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knockout mice by using clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-
associated nuclease 9 (Cas9) gene editing technology. Methods According to the sequence
characteristics of Lbp gene in C57BL/6J mice, the target of sgRNA was designed, the 5-end protein coding
conserved sequence of Lbp gene was deleted and the shift mutation was introduced to inactivate LBP. The
genome of FO, F1, F2, F3 generation mice was extracted; PCR was used to identify and sequence Lbp
knockout; RT-PCR was used to verify Lbp gene transcription, and Western blotting was used to verify LBP
protein expression in F2 generation. Results Five Lbp™ mice from FO generation, three Lbp™ mice from F1
generation, four Lbp” mice from F2 generation and thirty Lbp” mice from F3 generation were obtained. RT-
PCR showed that Lbp” mice mRNA was 244 bp and the translation was stopped early by code-shifting
mutation. Western blotting showed that LBP protein was not expressed in the liver of Lbp” mice.
Conclusion The Lbp gene knockout mice were successfully constructed by CRISPR/Cas9 technique,
which will provide a basis for further study of the immune and physiological effects of LBP.
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SLEAEYIRIETERR AT [SCXK (5) 2016-0009], fH
FTREGLRIP L [SYXK (8) 2019-0007],
TR B 5 B SC e s E B B IR AF . H4%Co
Ko SEIRshPIE FENE 3R IEN, HISFURESLE
PR OME T R (20181224-01),
1.2 EERXFSME

SEOG AT PR 7] . Cas9 mRNA. Cas9/gRNA # %%
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TACACAGACCTAGTACTA BGG
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GAACAAAGGCCAAAGTCATGG

-

F: LbpIlEREEZEESERER. THAES Lbp-LAR] LbpRIFES, FIRRARBRFIIGEER (PAM)
Note: Lbp, lipopolysaccaride binding protein gene. Below is the sequences of Lbp-L4 and Lbp-R1, and the sequence gray is protospacer

adjacent motif (PAM).
E1 LopREERGREER
Figure1 Lbp gene knockout diagram
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NARZ : TSE101 mix 15 pL. _EJ#51470.6 pL. FiF5]
0.6 uL. DNA 1.2 pL. ddH,0 2.6 pLo JZ R &1 :
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WT) %4, HFE2RS WT —20HIWA Lhp™ . H
WL770 bp ZEAG B EH B457H B 2 153 bp ZEA I WT 45717,
H 770 bp 245 H B9 411 M 7 &7~ B BE B 2R 1 457 bp
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=1 3 LopERERI sgRNA I B R F51
Table 1 Namesandsequences of lipopolysaccaride binding
protein (Lbp) gene-small guide RNA (gRNA) target

BREIR BRF5(5'—3)
Target name Target sequence (5’ —3")
Lbp-L1 AGTTGCTCCCATCATCCCIGG
Lbp-L2 AGCCTGTGCTGTGACTGCCGG
Lbp-L3 ACCCCCTGACAACCCTGCAGG
Lbp-L4 TACACAGACCTAGTACTAAGG
Lbp-L5 TGGTTAGAAAACTGCCACAGG
Lbp-R1 GAACAAAGGCCAAAGTCATGG
Lbp-R2 GCCTTTGTTCCTTCTTCCTGG
Lbp-R3 GACAGACAGGTGTAACCCAGG
Lbp-R4 TGTAACCCAGGCCCCAGTGGG
Lbp-R5 AGAAAGAAACTCGGGACTCGG

1 BESFIREEUAFRERIEEES (PAM) B3,
Note: The last three bits in target sequence are protospacer
adjacent motif (PAM) sequence.

