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[ Abstract]  Objective CRISPR/Cas9 and Cre-loxP were used to construct the conditional knockout of taurine
transporter (TauT) in the central nervous system of rats. The mitochondrial mtDNA and mitochondrial respiratory chain

enzyme activities in brain tissues were studied. Methods CRISPR/Cas9 and Cre-loxP techniques were used to obtain
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heterozygous rats ( TauT"*™") with loxP at both ends of exon 5 of the TauT gene. The obtained TauT rats were mated

with Nestin-Cre rats. After breeding and identification, neural-specific TauT gene knockout rats ( TauT""""“*" ) were

XPAosP/Cret pats were detected by Real-time PCR, Western blot, and

obtained. The gene and protein expressions of TauT"
immunohistochemistry. The morphology of brain tissue was observed by hematoxylin-eosin staining. The mtDNA copy
number and mitochondrial respiratory chain enzyme (I/II/III/IV/V) activity in brain tissue were examined. Results

Compared with wild-type rats, TauT gene and protein expressions in TauT""""/¢*

rat brain tissues were significantly
decreased, and the TauT gene was successfully knocked out in the central nervous system indicating the knockout model
was successfully constructed. Hematoxylin-eosin staining showed that the number and density of brain cells were
decreased in TauT"""“** rais and cytopathic changes more obvious in the brains of old TauT""""“** rais. In
addition, compared with wild-type rats, the activities of mitochondrial respiratory chain complex enzymes [ , I, IV,
and V were significantly decreased, but the copy number of mtDNA was significantly increased. Conclusions The
model of TauT gene knockout in the central nervous system of rats was successfully constructed using CRISPR/Cas9 and

Cre-loxP technology. The effects of TauT knockout in the central nervous system on brain tissues, respiratory chain

enzymes, and mtDNA of mitochondria were verified, providing a new model platform for the study of the molecular

mechanisms of taurine and TauT in brain tissues.
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1 HREE200 g (18 F S 2 ) 2 B B2 27 S 5 2
YIRESE A [ SCXK (51)2019-0011 ] ) 3 TauT""™" K i
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UAE R AR W BB 0y A PR 2 R 3K [ SCXK ( 5Y)
2019-0008 ] ) 1 SPF 2 filt M KB, 2 H B K
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TTCTTCCACC-3’; F ¥ 5 ’-ACCACCCTGTTGCT
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COX 1 L H N5 ¥). 5" -TAATTCGAGCTGAA
CTAGGAC-3", I i 5| #: 5’ -TACAAGTCAGTTC
CCGAAGC-3" ; B K/ 143 bp, WSEH Rpl4 L
W K. 57 -CACGCAAGAAGATTCATCGC-3" , K iiF
514 5° -AACAATCTTCTCCGATTTGGC-3" ; A Br K
/194 bp, 20 pL PCR JZ W {& % : 2 x SuperReal
PreMix Plus 10 pL,ddH,0 7.8 pL, 514145 0.6 pL,
BB 1 pl, qPCR [R5 4:95°C 15 min THAEPE,
95°C 15 s, 60°C 1 min, 40 41 35, it %8 )5 ¥
[ 1.3.3,
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B A Tl T

LRI WA 5245 IS 0 A0 2 38 AR 8 35
SULHTBIREPAT, FEORUL, M 2 41K RN ZH 41
BIREAIE )R, 1430 t/min, 10 min B F 3, F 9525 1/
min, 10 min BULIE, K & ¥k w0 i 26 k1K 5,
Bradford WA 2 MR BE , SR J5 1 FH 28 4b/ AT UL 4350t
FEASHE AT G A4 O 1 5% 6 0 M 00 %E . Complex 1,
I .10V, V43504 340 nm 600 nm 550 nm 550
nm 340 nm ¥ WG R, BEE IR E A S
[ (RE - T5 380 xR R & (mL) x A i i
BB ) <[ RE 25 i (mL) X Z2 B8 JR W 5 B 8 x [ vy
] (min) | = B0/ 2T+ (BRI ) 2250/ 2
Th=2107/2 55, Complex I/ I /I/IV/V 45 5t 8
394 : umol NADH/ ( min * mg) ; wmol DCPIP/( min
*mg) ; wmol CoQH,/(min+mg); pmol CytC/( min -+
mg) ; umol NADH/ (min-mg) ,
1.4 SitZEHiE
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G R A SRR 1 PR,
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Bk KB EE DNA (1Y PCR %88 25 R &l 3.
TauTloxP/lnxP 21%- @( % j\] . %% , 712 bp ; TauTloxP/WT % %
T NS5, 712 bp 1 632 bp; TauTV" V" F 1 h —
265,632 bp (Bl 3A); Cre — 457,437 bp (A
3B) ; TauT""" KUK AL LY TauT 3 K94 @k 5% 5
MRV R 290 bp(E 3C)
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CRISPR/Cas9-mediated target integration
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oxe L7247, 800 bp— | T %¥%.800 bp —
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1 FIfH CRISPR/Cas9 $ ARMIE: TauT""V" K E/RE R

TquP/WT

Figure 1 Tau rat schematic diagram constructed by CRISPR/Cas9 technology

A 110 TZ0 T30 T40 TS50

TORCAGATATCATAACT TCGTATAGCATACAT TATAGCAAT T TATIGACT:

S 4H 7 5

1 200 400 600 800 1000 1200

loxP loxP

T A DI AR BoRHE 5 SME T PISE A loxb FE8I (LLEME) s B 153N FH LEX 45 8 WAR 5 5 41 W7 Pisiis loxP 73194

A
Bl 2 loxP FEHFH] X2

Note. A, Gene sequencing results showed that loxP sequences were inserted at both ends of the fifth exon(red box). B, Comparison with

the genome sequence showed that loxP sequences were inserted at both ends of the fifth exon.

