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Association of MCTs Expression with CNS 1n Zeberafish

T ¥ R (Abstract)

Astrocytes provide energy to neuron mainly with lactate, which is transported through
monocarboxylate transporters (MCTs). Among 14 isoforms of MCTs reported in mammals, only
MCT1, 2 and 4 are expressed in brain and the three isoforms are found to differentially expressed in

neuron and astrocyte, respectively. Based on these, “astrocyte-neuron lactate shuttle” has been

proposed. However, no in vivo evidence was available so far to support this hypothesis.

In the present study, zebrafish was used as a model to provide in vivo molecular physiological
evidence for the involvements of MCTs in the development and functioning of central nervous
system (CNS). Full-length cDNAs of the zebrafish MCT1-4 were cloned from zebrafish. Based
on RT-PCR results, zMCT1 and zGLUT4 expressed in brain were chosen for further experiment.
Morpholino knockdown experiments provided for the 1% time the in vivo evidence to indicate that
the zMCT1 and zMCT4 may be involved in energy translocation and functioning of the developing
CNS.
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Accession / Genomic

class Protein e N
Prediction Numbers Location
GLUT1 ZGLUT1a ENSDART00000046227 Chromosome 16
ZGLUT1b ENSDART00000025414 Chromosome 23
ZGLUT1¢ ENSDART00000019804 Chromosome 1
GLUT2 ZGLUT2 ENSDART00000046227 Chromosome 16
GLUT3 ZGLUT3 ENSDART00000019941 Chromosome 3
GLUT4 " - —_ —_
GLUT5 ZGLUT5 ENSDART00000045075 Chromosome 23
Chromosoime flagjlllelﬂ
GLUTé ZGLUTS ENSDART00000018236 110644
GLUTT — — -
GLUTS ZGLUTS NM_212798 Chromosome 5
GLUTY ZGLUT9a ENSDART00000054742 Scaffold Zv5_scaffold1472
ZGLUT9b ENSDART00000064663 Scaffold Zv5_NA2351
chromosome fragment
GLUT10 ZGLUT10 ENSDART00000013280 cto11341
GLUT11 ZGLUT11a ENSDART00000017028 Chromosome 10
ZGLUT11b ENSDART00000048605 Chromosome 5
GLUT12 ZGLUT12 NM_956832 Chromosome 23
GLUT13 ZGLUT13a ENSDART00000019487 Chromosome 25
ZGLUT13b ENSDART00000034647 Chromosome 25
SGLT1 ZSGLT1a ENSDART00000048218 Chromosome 3
ZSGLT1b ENSDARTO00000039955 Chromosome 10
SGLT2 ZSGLT2 ENSDART00000040380 Chromosome 20
*
SGLT3 —_ —_ —_
SGLT4 ZSGLT4 ENSDART00000024433 Chromosome 8
He— FLPWE (ENSEMBL Genome database browser system) [ fii(zebrafish, Danio

f@fz'o)ﬁ‘%%%?%fﬁi@ﬁiﬁjiﬁ(glucose transpoter, GLUT )= & [BE" /&y F P o] ]3E0
ﬁﬁjﬁiﬁ(Nf-dependent glucose co-transporter, SGLT)eyg's)#rdid o



Juman L&
Genename  Proteinname | Nucleotide ID | Nuclectide|D  ENSEMBL predict franscript ID Protein ID
[ SLC16A1 MCT1 NM_003051 NM_200085 ENSDARG00000042516 NP_956379 ]
SLC16A2 MCT8 NM_008517
I SLC16A3 MCT4 NM=004207 NM=212708 NP=997873 |
ENSDARTO00000038525
SLC16A4 MCT5 NM_004696 ENSDARTO00000005677
SLC16AS MCT6 NM_004695 ENSDART00000045186
SLC16A6 MCT7 NM_004624 ENSDARTO00000033382
ENSDARTO0000009363
ENSDARTO00000018177
SLC16AT MCT2 NM=004731 XM=6841 22 ENSDART00000023099 XP=6892 14
SLC16A8 MCT3 NM_013356 | XM_681038 ENSDART00000045856 XP 686130
SLC18A9 MCT9 NM_194298 ENSDART00000020167
SLC16A10 MCT10 NM_018593
SLC16A11 MCT11 NM_153357
SLC16A12 MCT12 NM_213606 ENSDART00000014087
SLC16A13 MCT13 NM_201566
SLC16A14 MCT14 NM_152627