201 0201, ARG E A EHE B A £

M1 1,

23 F2{% Lbp BEREFFEAN MRNAFIERE£E
i Lop™ /INGATAEZH 2R th mRNA B9 RT-PCR U 45

SLATHN, Lbp”- mRNA B 244 bp, FEEITFEN (E

3A. B) o FHIEIY]G mRNA AR SRAS , BiEak

HHImRNA, FFSIERTOIN S5 2967 (& 4B RIAE

3456 7 8 9101112 1314151617 M

ALE) WRLLBPAYEE 71 (iR BB 5| AR F L ILE
5, SEEIEERZLE, WM T IE R %,

B JRER LIS ES AN 3C FiR ., $27R Lop™ /1N
FRAFAEASZRIA LBP,
24 LbpEERKRENEREST

MELFO. F1, F2. F3f%Lbp . Lbp™ /NERAGFEAY
KB, 5WTHEL, HAEFRE. B &5 REGE.
KFAMRFN A RN AN BRIGESNEETEHE Z R
ARG AR EFIE (100 200 50, 100, 150 pl).
RN 1 mg/mL {8 LPS, XA [&] B[R] B Lbp™
Lbp™ K WT/NGRAOFREY B0 WT /N FRRE T 5 771 B g 1
o, BB, KRN RIS, ROSWENE. 1T31HR% S
WinE, EEHIT-HEISR (150 pLF]& 84 h 3t
) MEEZET L™ /N BERHZET WT A
Lop™ /NER,  HIHE HIBIBET B

3 iFie

LPS N — Mg RIA ¥ K & 73+, AT AR
R AR R IRNL, ERIR G L A 15 46
ZER o B MY LPS 2 xS AL = A A R L 45
=, SBIVERMER IR, RN SRS
EIIRER,. WU, fakcddr ', LBPHY
TEREEGRIERNA R, HAEREERSRIER

310 320
| ] L} .

WT: TTAGAAAACTG...1457 bp...CTTCCTGGGTC

M: 1 22 3°-4NSSEEGER7 - 8§ 9 10112 MT T "2

ot

SERARNSEGIN AN O 07 11 12

T ARFORRERELES

(5147 F/R, MEBIDL2000 Marker, EIH&ikFriERHRIARESRT); BAHFORISHRNFEER (HE

fRE1457bp); CHRARERBELEER (ERHSIMWAF/R, ABH5I4HF/WT-R, MBEIDL2000 Marker, EIF&EikPrig&HAAS

FINBIRELRT ). KODER, WTHBFEER,

Note: A, the results of genotype identification of FO generation mice (using F and R primers, M is DL2000 marker, the arrow in the figure
points to the mutation strip) ; B, the sequencing peak map of FO offspring No.3 female mice (base deletion 1457 bp) ; C, F2 mice genotype
identification results (using F and R primers in left, using F and WT-R primers in right, M is DL2000 marker, the arrow in the figure points to
the mutant band of homozygous mice). KO: knockout; WT: wild type.

B2 FORRF2{C LopERARRNENERREEER

Figure 2 Genotyping results of FO and F2 lipopolysaccaride binding protein ( Lbp) gene knockout mice
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KO: GCCTGGCCTACGGAAACTTCA

70
L L | | L | | =3
G c T -

om
[ah |
om
.
W
B

B NORMAL
Lbp-KO

NORMAL
Lbp-KO

WT: GCCTGGCCTACG...244 bp...GAAACTTCA

AGGGCCTGGCCTACGCGGCCAAGGAGGGGCTGGTGGCTCTGCAGAGAGAGCTGTACAAGATCACAC
AGGGCCTGGCCTACG

TACCGGACTTCAGCGGGGACTTCAAGATCAAGGCC{GTG}SGTCGTGGGCAGTA(‘GAGTTT('ATAGCCTG

352

420

| S—

NORMAL GAGATTCAGAACTGTGAGCTGCGTGGCTCCTCTCTGAAGCTGCTCCCAGGCCAGGGCCTGAGTCTCG 487
Lbp-KO

NORMAL CCATCTCTGACTCTTCCATCGGTGTCCGAGGCAAATGGAAGGTGCGCAAATCCTTCCTGAAACTTCAT 550
Lop-RO GAAACTTCAT

WT (Lbp**) HE (Lbp*")  HO (Lbp™")
: P ; .
c L‘— ——— 6x10
LBP _ .
B-Actin — — — 1.4x107

iE: AS LbpEEFFRE mRNA N FIEE; B LbpatlRRAImMRNAFIISWT B mRNAFFIXELE (RABHFABTEE—IMHEEEN
Lbp mRNA IS RIAVIRES, S TRIEME N Lop" BREILNE); CHERRIDBEE P2/ NEFERP LBPRELER. KONER,

