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Construction of p2m knockout mice
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Abstract: The 2m (Beta-2-microglobin) gene encodes a non-glycosylated protein that functions as an important component
of major histocompatibility complex I (MHC 1) for antigen presentation. To evade immune mediated clearance, human
tumors and pathogens have adopted different strategies, including loss of MHC I expression. Appropriate animal models are
essential for understanding the mechanisms underpinning the clinical treatment of tumor and other human diseases. We
constructed p2m knockout mice using CRISPR/Cas9 gene editing tool through embryo microinjection. Subsequently,
genotyping and phenotyping of knockout mice were performed by PCR, gPCR, and flow cytometry. Mice genotyping showed
that the coding region of the target gene was absent in the knockout mice. Real time PCR showed that mRNA level of 32m was
significantly downregulated. Flow cytometry showed that the proportions of CD8" killer T cells was significantly reduced in a
variety of tissues and organs of the immune system. Taken together, we have successfully constructed a strain of p2m
knockout mice, which will facilitate subsequent in vivo study on the function and mechanism of the p2m gene.
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B R BL, p2m SRR (A BRI E5H
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SgLEY, pam A A 57 N EIERR IR LI BE
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5 /NEREE R (Glomerular filtration rate, GFR)
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KB I RE AR IC A 2R3, filan,
SR =Y NUEF A, B2m 2 4RSS0 AR
WRIEZ AN, I H p2m 58RI K 15 54
KO8 EERET, NMHC T F#s)5, p2m
A I TR S B I A MG ER . B2m 1™ A=
R EM, N 2-4 mg/(kg-d), IEH A
B 1-3 pg/mb, SRTM, TEZARM S e 4 A9 I
T B2m K- HAE 20-50 mg/L JE N, FERRRTE
PR AT WEE S B T 100 mo/L (AR g4k
R B 22 ) IE 3 2R BH p2m (1 3Rk a2 Z R I R (152
W, GG RAE . BRHEE . 5 R FLENTEOR
ap WL GE BT R 6 B W OB RE R OB
(Dialysis-related amyloidosis, DRA) J2 i8] 5 s
M —AIFRE, B E SR E MBS TR A L,
WAl RE R AETE MBGEATIRYY Z . 1980 4F, 7E¥:
e, M4 25 E (Carpal tunnel syndrome,
CTS) T ARG BIEKA R ER, 7 /KM
M EHT (Haemodialysis, HD) i3 dhfE7E AW
PER R TER RETT AR, B RO JLAE R, X R
P I R AR AR 31 BIL I 28 A0 Bl BH . 3 Rl i X
B R Ay 375 BT AE S R TE A AR A8, Ll R e 3k i
EELRAAE . 20700 . MR A DT SR
b, SRR, TERREER X O AU A B B AR
S, 1985 4, Gejyo S5H1 Gorevic 5 & BLIEH;
FEUURUR FH Ao L pam SRR Rt
DRA XA LIFR R p2m JEMHER AL (Ap2m). A A
SERIE , TEMAGE Mt B, R e g AT DA
AR AB2m BB g P p2miet® sR i
JEMGE 2 55 DU B 1 30 [ A s SR D0 o8 P s
EEEEME PR p2m Z)5, AL & W%
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W T K IR R AR R, RS
AN [R) P A 2 AR S50 %) AR IR o p2m % i FT E
P2 P8 R 2 B IE , W SR R I 3
B2m (1) B R T IR, A I AR
Wi R EP I H, M p2m RS R Y
R3] . A% AR . M HE B 568 R T SR
S AAT B S AR PR FEAL B, p2m Tk
TS b R A A At AR, S T A 2 e 2 i
R0 A SER R . B, 1ERTSI
B A R B, HUS AR AR, B2m AR
TR i T 2 T Ui e s A B A K A AT RS A O
HFr&iE, BB ER . BMEREN . HH)E
W2 AL A0 ZE DL FIIIAS N 2 AR R R 120
ZHFE R KB, FIAH/NTHE RNA T p2m 1
mRNA, BEREIG AN T, A R0 H 2 R
200 14 A R B R 2O

