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ABSTRACT: BTB (Broad-complex, Tramtrack, and Bric-a-brac )protein family, existing in poxvirus and almost all eukaryotes, is
closely related to embryos development, organ formation, signal transduction, immune regulation and the pathological process of cancer,
neurological or musculoskeletal diseases. The typical protein of this family contains multiple domains including evolutionarily conserved
BTB domain that plays a role in protein-protein interaction. BTB proteins have diverse functions, ranging from transcription regulation,
chromatin reassembly, cytoskeleton regulation to ubiquitin-degradation. Specificity of functions are determined by additional domains
present in BTB family proteins, as well as by interaction partners. The article summarized the general rule of the family on the basis of
protein structure and elaborated the significant function in the transcriptional regulation and ubiquitin-degradation in order to provide im-
portant reference for further study.
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Fig.] Monomer and homodimer structure of Broad Complex, Tramtrack, and Bric-a-Brac (BTB) domain

Note: A. Structure of BTB domains (PDB 1BUO); B. Schematic representation of the topology of the dimer (PDB 3BIM). a-Helices are indicated by

rectangles, and b-sheets by thick arrows.

BTB £ [ "1 BTB 2514341 , i A 2 Fh HA S5 #4355
2), BTB &5t5ll— A7 7E T BTB 4 Y N ¥, KR &I
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R EAKKNFHIH FYVE 18R 454938, (FYVE zinc finger
domain )™, SAH P AR OGS NPH3 S5 #9509, 58 A B4R
ARG A5 2 1 B2 (ankyrin-repeat, ANK)Z5 4851712 & MATH
(meprin and TRAF homology ) 45 #4 B{US45: (3 1), BTB 454k
BV S T1 S50 387 2+ B R 1145538 38 (voltage-gated

potassium channels ) #f &M,
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Lola BTE ZF
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Tik ' BTR 7F
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BTB-PS0 s BIE P50
R | BIB P
BTB-ANE  npml B1H ANK domain Ses ke e
BAF BTH ANE mpeat FYVE domain
MATH-BTB MEL-26 [ MATH BTB
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2 BTB EHFEH4MFHARTEE
Fig.2 A schematic diagram of the main domain organization of BTB proteins
Note: PLZF, human Promyelocytic Leukemia Zinc Finger, AAD03619; GAF, GAGA factor, Q08605; Lola, Longitudinals Lacking, NP_788312; Mod,
Modifier of Midget 4, NP_788698; Ttk, Tramtrack, P17789; PATZ1, POZ/BTB and AT-Hook Containing Zinc Finger, NP_114439; Psq, Pipsqueak,
NP_523686; Rib, Ribbon, AAL11905; Kelch, NP_724095; NPR1, Nonexpresser of PR genes 1, AT1G64280.1; BAF, BTB-ANK 2 and FYVE domain
containing protein, CDW56200.1; MEL-26, AAC63596.1; POBI, S. Pombe Boi-like protein, OAP06681.1; POB1, S. Pombe Boi-like protein, OAP06681.
1; KLHL11, Kelech Like protein 11, Q9NVRO0.1; NPH3, Nonphototropic Hypocoty protein 1, BAD86496.1.
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Table 1 The mainly structural and functional classification of BTB proteins
Domain Protein Source Function Reference
) Asociated with transcriptional regulation, chromosomal breakpoints and
PLZF Homo sapiens L . . [20]
translocation in acute promyelocytic leukemia (APL)
) Combined with GA-rich DNA sequences and participates in multiple
GAF Drosophila melanogaster o . [21]
transcriptional regulation
ZF domain ) Demonstrated to promote photoreceptor differentiation in the larval eye and
Lola Drosophila melanogaster ) [22]
ocelli
Ttk Drosophila melanogaster ~ Inhibits transcription through form multimers and interaction with GAF [23]
PATZI1 Homo sapiens Participate in pathologically related transcriptional regulation [13]
) Involved in egg formation and embryonic development through
Psq Drosophila melanogaster o ) [24]
PSQ domain transcriptional regulation
Rib Drosophila melanogaster Associated with cell migration and early organ morphogenesis [25]
ANK domain BAF Trichuris trichiura Associated with epidermal growth factor [15]
NPR1 Arabidopsis thaliana Related to plant rhythms and immune regulation [26]
MATH domain MEL-26  Caenorhabditis elegans Associated with cell cycle through ubiquitin-degradation [27]
. Suppresses colon cancer metastasis by blocking
Kelch domain ~ KLHL39 Channa punctata ) o [28]
KLHL 20-mediated ubiquitination
) ) ) ) Required for several auxinmediated growth processes, including
NPH3 domain NPH3 Arabidopsis thaliana [16]

