T IR R ) S — 4 GEE A E
SIE 2N, AR E O RS HETR YT

1 Hirokawa N, Tanaka Y. Kinesin superfamily proteins (KIFs): Various functions and their relevance for important phenomenain life and

diseases. Exp Cell Res, 2015, 334: 16-25

2 Hirokawa N, Bloom G S, Vallee R B. Cytoskeletal architecture and immunocytochemical localization of microtubule-associated proteins
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Intracellular transportation serves as the basis of various cell functions. As the molecular motors responsible for the
intracellular transportation, kinesin superfamily proteins (KIFs) recognize diverse molecular cargos, such as proteins,
organelles, synaptic vesicles, and RNA granules, via their unique binding structures. KIFs have motor domain, which
usualy convey ATPase activity. KIFs gain energy from ATP hydrolysis, and transport their cargos moving along the
microtubules, thus play important role in biological processes of those cargos. KIFs can be divided into 3 classes,
according to the motor domain location on the N-terminal, the C-terminal or the middle of the proteins. Meanwhile, some
KIFs lack motor function, which can still play important roles by regulating certain molecular pathways, through their
binding proteins. Abundant evidence has shown that the KIFs are widely involved in the pathogenesis and progression of
many diseases, such as neuronal diseases, metabolic diseases, kidney diseases, etc. In the present review, we summarize
recent research findings which explore the relationship between the KIFs and the diseases.

Amyloid B peptides (AB) drives Alzheimer’s disease and is derived from the amyloid precursor protein (APP). APP is
transported by binding with KIF5 through c-Jun N-terminal kinase-interacting protein 1 (JIP1) and kinesin light chain (KLC)
in the axons. APP can also function as a receptor for the transportation of B-secretase (BACEL) and PS1. Thus, the
dysfunction of KIF5 may impair the axonal transport of APP, induce the accumulation of A, lead to Alzheimer’s disease.

Huntingtin mutation can suppress the fast axona transport by activating axonal c-Jun N-termina kinase (INK).
Huntingtin-associated protein 1 (HAPL) is enriched in the neurons, which directly binds with KLC in vitro, and colocalizes
with KLC in growth cones of the neurons. Knocking down HAPL suppresses neurite outgrowth of PC12 cells, and inhibits
the kinesin-dependent transport of APP vesicles. This may serve as a pathological mechanism of Huntington’s disease.

KIF12 forms a complex with Hsc70 and Spl, and maintains the proper expression of Hsc70 through a transcriptional
mechanism in pancreatic beta cells. Defect in KIF12, either by knockout or high fat diet intake, can reduce the expression
of Hsc70, and impair the peroxisomal targeting of anti-oxidative enzymes, lead to the increase of intracellular oxidative
stress. Abnormal accumulation of oxidative stress eventually impairs the insulin secretion of the beta cells, and facilitates
diabetes progression. In addition, KIF5B knockout mice shows glucose tolerance and hyperglycemia, which is caused by
impaired insulin secretion.

Mice, with tissue-specific knockout of KIF3A in renal tubular epithelial cells, begin to develop cysts in the kidney at
postnatal day 5 and show renal failure by postnatal day 21, suggesting the association of KIF3A with polycystic kidney
disease. Human kidney anion exchanger 1 (kAE1l) binds with KIF3B through its C-termina dileucine motif, and
co-expresses with KIF3B in human kidney. Suppressing KIF3B in HEK293T cells results in the reduction of KAEL on
the cell membrane and the accumulation of KAE1 in cytoplasm. These findings suggest that KIF3B may be responsible
for the transportation of KAE1 towards the membrane, thus involve in the pathogenesis of distal renal tubular acidosis.

It iswell accepted that KIFs serve as one of the bases for the intracellular transportation. Although they have been widely
studied, their functions are still largely unknown. Usually multiple KIFs are expressed in one cell. Their functions may be
distinct or overlapping with each other. Therefore, double, even triple, knockouts of these KIFs in specific tissues may help
usto further explore their biological functions. In addition, next generation sequencing is highly developed in recent years. It
must be informative using this nove technique to analyze the kinesin knockout mice for identifying more cargos.

kinesin, intracellular transport, KIF, motor protein, microtubule
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