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Abstract To explore the effect of IKBKB gene c.1183T>C mutation on immune response, CRISPR/Cas9
gene-targeting strategy was used to introduce a corresponding mutation in the /KBKB gene in C57BL/6J mouse
embryos. Genomic DNA was genotyped by PCR and confirmed by Sanger sequencing. Both splenic and thymic-
lymphocytes were isolated by density centrifugation, and then the mRNA and protein expressions of members of
IKKs family were detected by Real-time PCR and Western blot, respectively. The MOE (molecular operating envi-

ronment) software was used to analyze the PDB structure of the protein and to establish the 3D model. Sanger se-
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quencing results showed that the mutant mouse was accurately generated and normally propagated. In addition, the

mRNA expression of /KBKB in splenic and thymic lymphocytes from mutant mice was comparable to that in wild

type cells, whereas the expression of IKK[ protein in abovementioned lymphocytes of the /KBKB Y397H mutant

mice was obviously decreased. Furthermore, protein structure analysis showed that the conformational structure of

mutant IKKf protein obviously changed. These results showed that the abundance of IKKf protein was reduced

in mutant mice, which might be caused by the disruption and instability of spatial structure of mutant protein. This

research provided a good model basis for further exploration of the site mutation to the steady state regulation in

immune cells and its pathogenic mechanisms.
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SPFZ4~8J& i C5TBL/6I/IN 5, i1 _E i 75 77 5 2
AP SRR, N AR FRAEIE R (21~22 °C) A
2O IEISPRLEN W 55 A, 12 Wt E R, 4 H
NER B AR UE U SR . AR SC RIS SE 56 T
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Fig.1 gRNA sequences design
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1 Kb DNA ladder

M: B R/MEZRFRC .

M: marker.

E2 IRBEVEEEALFE K E Cas9 B gRNARE R = 4]
Fig.2 Identification of Cas9 and gRNA transcripts by agarose gel electrophoresis

(A) (B)

bp M EI8 E19 E20 E21 E22

‘;A;TC;ACT&TG;GACTCLGET

A: BRI ZHDNA PCRI™ W5 R M %% FLVK 26775 B: Sangerill F45 9. M: *F?Eaj(/J‘TaTi‘TIE WT: Erizft HE: 2448 HO: 45 A, 4 tafiskon

FRASHHFANT 15 . E18~E22 M5 [R5 H/NR o

A: agarose gel electrophoresis for PCR product of genomic DNA; B: results of Sanger sequencing. M: marker; WT: wild type; HE: heterozygous; HO:

homozygous. The red arrows show the mutated base site. E18-E22 represent the repeat for 5 same generation mice.
E3 FoRT/NRIKBKBEREMEERBLELER
Fig.3 Identification of IKBKB gene genotype in F6 generation mutant mice
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AE7B), P<0.01, Z R EAG G55 Lo



474 WIS

Splenic lymphocytes Thymic lymphocytes
(A) (B)

_ '¥] B3 wr 3 HE M HO . "1 3 wr £33 HE EEHO

ﬂ)i 8

S 1.04 Z1.04

o o

: s

: :

o 059 o 0.59

2 2

= =

& &

O T T O T T
IKBKA IKBKG IKBKA IKBKG
Splenic lymphocytes Thymic lymphocytes
© )
. ¥1 8 wr B3 HE EE HO 159 3 Wr =3 HE EEE HO
=

.S S

2 2

g g

g 1.04 g 1.04

<

z e

~ ~

= g

2 0.5 ° 0.54

= =

2 3

0 T T o T T

Pre-IKBKB Late-/IKBKB Pre-IKBKB Late-/KBKB

A B: WT. HEXHO/IN BB Ak A0 i Ji3 4k 40 g i IKBKAFIIKBKG mRNAJ) #ik; C. D: WT. HEKHO/IS BB AE A A JR 4k € 48 i 4 Pre-
IKBKBFiLate-IKBKB mRNARK L. WT: B4 54; HE: 28584, HO: 24 4Y; Pre-IKBKB: IKBKBFRAE 115'3iimRNA; Late-IKBKB: IKBKBFAE 513
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A,B: expressions of /KBKA and IKBKG mRNA in splenic and thymic lymphocytes from WT, HE and HO mice; C,D: expressions of Pre-/KBKB and
Late-/KBKB mRNA in splenic and thymic lymphocyte from WT, HE and HO mice. T: wild type; HE: heterozygous; HO: homozygous; Pre-IKBKB:
mRNA at the 5’ terminal of the /KBKB mutation site; Late-/KBKB: mRNA at the 3’ terminal of the /KBKB mutation site.
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Fig.4 Expressions of IKKs mRNA in splenic and thymic lymphocytes from mice

Splenic lymphocytes Thymic lymphocytes
A wr HE HO B) wr HE HO
IKKB S R e e - IKKB — N — @7 kg
IKKU o a— o e— o e IKKo - — O S S S 55 (Do

TKKY - o — f— S— IKKy ...-.-—SSkDa
Practin S M - ——— i 2 | D:

Splenic lymphocytes Thymic lymphocytes
© | COWr B3 HE =m HO (D) . CIWI B3 HE W HO

‘§ . otk .§ :**

§ kK §

Z 1.0 =" S 1.04

o o

= =

Q Q

g g

2 0.59 g, 0.59

o 3]

= 2

= =

Q Q

S} & 0

IKKa IKKﬁ IKKY IKKo, IKKB IKKY

A, B: WT. HEJZHO/INRRIKK s S o £ [0 g Jh L2 4 R v (32345 . D: WT. HE JZHOV/IN FRIKK s 5% 2 1 8 LA AR g e o L2 40 it o

KILMGET . WT: BFAEZY HE: Z& 7 HO: 2EE 7, #P<0.05, *+*+P<0.001.

A,B: expressions of IKKs family proteins in splenic and thymic lymphocyte from WT, HE and HO mice; C,D: statistical analysis of IKKs proteins ex-

pression in splenic and thymic lymphocyte from WT, HE and HO mice. WT: wild type; HE: heterozygous; HO: homozygous. *P<0.05, ***P<0.001.
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Fig.5 Abundance of IKKSs protein in splenic and thymic lymphocytes from mice
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(A) Wild type (B) Mutant type

N

Tyr397 - e

AspB9INH

(C) Wild type (D) Mutant type

Ar BFAERIKK B 1) Z4E 45K 70 1 I AE H 15 B: R RIKK PR 1 1) Z4E 25 K 71 IR 775 C: B9 AR RUIKK B AR 1 25 M 45 R 2 18 D AR
IKKBEE A A4 MR B . A EFEk s NS .
A: three-dimensional structure intermolecular force of wild type IKKp protein; B: three-dimensional structure intermolecular force of mutant type IKK

protein; C: schematic diagram of the spatial structure of wild type IKKp protein; D: schematic diagram of the spatial structure of mutant type IKKp pro-
tein. The white arrow shows the hydrogen bond.

Eeo 4R SRTBIKKPER = LRI

Fig.6 Three-dimensional structure analysis of wild type and mutant type IKKp protein
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A: WTSHO/N BRI HECD4” Trh TregZffB 4 (; B: WT XZHO/N MMECD4 " TAIAE  Treg 4RI ELG] . WT: BFAEAL HO: &7, *+P<0.01.
A: expression of Treg in splenic CD4" T cells from WT and HO mice; B: percentage of Treg in splenic CD4" T cells from WT and HO mice. WT: wild
type; HO: homozygous. **P<0.01.

E7 FFERSRTENE A B4R TregZAAREL I

Fig.7 Proportion of Treg in splenic lymphocytes from wild and mutant mice
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