CRISPR/Cas9 > ilf T 4l & $k 15 M g R 4t
MR IRLAE, T RS g0 T4 . A4
MW SR gtE . Har, K23y
I F B ER R ] CRISPR/Cas9 A, i, = L1
I B /08 B 75 20 0 I UL PR 28 4 A /S BUASS
HWIEN HAt 22 Fh L PR i o s B 945

A 18 1 Sl ARG T TEAR R & Mg B HoAh
P I PRYA Y B s, X i BH B sl R A 2048
PO ILE 2 OCE S, AR 45 H/ CRISPR/
Cas9. Wi, M SEH AR, 1 C57BL/6
i /DR ST, A B2m JE DR R B 14 /) RS
R JRN R E RN R R e 45 R, p2m R
i R /N BB R AL i 2y . b e SR — R
B2m FEPNG KA K T FE P A D RE KA R ML 24
TE TS

1 MBEFE

1.1 LWL E
SCG Ty R 2 ML B A R I A
PR 2w SE 56 S P A A A B2 03 ik fE (IACUC
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5 2017-0003).
1.2 . MR

PRI SR & (WMESSAGE mMACHINE™
T7 ULTRA Transcription Kit, Thermo Fisher
Scientific, American, Cat. No. AM1345). RNA
& Bk M & (HiScribe™ T7 High Yield RNA
Synthesis Kit, New England Biolabs, American,
Cat. No. E2040S) . TRNzol Universal 2. RNA $#2£1
X7 (Tiangen, China, Cat. No. DP424). RNA
3147 (QuantScript RT Kit, Tiangen, China,
Cat. No. KR103). ZZif 76 & & PCR ik 7
SuperReal PreMix Plus (SYBR Green) (Tiangen,
China, Cat. No. FP205). [Z%f# . i@ PCR
X7 (TaKaRa LA Taq®, TaKaRa, China, Cat. No.
RRO2MA) . kM BUAH & (Plasmid Mini
Kit II , Omega biotek, American, Cat. No. D6945) .
By e e M1k 57 & . Bsa I (New England
Biolabs, American, Cat. No. R0535), Xba I (New
England Biolabs, American, Cat. No. R0145) ., Not |
(New England Biolabs, American, Cat. No.
R0189).T4 DNA i % (TaKaRa,China,Cat. No.
2011), T4 DNA R4 (TaKaRa, China, Cat. No.
2040). KIHFF# DHb5a Ji&sZz 241/l (Escherichia

coli DH5a competent cells, TaKaRa, China, Cat. No.
9057). MUk (MES running buffer, biofuraw™,

Cat. No. BT8100-2001) , #% % (Fast transfer
buffer stock solution (10x), biofuraw™, Cat. No.
8006-6006) . p2m HifAk (B-2-microglobulin (G-10),
Santa cruz, American, Cat. No. sc-46697) . B-actin
Fiik (B-actin antibody (C4) Alexa Fluor® 790, Cat.
No. Santa cruz, American, sc-47778). HiFl1%¢
Yt — P (IRDye 800CW goat anti-mouse IgG
(H+L), odyssey, American, Cat. No. 926-32212).
BCA & Pk Bl E il & (o) (Rl K
Y RFA R/ 7 Beyotime, China, Cat. No.
P0009). PCR { (Eppendorf, type. Pro S). #i#
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f& (GILSON) . 3£ B} 2% )¢ & & PCR 1Y
(Analytikjena, type. QTOWER?22) . Bifls ke ik
HL UK AL (R RBERH A PR W TIANNENG,
EPS-600) . fEUARZ X (LHEEE MBI A R AW
ZHICHENG, type. ZHWY-211C) . ¥ =% 40 ffafY
(Beckman Coulter, type. CytoFLEX),