WTAE4EE., HEARE T, HORESF-

Note: A, mRNA sequencing peak mapping in Lbp knockout mice; B, the mRNA sequence of the Lbp gene knockout mice was aligned
against the WT mice (the rightmost number is the base number corresponding to the last base in each line of Lbp mRNA sequence, and
the second line is L bp” termination) ; C, western blotting of LBP expression in the liver of F2 generation mice. KO, knockout; WT, wild type.

HE, heterozygote; HO, homozygote.

E 3 RT-PCRNFFNE R RENEES RGN Lop BREBPFEA mRNA KRR REARERER

Figure 3 The expression of mMRNA and protein in liver tissues of Lbp gene knockout mice detected by RT-PCR sequencing

and Western blotting

A R T A 12— LPS 5 LBP R AL
MESER, SIEMCHEEFEF RS R4, N
FEMERVER; 224 LPS &5 4 LBP (941 K ERALIT
B LRSS, PRIEERRLPS, BHIELPS &1
TERL, IESIFLAMER " Lp” /INRIEZ FhSLL
SRS EEER, W Won US] DIBALB/c Lip™-
INRNE R, TR TIRRERN T SEXTTRERLN
RS Molinaro 2 1101 LI MyD88 R FR /NN 5,
T LBP By 3RE /N A AR R S B R+
J5 V70 SD K BRI Lbp BEPRIRERR, 98 T LPS X AT
Lehi R K AERALE. SR, £ LBP X SEAHICHT
FEH, PACSTBL/6) Lbp™ /NN AT SRR & D
LBP 5 LPS 45 & R B ARME AR A, HIERR
MR E RS L, LBPIEHIE . HiR ST H K
VRN Tt —H R 152,

Lbp BHH 5 D g =), Hf Lbp-201. Lbp-
202, Lbp=-203 AlEHFNEHT, Lop-202 HIF510 1 ~
123 aa, Lbp—-203 BIFFRIANL AT 194 aa, ANIRSLES:
TER S I B B RIX 3N TR LR, Rk eet
Lbp=201 B3 #Ef7598], SO RN T EhREfR<F X HY
N (42~123 aa), BIYIf5 52 Lbp-201. Lbp-202.

Lbp—203 I FCIETE R B, MRS LBP 2RI H 1.
YR ELEG I CRISPR/Cas9 £7 R M43 Lop FxFR/NER, 18
it PCR %7€ M M 36 E, FOARHEIRE S H Lip™ /NER,
FIAR3 H Lbp™, P24 H Lbp”-. 5 H Lbp™™, F31%30
HIbp™ . 61 H Lbp* o F2 4% Lhp” DNA il] 55 45 5 &
N, 1457 bp BREFF AU, H RNA W45 3R 5w
244 bp FRLFFE TR

HH NSRS SRR, Lop™ /NER AT AE LBP
AR, FIRE/NRERBFIHEREE T R, ARKRA
RIS Lop b/ NFRBES R E 8%, HAF G d /R
BRlE, e/ NRMBEET, AnRERETHT
JEEESLIG AL S TR R IEETER T Lp” MRS
WTEE BEZES, EESNLPS G WT /NSRRI
SBERT Lop™, HIIEN Lbp B ICEIEH 1A LBP,
B2 LPS S Lsbanuania, 5 AR KA EL .
KBFERMERN, (H2I s RgE, R mE
R RIFRER

£z b, RS2 R CRISPR/Cas9 3% AR s sh i gt 7
PLCSTBL/6) NS 5 Lop ™ /INER., ot —254R 2 LBP %
C57BL/6J /N R 7 1 15 BF B 520, fifF 53 LBP B 2R HiT 5
LPS AT B R el 1T s fR (it 7 5l
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[EZ{CIEEBE Medical Ethics Statement]
KRRPNYLWBEIREFEN, EREFLURELRNYH
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