FLPWE (ENSEMBL Genome database browser system)[[IZ#:f fli(zebrafish, Danio
fefz'o)ﬁ‘%%ﬁﬁﬁﬁliﬁﬁﬁ?ﬁ?}fI(monocarboxylate transporter, MCT)ELNErFoipr
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(Z ) #E&1-2 RNAM (EEAT &

L. JKtotal RNAESEES (4°C > 13000rpm > 3053 81) & > I'|70%EtOHETE ™ iz
(3TCHAT) -

2. HizEYtotal RNAFIYT* Oligo(dT)s Primer lul ~ dNTP Mix 8ulL ~ RDW 14uL -
R 65 CRUR S SoTEH i - POFsZF Fia 150 3 -

3. 1 0.IM DIT 4uL ~ 5X First-strand Buffer 8uL ~ Random Primer 2ulL -~ RNase
Inhibitor luL° fF'I'JE?‘42°C5%iiﬁLH127'7Q_J

4. s Reverse Transcriptase (RT) 2ul > ’FEEF T A ER40uL > 22
I 42C 1

5. p*1X TE Buffer 40uLixkb#780°C 55564 » 7 &)1 * RNaseH 3ulL » %¢#4*37°C3057
o ﬂnaFM"‘UJ‘ EATR &~ cDNATEES {z[&PCR

=) WERL-3 RIS VeDNA > TE S PORP AT
1. J¥fcDNAME LB GREHIE < ng/ul) > FA260 (FJR) 22A280 (S7f 1BF) E=ifr™
1.6I') = FIE~PCR -
2. SEFPCRM ) R DN T T
E[H‘ Y 2xPCR MIX ( F,Dye » Buffer ~ Taq (YEHLRIFITFVEE "‘Wﬁfi)
10ul ~ ¢DNA 1uL - %E‘qﬁf?f‘%[ﬁ?fl—ﬁ—actin fYForward and reverse Primer i luL ~
ddRDW 7mLix: » 3%/=PCR® SL—?]‘JJ?? PE]?J?‘[? '?%&CDNAY%R“'?FF#@T °

(p4) drE&1-4 @BF;\T}* VSRR F'm FSFHPOAZFAE
*EIHJF* u]EIJEJgIUCOSG transporter (GLUT) ~ sodium-glucose co-transporter
(SGLT) -~ EFfﬁEﬁlﬁﬁE@?E' (Mcr)
L. JFfcDNA™1 ﬁl[ﬂﬁf [Eprimer » Ef5s
(1) GLUT: FVi= A 5 Fs p R s Sk e 0 » oy s s
la»
Ilb~1c~2~3~5
(2) SGLT:la~1b~2+4
(3) MT:1~2~3-4
S PCRM P TAT + [N B T IR G — BIRSLERRE 1 (ICT) -
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E‘Lac \ LACTATE
r NAD*
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., PYRUVATE
DT e
B OHHCOy
<7
/ Na+VCa2+ Na+
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Glutamate receptors

¥ EIE
K+

[l = IR Ao o Ao B TS o Fﬂ%”%ﬁl{ﬁﬁﬁ?ﬁ?'l(monocarboxylate transporter,

MCT) v AHASEAL I P S5 o SR TS A | o Yo B

TN HRED B ﬁ’ﬁmk——Inmunocytochemlstry [nRl et A
k ﬁUEE} D PONA @ & 17 55 2y VA
Anti-Hu @ & 3755 [ VAR o