1.3 JRAMERKINER
1.3.1 sgRNA it

Z% NCBI %4 p2m JLH P41 (1D:
12010), iEit ) B2m ME—PEESRARY 2 5F1 3 54k
W FIFTELE: CRISPR (http://crispor.tefor.net/)
HEAT sgRNA HYi T, 2l BCCR & . R 54
() L3 AR 7R sgRNA 581 (5 1) 78 2 5408
T _F3iF 190 bp {3 & F1 3 54N B -1 T il 138 bp 17
B ERAS T — B sgRNA SR HIRT A (3 1),
1.3.2  pX-T7-sgp2m J i #h &

IR sgB2m ST IR AN 5 U 5 B A
TAY TR (L) BhABRAFA R sgB2m 5
AR st . A LAY TR (BE) BOAR
3 al A Y sgB2m T SR A% IR B R LAIE AP B
T i 75 2R OB OSSR AL TR, B 56, TR 1 L
(100 pmol/L) sgB2m IE X 4%, 1 pL (100 pmol/L)
sgp2m Sz LEE, FMMXLZEIK ddH0 % 20 plb, H
W HURE S T 95 Cillik, BB H EER,
B3R A5 3R k7 W ARE BT R . A 2ROTORE

pX-T7-sgRNA £ fR il N VI Bsa T FY), 148
i B BE R FL UK, DD B3R AR 2l Ak i L Ak
A, I ddH,0 F B E] 20 ng/ul . SR Je 5 WU 55
AT IR S5 B Ja R AE AL 3R TE T4 DNA 582
IVER N AT i . SRR AFRFINT . 2 b
10xT4 DNA % H: /322 vl , 1 pL T4 DNA %47
1l W R Atk Bk, 2 pL SEESERZ TR
14 puL ddH,0. Zifid &z, FIFEE Y.
AL W ALK IAT RS2 S 4 DHS5a, # 1k
15 M8 TaKaRa [ E. coli DH50 &3 2540 i %
A, i Wisfi TEAA R ERSRN LB
TG, 55 2 KTE LB HRtR EHRER AR ripE
W%, AT 6 mL LB AR 3R %, 37 CiR%H;
7% 12-16 h, S 3EE Omega biotek 2% Al JF /)N
BEHEGAH & Plasmid Mini Kit B3R BOE BEHRH
JERL . R AR T AR AR () B A B W
J¥, ST AT, I 4 L VG Y BH P v R
e .
1.3.3 FEiKBMK pX-T7-sgp2m F1 Cas9 ks T+
T, FIREARS BB SV YT Not 1
Ml Xba 1 #ATEGY), Ll Bile e ik, Y
[l AR A5 2l Ak i 2 PR AL 3 SR AR pX-T7-sgB2m-
Not I #l Cas9-Xba I . sgB2m [KI{AANG 2 B35
E NEB A#If RNA & GA5 & HiScribe™ T7
High Yield RNA Synthesis Kit #:/E1i8] . Cas9 1

F1 @ p2em EELLLSAT guideRNA L R FIFREHER TS
Table 1 GuideRNA and oligonucleotide sequences targeting the target site of f2m gene

Primers

Sequence (5'-3)

Upstream sgRNA-1
Downstream sgRNA-2
sgp2m-1 sense sequence
sgp2m-1 antisense sequence
sgp2m-2 sense sequence

sgB2m-2 antisense sequence

GGAAAACAGAAGGTACTCGTAGG
ATTGTTTGATTCACTATCCTAGG
CACCGGGAAAACAGAAGGTACTCGT
AAACACGAGTACCTTCTGTTTTCC
CACCGATTGTTTGATTCACTATCCT
CACCGAGGATAGTGAATCAAACAAT

&: 010-64807509
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1A% 55 I35 (8 Thermo Fisher Scientific 23 ]
fl 1R SR 5 %R ) £ MMESSAGE mMACHINE™
T7 ULTRA Transcription Kit #2/E16HH, 3545 Cas9
mMRNA,

