2020 2021

The study for mechanism of zebrafish skin pattern pattern formation by
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In this project, | aimed to elucidate the molecular mechanism of zebrafish
skin pattern formation by imaging the gap junction protein Cx39.4 and investigating the binding
affinity value between Cx39.4 and spermidine. | succeeded in Cx39.4 visualizations by inserting a
fluorescent protein tag into the C-terminal domain of Cx39.4. Although | tried to measure the
binding affinity value between ¢x39.4 and spermidine using isothermal titration calorimetry, | had
to optimize the experimental conditions.



B X C—19, F—19—1, Z—19 (@)

1. WFFEBHAA S #) D7 5
BT 77 4 v aRLBaORBL, BaFMiEL BaiMiaoMEERICL v BRI
H Xy TR Z U RNTEaRrF L 39.4 (0x39.4) DORIBRLRY T I ALEMD AL
SVUCOMBANEEDK TICL Y. BAFZMINSED L, RERENET S T, £72, Cx39.4
EOLX v v TREA TR, ALV U ORERFIICT ¥ RVidim T S BRI S D 5

(1) Cx39.4 DA A= T

Cx39.4 NEAFZMIBICEBIE L TWAEZ LITHLNZ/R>TWER, Fv v THEEER LT
WADMNIARBHTH -7,

(2) Cx39.4 L A~YULI U DORES
ZAUL I D UNTIEEDF ¥ — P h b ORS FOABEEYE THY  AICTF ¥y —I LI E R
VEEEREET D, Cx39.4 1XT ¥ XV OBPAZIAET T A N REGFEIKIC 4 DD 7 Z I R

EHLTWAN TEHO I NVE I BN AL I U L O AEERICERE ORI T
Hot,

2. DB

Cx39.4 LA VU EZE LT, BT 77 4 vy aDREFREIZRICK T 507 A =
A LDV R 5,

(1) Cx39.4 DA A=

O Fx v THEGOT ¥ FIEESLT £ o7 U — JREOHIE 2 BLE L7\ EIK I EGFP & 7
AL &2 hT 7 b (Cx39. 4-EGFP) /L4 5,

@ Va—= 7 L-E B s T Cx39. 4-EGFP 23 v v FFEA ZTER T 5 D>, il
WCHERRT 5,

@ Cx39. 4-EGFP # BAZ AL CHRIUT HBIE TR BT 77 4 v a2 OIERLEBIZE1T S,

(2) Cx39.4 L A~ I P DORES
D 2 YL I VUM Cx39.4 EFERTHERARET S,
@ A~ULI Tyl Cx39. 4 N REGREIR & OFEEBFIMEZ ST 5,

3. ek

(1) Cx39.4 DA A=

D €x39.4-EGFP » 7 u—=>2

@ AR Neuro2a -~ Cx39. 4-EGFP ZE A L, 43 7 NV OREEBIET 5,

® cx39. 4-/-F 75 7 4 v a2 DZREII~ Cx39. 4-EGFP A L. RFAb S - En i
BT T 7 4 vy aOaFEMN & EBRBEROBIE AT,

(2) Cx39.4 L A~ULI U DORES
O Ik I UEREREE ) O URRICER LT x39.4 D u—=2 7
@ HEWEN D U A MY —& A= iEAE R o fET



4. WF7EE R

(1) Cx39.4 DA A= 7

@ : Cx39. 4 OEERH D C KEHANZ EGFP ZFE L7z A F T 7 |k (Cx39. 4EGFP) <° C Kl
FEB OB EGFP 23 A L7m 2> X2 F 5 7 (Cx39. 4ins287EGFP, (x39. 4ins255EGFP) . C K
i fE R A A IS BR L C BGFP A L7222 A T 7 b (Cx39. 4exc256-321EGFP,
Cx39. 4exc256-337EGFP, (x39. 4de1256-341EGFP) DV 1 —=1 7 % 1T~ 7, B3I 5ZEH &
LT, MWV 72— —0O FIENBE T2 AL, £, BT 77 1 v
= AERUH IR, BB TR FRRIRBET LI, BT 97 4 v mitfa7 v
T EEEH L7 T 2 FDNA T Cx39. 4-EGFP > U — X &4 A LT,

A T™1 TM2 TM3 TM4

341aa
Full-length Cx39.4
NT & L 8 cT
EL1 EL2
341 EGFP
Cx39.4EGFP o | ] | | e s——
at 287 position
CX39.4inst7EGFP
at 255t position
CX39.4in5255EGFP

EGFP domain insertion

256-321
Cx39.4exCz56.321EGFP*

EGFP domain exchange

256-337
Cx39.4excs6.337EGFP

255
Cx39.4delss54EGFP  —HE—F———————

@ : ()-OTERL7=7F A F DNA %3 A L7z Neuro2a M2 SOCBMEE CRIZE LI- L =
7. Cx39. 4EGFP LIAA D = 2 N5 7 b Cx39. 4ins287EGFP, Cx39. 4ins255EGFP, Cx39. 4exc256-
321EGFP, Cx39. 4exc256-337EGFP, Cx39. 4del256-341EGFP |28\ T, v v TS DK & 7~
T T =7 ORI Lz, F v v THEGEER LTz A N T 7 FDH B Cx39. 4del 256-
341EGFP O X v v THEA TR B LE R TR o722 & v, Cx39.4 O C KD 4 7 X/
FRIZZ RV BEOT 27 ) — LAIREFIENCEbD - TnD Z ERRBE ST,

4»