* MRS PR Morpholino (MO) ?ﬂﬁfﬂﬁ'@ﬁgﬁ I’?’T"’?‘/(ﬁﬁﬁ IR T O F
Vq ?’éﬁ? AP

(— ) BrEE2-1 ’]JTE?JF’? VLN = S p%*IF‘
l. 7’7&}[&[5]’3.6.10.12.14.16.18.20.22 hpf Chpf : hours post-fertilization) ®

1.2.3.5.7dpf (dpf:days post-fertilization)d 141Jﬁ?V8uL pip 2xPCR MIX
10uL ~ ELPK'IE‘JP 1% Forward and reverse therfl lul » Eu:fPCRB%’?TﬁT’? > i
EATERL P = S A O FMOTY ﬁ?J [=H])
(1) SRS - s = sl e
(2) #FRgs « IR R fs{microinject ion JRMOT™ * — APVl = AP IRV, £l
THEYN > V=] 4%paraformaldehydexE = S 13 ’J‘E?j(4°C) , J‘ILF‘*‘J?“QMEJE’M
T (2SR

(Z) #ER2-2 (=g

}l—jf (73 5% 1dpf.2dpf.3dpf > 75 P& = Hoe

L. K FU) IXPBSIEI.2-37% > B751057 4

V1009 Ethanol ff1-20C 1053 4 »
P IxPBSH 53 i1 2- 3%

(271055688) » B4 T39%BSAE “blocking 30554
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STHIp = Ak FH‘?F#UFE} DI AR VL, Proliferating-cell Nuclear Antigen,
PONAG ') W Ant i -Hu: SRR F AP 1 53 BB o 20 4 C il -