phototropism, leaf positioning, and leaf expansion
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(a7 Fil a8) A C i 4k {1 X ., PATZ1 (POZ/BTB and AT-Hook
Containing Zinc Finger 1)K [H7E BTB #1 ZF £ 438 2 [6) - AE —
A~ AT-HOOK /% , i 57 it —/NARES5 & DNA J8 F 5 H
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A -5 0 SR B A AR FH (AR p300 ) B2k 25 388 5 4000 o e £ 5
TR B R A i R (R i SR, BTB-ZF i [ aah i 15 22 R i s
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v, FERMRAE KL F AR, BTB-Psq 4 LI AE U0 TR WA LG
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SHRZ ZYHAEH] B2 12 RESORERITE MBI RN A, 5 =
A, B3 2 R R R R R B IR ) R E2 12 RS,
IAEIZ Z R ERRANK I E R e - ZIEDE U IR 2 3%
PR E M b HET Y b 268 28 BRI MR+ E3
12 R/ W A B 2K 5] . HECT (Homologous to the
E6-AP Carboxyl Terminus) HUF1 RING (Really Interesting New
Gene) Y, 515 HECT BURE5 1z U U I 0 o) 4k 5 ) 074
PEREBIRWEN, W RING BN R 5F HF2RAEH,
HIRWE AL SRR GE B2 Z R, SRRz KR
FERPE R,

Cullin(CUL) & FA % J& RING %I E3 7 25 3% 432 iff v ) i
BIRZ, Hui &M EA k&4 CULL, CUL2,CUL3,
CUL4a,CUL4b il CUL5™!, Hi CUL3 figfe 51 5] BTB & 4,
FE AL cullin-RING #2152 &%) (Cullin-RING Ligase complex-
es,CRLs) , T {# I 26 (172 Z bR (8] 3), CUL3 2559
Z#EE, H N BTB & A4S &, BTB & FAE NI L
WRE, ERESEE Y /E A (BTB & AW 1N S vz %
1L f# ), C 3 5 4898 B 9 ROC (Regulator of Cullins)1 il
ROC2 (34351 n i Rbx1/Hrtl ,Rbx2 ) B /EJE i, RING- £ 45 25
1, IZE R S Zn™ 5 =4 B T8Ik, — 4> o BRBEAFI A
TR, TG — R P I R AR S A A 2 SR AR LA e ™,
RING 7 E3 12 £ 45 @ i RING- BEH5 450 S4B 5: FAs b ik
THEERIZ RN B2 B ZHR RRY.

A CUL3 N [ CRI

CR3 CH ] C

Nd8

[ 3 Cullin3 EHZMBAM K Cullin-RING iz ZE#EBE S REE
Fig.3 Cullin protein domain organization and Assembly of Cullin-RING ubiquitin ligases (CRLs)
Note: A. CR: Cullin Repeat motif; CH: Cullin Homology domain; B. Nd8: NEDDS, ubiquitin-like modifier; BTB: BTB protein;
U: Ubiquitin; ROC: Regulater of Cullins.

CUL3 5 BTB & H B AR T BTB & 41 “3-box " 5%,
JUT A BTB Bi{REE (354 %3719, 3-box 7/ T BTB
M BACK g5t ], i o7 #1 o8 #9, 3 H 5 BTB 45 #35
B a5 Fil a6 G5B TE L 3-box 454 (18] 4A FllEl 4B), KLHLI11 %
P #) BTB-BACK ZE#y3 il CUL3 & 44459 iz KEAP]
) BTB-3-box 2541 5 CUL3 N 3 & & 4 4% #4 (PDB
SNLB M%) ¥R, CUL3 N s 5 2B T 5145 A 3-box
SERL K I X CUL3 5 BTB 2K 1 AR A 45 4 S (14
4A), IHAM, KLHL11 7 [ ) BTB-BACK 53 BE T Rt R] A
TR (PDB 313N, i & & 2 ), H AR AR TR AR 8T
BTB Z5#41( |51 4B )., BTB-BACK 7l — 514 ¥ BL{A i) () B AF
HE 5 BTB-BACK 1 CUL3A [a] it 1. 4E 5 i AS A W) — 7 & H.
A EARHER, Mot el DN BTB HA 2 52 £hFmE
BTB Z5 sl 1 [R5 — AL A
3.1 BTB-ANK &K