Figure 2 loxP gene sequence alignment results

£1 F1~F3 R EREN

Table 1 Reproduction of F1~F3 generation rats

1%%& 'l:lj /Elij( EEL Eﬁ,ﬁk lﬁ ﬂt&;lﬂ; jt ﬁ TauTWT/WT THUTIDXP/“T TauTleP/loxP g@ﬁ%( % )
H# HH# HA H# R H#
. Number of Number of Number of Number of Number of Number of Homozygote
Generations T ,
born rats male rats female rats TauTV/WT TauT¥/WT TauT oxt/loxP rate
F1 43 23 20 22 21 0 0
F2 18 10 8 8 4 22.2
F3 21 8 13 0 10 11 52.4
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2000 bp
1000 bp

750 bp f
500 bp

250 bp

7 :M:DNA ARiE;A: 1.2 TauT VT ;3 4. TauTVV VT ;5. Tau TP B, 1 2 3 4. Cre FHME; C: 12 KK TauT F& DX B BR 4%
520 /NI TauT JE B FBRES S,

3 S SRR R K B 4 PCR % e &5
Note. M, DNA marker. A, 1/2, TauT " VT 3/4  TauTVVVT. 5 TauT'""" B 1,2, 3 and 4, Cre positive. C, 1, Result
of brain TauT gene knockout. 2, Result of cerebellar TauT gene knockout.

Figure 3 Partial PCR identification results of conditional gene knockout rats
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BEAN i 3 G 2 AL EE Tau T O KRR
i K7 J2 FiE Ty (CA3 X)) M/ o TauT 2 #£ ik 5
WT 20K FRAH EE B 2, e 0 S AL 8L &
TR 2R, X 5RAENRE R - (nEe6) .,
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&R

M HE etz iR .2 Al TauT™ 0 K
S5 WT K EUH LG, Rl Bz 51 1 5 DG DX 20 i %5
BB EA T (K 7TA/7B 7TA1/7BL) T 12
HAE ) TauT™ " KRS WT B L, I Bz
JE AN DG DX 20 M B 1 T %, &5 4 HE B m A 3K
L, 20 M A% M 3% SRR (181 7C/7D 7C1/7D1)
AN 12 H R BRI B2 B # i &5 DG X5 2 A i
KA L, 40 245 4 5% P2y, 40 A HE 51 S B0 A

Z 154
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# g B wT
i e
= °
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<z
g ¢
& 054
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= L
8z
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o

& 0.0

oL i i 5
Heart Liver Brain Kidney

T : Tau TP/ S S FURT WT KB TauT mRNA F5A0 X E i 43
Privd, 5 Wr 4k, = P<0.01,
4 TauT™"" O WT KRR LU
# A E TauT mRNA RIBHEHL (n=6)
Note. TauT mRNA expression in TauT*"/F/Cre* ot and WT rats
was compared quantitatively. Compared with WT group, ** P<0.01.
Figure 4 TauT mRNA expression in brain tissues and

loxP/loxP/Cre
organs of TauT*""™"*" rats and WT rats
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(7).,
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BRI EEE ARE T IV, VI EE/RT WT
R , R A LR E A R T %A 32 252
(N 8A; 2 2), AN, TauT "¢ K B ini 21 21
mtDNA ik b WT K EU & T+ (1018 8B)
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Figure 5 TauT protein expression in brain tissues and other organs of TauT"™"™“*" rats and WT rats

A B.C.DE F: TauT" O It JF BB WSS (CA3) /MGG HL LT K L WT KB T B BB 5 (CA3) /M,
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Note. A/B/C/D/E/F, TauT® ¥/ Cre* 1ap heart, liver, kidney, cortex, hippocampus ( CA3), cerebellum. G/H/1/J/K/L, WT rat heart, liver,

kidney, cortex, hippocampus, cerebellum.
Figure 6 Comparison of immunohistochemical results in the heart, liver, kidney, cortex, hippocampus and cerebellum of

1! 1
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Note. A/Al, Cortex and hippocampus of 2-month-old WT rats. B/B1, Cortex and hippocampus of 2-month-old TauT'"/ /Gt g1 C/C1, Cortex
and hippocampus of 12-month-old WT rats. D/D1, Cortex and hippocampus of 12-month-old TauT'*/ 1P/ Cret a5,

TloxP/ loxP/C re+

Figure 7 HE staining of cerebral cortex and hippocampus in Tau rats and WT rats of different months of age
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Figure 8 Activity of mitochondrial respiratory chain complex enzyme in Tau
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Table 2 Activity of mitochondrial respiratory chain complex enzymes in brain tissues of Tau
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