2. MIIxPBSH{ - ¥ Ffﬁﬁ”?%?%ﬁﬁ (B7R1055 8 > 792-3%) Hizist i - 3282 A i
(Anti-mouse-FITC):E = 55k :t‘ » RN fﬁ*fﬁfﬁ‘ R

3. I'JIxPBSHEYH2-37% > izmlon;i?‘ USRI TG B fLFET%F:rE[E;E"
R

Whw= iR I'h'——?"m%ﬂ%ﬁﬁfr’ﬂiﬁ
(=) WER3-1 i TERESETROET
1. v E?'TRFL’TFZ] ’ Hﬁ'ﬁ"lz‘iiﬂﬁﬁ TH 2 mlafEn VISR (homogenizing
buffer; 25 mM Tris-HC1, 0.25 mM sucrose, 20 mM EDTA, 0.4% NaDeoxycholate,
PH=7.0) = irf VEF5) Bl (Sigma, USA) o (7" AHROEAHY
(Potter-Elvehjem homogenizer) » I'J600 rmelfJﬂiEiﬁﬁé[ﬂ'ZOﬁ'i%f;’ﬁm@T%Z P 4CTH
13,000 rpm#E=3057 8 > A FRAFHSFEEPS > S U U] (S BE - 2V TR
T35 TR 8O C AR 7 20 RE T Srp 1T A
2. E?E@T%EéfﬁﬁBradford (1976) putE ’ﬂﬁﬁ—f@?&fﬁﬁ”zoom’ﬁ s FlIR AP
EVEYER - FIUp Y S VRG] o PR 59S5 mmpi 5T A A FREE T EE
(Z) #gw3-2 ?“ﬁj%’l%ﬁjﬁi?
L BRIV ETRI40 n g o WIS 1I6% SDSET HFREEIIHT (SDS
polyacrylamide gel electrophoresis, SDS-PAGE) °
2. FA%|Tricine-sodium dodecyl sulfatefsijsak » i FIUT P s 1RVRA 171 S
fﬁf%@ Fsample buffer » #7737 CUEN055 & > I')SDS-PAGEE = %T ﬁl - R
?U%‘{%ﬁ?’iﬁﬂ °
(=) #ER3-3  BvBiEd] 57
1. AEZFNSDS-PAGEFET .V L » FI[¥ I Trans fer buf fer! | Fors LR jreB T EE
& S TEHE Immobi lon-P membranes (Millipore, USA) > I 100[’%40%’%
i%(’:féﬁ"lﬁM'J‘Eﬂj%z » #=blocking solution (5% nonfat powdered milk in PBST,
Phosphate buffered saline supplemented with Tween 20; 140 mM NaCl, 3 mM KC1,
10 mM Na2HPO4 and 2 mM KH2PO4, 0.2% Tween 20, pH=7.4) ~/E= 'J/\Z’J‘Eﬁ”f ’
Y[ PBST bufferiflik1057 6 - Ert3.w » J‘JIOOOfﬁ%%E'UHu—protein?E&Eﬂﬁﬁu
i MR IIPBSTIEE3 W1053 i o F 53 HI=Goat anti-mouse 1gG-AP
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conjugated= 1’&ﬁUEE (Immuno Reseach, USA) (1000]%’,%7%”) %’iﬁﬁ%l"??"éfﬂ']
E?j » IIPBSTIE1E 371055 &# % - 1 * alkaline phosphate substrate buffer ( 100
mM Tris-HCI, 100 mM NaCl and 5 mM MgC12, pH=9.5) ST 15564 - & ' NBT
(nitroblue tetrazolium salt) #[BCIP (5 - Bromo-4-Chloro-3-Indolyl
phosphate) substrate kit (Zymed, SF, California, USA) Eb~T#TEd e o

2. 75?%&?5'1%@1@ P[P P [ 5 P e b 5y Fi.l}’;[/%ﬁffl o BV b R B TVEY (T

ASTIFF ffi% ﬁ?iﬁj?ﬁ‘ (Image-Pro Plus, Version 1.2, Media Cybernetics,
Silver Springs, MD., 1994) & 53712 » Rk i s P 7 Pk v v
R

o~ PR R
- TR SR N SRR OASIE (HIRL-4) FURE (DY)
:‘LyIFEjjjTE’?E FiRf= [ f;’*ﬁ;ﬁ? PRAEPEE = A > 20T qfﬁ e gjlﬁjﬁug@%paﬁgm

SLPlsgltla ~ sgl 28 AR < SEE - WG EORGEIRRLY FI0 © BERITAS [ /R
PRI A /IR R ) RHGE T 1 YRR A BRI 2 k-

F=> ﬁj@%’/ﬁb%ﬁ%fﬁ]@ﬁiﬁjﬁma -dependent glucose co-transporter, SGLT)®EE|[=E
P KRR -

B ﬁﬁﬁ?ﬂﬁg(glucose transpoter, GLUT)Z® Fl'i%’cﬁlﬁﬁ?ﬁﬁl(monocarboxylate
transporter, MCT) " ﬁ”ﬁﬁfﬁﬁé‘* TE R - (T By PR E (g lucose transpoter,
GLUT)=!% Jick El*’ﬁm}‘a Eﬂﬂﬁlﬁﬁ?ﬁrﬁ (monocarboxylate transporter, MCT)EJPE“ =
Rl o N LAY TE?TA]WEEI*J?"JV?FIEij FI VR FEAESE 2 Ak H’Tﬁﬁk 3R ) B F"JWFTJTJI?{E RILE
YR ﬁ%l’;lrﬁjm > FHFTHCE pr P PR Y HRELE T 1 (MCT) BL P forprafssf gy -
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E B GH | LSpKM