Cx39.4EGFP Cx39.4ins,55EGFP Cx39.4ins,5;EGFP

P

CX39.4eXC256.321EGFP CX39.4eXC255_337EGFP Cx39.4deI255,341EGFP




@ : ()-DOTIEBL L7 Cx39. 4-EGFP > U — X2 ZFNFNFHT 5 cx39. 4+/-FT57 4 v =
DIRFERRRZBIEL LT, TORR, (D-OTX v v I FEG 77— 2 2k L7z Cx39. 4-EGFP %
BETLHBEBEBETHRERT 7 70 v ald, RREHKZEELE, UEOZ E b,
Cx39. 4ins287EGFP,  (x39. 4ins255EGFP,  (Cx39. 4exc256-321EGFP,  (x39. 4exc256—-337EGFP,
Cx39. 4de1256-341EGFP |{ZOWTIEF v v 7HEEDOT v FOVEEERE L2V 2 LRI IR
Tme £77. ZINOOEMNBIGFERBTLIE T T 7 40 vy a0 BAFZMRKENIZIL., v v 7
GO E T T T — 7 PEIEI T,

CX39.4in3237EGFP
>> ¢x39.4

e
Cx39.4ins257EGFP >> ¢cx39.47-

(2) Cx39.4 L A~V VDS

@D : T v b Cx40 X° Cx41.8 OYefTHI%E 4101 25E (2, Cx39.4 O N RigfEko 7' v 2 2 g
(E) #VU v (K) I2EHLL7-, Cx39.4 O N RKEFEIRICIZA DD E R H D0, KFFETIZZED
IBLD 1 oM K ICEBESNIZa A RMT 7 b (Cx39.4E10K, Cx39.4E14K, Cx39. 4E15K,

Cx39. 4E18K) & . 2075§szlﬁ?ﬁéﬂf::‘/x o 27~ (Cx39.4E10,14K) 7 u—=2 7%

1T-7

A
Name Amino Acid sequences
Cx39.4 MSRADWGFLE HLLEEGQEYS TGV..
Cx39.4 E10K MSRADWGFL{J HLLEEGQEYS TGV..
Cx39.4 El4K MSRADWGFLE HLLEEGQEYS TGV..
Cx39.4 E15K MSRADWGFLE HLLERGQEYS TGV..
Cx39.4 E18K MSRADWGFLE HLLEEGQRYS TGV..
Cx39.4 E10,14K MSRADWGFLEY HLLEEGQEYS TGV...

10 141518

@ AL IV b 0x39.4 O N KGRI O FRIFEAERZR 5720, FHiRFEeH e Y
A U —ZHWTHREASIRNT 21T > 7275, Cx39.4 & Cx39.4E10, 14K ik“v‘o%%x/\w\‘ ok
FEE LW L2 R RMELNT, ZOFEROMEMmAZ HT 720121, €x39.4 DN EEJﬁ'ﬁ“\D
TF RORBEDEIRL, 2, 2, 2—-trifluoroethanol DEHMNZ ié“U/ﬁX%m@ﬁﬁ
HEHEVT Y RORBEILE WS T ERFMUORE L EE(LPVLETH D,

<5 F 3Tk >

1. Inaba, M., Yamanaka, H. & Kondo, S. Pigment pattern formation by contact—dependent
depolarization. Science 335, 677 (2012)

2. Nakamasu, A., Takahashi, G., Kanbe, A. & Kondo, S. Interactions between zebrafish
pigment cells responsible for the generation of Turing patterns. Proc Natl Acad Sci U
S A 106, 8429-8434 (2009).

3. Watanabe, M. et al. Spot pattern of leopard Danio is caused by mutation in the
zebrafish connexin4l.8 gene. EMBO Rep 7, 893-897 (2006).

4. Watanabe, M., Watanabe, D. & Kondo, S. Polyamine sensitivity of gap junctions is
required for skin pattern formation in zebrafish. Sci Rep 2, 473 (2012).



5. Watanabe, M., Sawada, R., Aramaki, T., Skerrett, I. M. & Kondo, S. The Physiological
Characterization of Connexin4l.8 and Connexin39.4, Which Are Involved in the Striped
Pattern Formation of Zebrafish. J Biol Chem 291, 1053-1063 (2016).

6. Irion, U. et al. Gap junctions composed of connexins 41.8 and 39.4 are essential
for colour pattern formation in zebrafish. Elife 3, e05125 (2014).

7. Frohnhofer, H. G. et al. Spermidine, but not spermine, is essential for pigment
pattern formation in zebrafish. Biol Open 5, 736-744 (2016).

8. Usui, Y., Aramaki, T., Kondo, S. & Watanabe, M. The minimal gap—junction network
among melanophores and xanthophores required for stripe pattern formation in zebrafish.
Development 146, dev181065 (2019).

9. Lister, J. A., Robertson, C. P., Lepage, T., Johnson, S. L. & Raible, D. W. nacre
encodes a zebrafish microphthalmia-related protein that regulates neural-crest—derived
pigment cell fate. Development 126, 3757-3767 (1999)

10. Musa, H. & Veenstra, R. D. Voltage—dependent blockade of connexin40 gap junctions
by spermine. Biophys J 84, 205-219 (2003).

11. Musa, H. et al. Amino terminal glutamate residues confer spermine sensitivity and

affect voltage gating and channel conductance of rat connexin40 gap junctions. J
Physiol 557, 863-878 (2004)



Usui Yuu Watanabe Masakatsu

Role of the Connexin C-terminus in skin pattern formation of Zebrafish

2021

BBA Advances

100006 100006

DOl
10.1016/j .bbadva.2021.100006

https://ww. fbs-osaka-kondolabo.net

https://m_kawasaki-m.ac.jp/classroom/course.php?id=202

(Watanabe Masakatsu)