ANK [FHR— XA TFMEAELZTH, BT

iEBE Y Swibp, Cde10p 5 [ FARIE Notch £ ™, %751 2
TEE TR U R EAZ A B A h , AR Ankyrin R 28 [ i i 45
FJ(PDB INT1) 7R, %8 P Y ANK Z5F SR 45 12 A
H) ANK )7, B4 37 i1 33 NREEMR A, A& o
PEBERT— D IRARGEF W, ANK 2533 B2 5RWER 5%
A B AH B AR R, E T2 5 5 SR, A0 BB 2R B A A i S B
W, S K Ll AR DA 0, A T 2
A 40 56 4F %% 15 T (Nonexpresser of PR genes 1,NPR1) J&
BTB-ANK #& [ LRI R 72 8 F N st BTB 45443,
C il & TIfe it X, ANK 25493 f F =35 Z [A]. NPR1 #E4H
JLPY DASE SRS AEAE 5 AR BT 3T, AR ) 32 B 1 S0 5 1R %
YLt AP R 8 AR SRR S R 2E 454k NPRT SERRASAR IR
HEPR ARG, T SRIRF TGA A ELAE R R R R G e Al o 2
B, e B SR N KAG IR U B2 REJR 15 NPR1 J
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Fig.4 Structure of KLHL11-Cul3 complex and BTB-BACK homodimer
Note: A. Structure of KLHL11-Cul3 complex (PDB 4AP2); B. Structure of BTB-BACK homodimer (PDB 3I3N).

3.2 MATH-BTB &H

MATH £5 49 5 £ ZAAAE T EA R 1, MATH £ ¥ 29 120
DR ERRRE, 5 Meprin-A Fl Meprin-B 75 Y C Snah #4k L
S TRAF #E 1) TRAF-C 25 3[Rl 75 42 ", MATH 4544
WEREN FEASEAN A E /R, TRAF A1 Meprin #{i#
B4 Y SR 4T 08 2 i TRAF 8 (18 B = B R 1 i L
TRAF-C H5 MR IERF, 1 MATH 25K 380 i 55 TNF A2 1k
MPET-ZARTE N E A9, 1AM, Meprin-A 1 Meprin-B if fig
i id MATH Z589 30 5 MAM S5 #4381 N s BLAE i1 55 08 —
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BN C o Keleh H52 BT, 12505 48 11 5 2 0 J) S 2 2 A 2
PR YIRDC™, V52 CUL3 fyiiA%E 1, KLHL & F#g 5CUL3
MEAEHS 512 ZREM, I KLHLG fe{eit B 4N 1 Bi%E
A B, R B4 W KLHL3 7E JC i 2 iR i i
(with-no-lysine kinase, WNK ) {5518 [ H #4258 HIEASF 38 L4
O, fge A
3.4 BTB-NPH3 &H

NPH3 4544 58 % T # %) T M4l E m o' 25 H 3 (Nonpho-
totropic Hypocotyl,NPH3 ), i% #& H FIAR [7] Y6 8 H 2 (Root Pho-
totropism 2,RPT2) [d] J& T 2% NPH3/RPT2 & H X &
(NPH3/RPT2-Like family,NRL ), [ 7 £ 41 (02 NPH3/RPT2 %
FIRLG AL 30 45, # A N i BTB Z544380R1 C i NPH3 2%
F3, #8453 G AE NPH3 25 84 3805 & 7 46 i W i 45 #4310,
NPH3 F1 RPT2 £ [ A LAFIAE YY) 6] 6 H (Phototropin, phot) 1
2 AHEAER , S A KRR A KRG LY
RGeS AT - fif R, NPH3 G5 CUL3 7E R HU2H i
i RIAIE A CRL3 E &%), W OGHITE S , photl 29 1%
CRL3 &5z Z AL, Photl 231755 NPH3 M ATAGAE I i
B3R, i phot2 2578 ¥ NPH3 ()78 4 A B 55 e o7, AT
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