SN e = o=, €8 - e e—

glut?
glut3
gt
saltla

salt1b

sl

st

mct

mct2

mct3
mctd

actin

qgﬂlp Y

— H-.—-

PV VR RIS AR B RIE LR PN SR FUS AT RSV AT o REEHE - 1R
(primer):%=30 cyclesd %Ei‘lﬁﬁlfjggﬁﬁi?ﬁ@@%’@%
(reverse-transcription polymerase chain reaction, RT-PCR) - actinfl[X%
AR IRE = B CE) B (B) IR CG) =38 (H) /1 (1) 7538 (L) 438 (Sp)
PR (K) TR ()

13



= ERAERL P = R A (- 1) U ()

MCT1 ™ MCT2F P REYIE] & FLal ) ¥R E R v AR > (EIMCTLRL PN A PO SRIRNCT2
[ORHBRELIE > ORNCTLE EVrRREATG) o 0 NCT4 o F/ AU PR (17 14hpt 52 flI~ T F)
A P BT LR R Y 5 &ﬁﬁfufﬁ%ﬂAP > iR ENCTA RV A 5

Development of CNS

= fTARELEE ST 1 (monocarboxylate transporter, MCT) ™ fiUT [l 58 #r i HR
FUNFSL e fi- 191 (priner)i£i730 cycles | LRI ERTR 1 Mg
T(reverse- transcriptionpolymerase chain reaction, RT-PCR) ° actinﬁl[ﬂ

%Eu'ﬂﬁ'ﬁjﬂﬁz?hpf: hours post-fertilization;dpf: days post-fertilizatione

b

~ SRR ML WA I P (Anti-Hu)
(~ ) $EA (Anti-Hu)
}Hrﬁ]” FR{==BE Pl (1,2,3 dpf) ~ FIIM] Anti-Hu (RIGES PV - i
O G I U SR 5 ST R €k R R LT I SR
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1 dpf

2 dpf

3 dpf

ﬁgﬁ["’ﬂ

Bright Field Anti-Hu-FITC

250 pm

300 pm

@ﬁ;@ﬁ;g[qajﬁ‘i?},ﬁgﬁx[ﬁjéﬁﬁﬁﬂjjﬁfﬂﬁfﬁj@ﬁrﬁl”ﬁu’fﬂ*— Bright Field: F'jdl

KN ERFUVEE o Anti-Hu-FITC: SEFPRAETV PURE S 1149 AT 1 -Hu
protein ° F‘ijﬂgf{’ﬁfﬁE@i‘%ﬁ?iﬁléﬁ?jElfJi‘%iﬁﬁﬁE‘ﬁﬁl o dpf: days post-fertilization e

F A IRl i 2

l.

2.

1dp fPUZEfs & fL
B BT H PHREBLE S0 AT o A =% > BTl o)
FERL PR ZA T o JT ST e P E A 2k J[%%nw JPREE

s < SR pr’T P AN B | LA O RAEA e o LT B ]
[ =R P B ~ [ AR B g fes | A R o

2 RS & f
AT LA i BLE I B AL YRR ] - P

R o TR PR LR PR S FTAE (Sl ¥ = RIS

SUEPA IR AR B R U BRI ) @
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qgﬂl

3.

3dp V=L & FL
FER FLAS F " pLEIE B AL o SR PR
FERLFORRE A o B ulﬁlaafﬁ@*ﬂﬁzﬁﬂﬁw £ TR B

I ¢ B TR R < S R pUR AR T
PSS - RS [ RROAL ) (U0 1) A R
S -

(Z ) B (Anti-Hu)

[ MO g == (=8 G EL S 2 dpf K4 (1dpf, MO pv3s o iE Fgﬁ,
3dpf, MO FHUZ R I) 74 BRI R ZIPURL MCT S 17 20 2 B‘Lﬁrﬂl&,j’ﬂT
%i?%:—%ﬁg N7 SRWEISS B L%ﬂ&[ﬁ'gﬁ? Eﬂjfr gﬁ PR 25 0] 2dpf Ao B I
{’?ﬁ:«]‘% .
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