1.4 R NIREIE

ALK/ NRIA SRS N SPF %, FF4 E K br
WE[SYXK(7)2014-0002] . C57BL/6 i % /) KL
g R E WA R R R L

FIFH S 0 S 00 O s, A S e SRR AR Y
Cas9 mRNA Fil sgp2m 4 4Lt A C57BL/6 /N Z
FGON, BEJS, ¥z 0 IR A8 A8 2R 2 B R0 B 5L
W, i Ed, SRRV, X it
TN, ZEELAAE f2m BE DR R 4 /N BURR
PE FOAR/NEL, K FO MUV S BF A BL /N R 2
BIPRS00 FLAV/NER . s FLARZR G /)
A, A 14 MHLERTERTG p2m L f bR i 4l

EF/E

1.5 MEREFELE DNA 12E

FHUMNEEE (KJE 0.5cm £4), AL %
S 1.5 mL .08 IR AE T B 0.5 mL
ZUARA AN 50 uL B B K AR s % %
BB IS, 56 CHEh . I HBREA
F2EE . 12 000 r/min &> 10 min, FiEEIA 1.5 mL
BLET, 1 mL oK ZEE (2 2 5 EiE AR,
B TR, ILZARTIGE. 13 000 r/min
2.0 15 min, 3 B N 70% 4 1 mL, PR,
13 000 r/min &.0> 10-15 min, & L&, WETITE,
FHRBUE 15 min, B0 80-100 pL KK,
W EEERE 37 CWE 1 h oM. T

F2 EEBLEFEMPCRIIY
Table 2 Genotyping and gPCR primers

B BN, FF DNA @30 R f5-20 CH-AF, 5§
BT PCR 4555 . W DNA A4, W]
1E 37 ‘C/KIEHIICE 30-60 min, {HAT 47, DNA
e FE 1 4E 50-100 ng/ul , OD 2607280 75 1.8-2.0 Z [H]

16 PCRY¥E/NMREHE

2 M A S ARAF I TN, T
PCR M 5 i AT I R S, FIWT 2 76 & A H W
FER 275 . PCR ARy il e 24 A i h S B 15 1Y
A2 DNA (Tail genomic DNA), A< 5256 FO 4L
IR FLARR A TN R 4l A7/ R AT 36N
TIMSTE 15 [ 1 an 3k 2,

20 L PCR W4 & : 2 uL PCR ZZ #hifk La Taq
PCR Buffer, 2 uL #ZIFBRIEEY (2.5 mmol/L)
dNTPs, 0.5 uL 514 1 (10 pmol/uL), 0.5 uL 514 2
(10 pmol/uL), 0.8 uL DNA B4 f La Taqg DNA
Polymerase, 1 pL Tail genomic DNA, %Ml ddH,0O
F| 20 uL.PCR W 27 : 94 ‘C HiZE 1 5 min; 94 C
bk 20s, 60 ‘CiBk 20s, 72 ‘CHEf 2 min, 354
A 72 ‘CHEMH 2 min,

1.7 EBRKXEE PCR

qPCR S 56 FH LA I A [R] A A 1] f1g [] o 32 1R
TR 2R B el U kA3 219 cDNA LL—
FE ) HL 9 F5 FB% , AE StepOne Plus SEH5} 2 B PCR ¢
(Applied Biosystem, USA) w1, F%rRMEMRIS14)
(3% 2) F1gPCR SYBR Green Master Mix i85 #47
P, RESREVOCEWE . BRAHTHRIMR RN
ik A 2/ 3 WA E R S . 404
5 H B-actin A TR IEFEAR[R] H A9 3L R 38 7K F 11
25, RIEEBR . ACt(H iYL )=Ct(B-actin)-Ct

Primers Sequence (5'-3") Application
P2 CTGCGGGCTTTGATGTGGATACT Genotyping
P1 CCGGTGGGTGGCGTGAGT Genotyping
P3 TGGCAGGGTTAAAACAGAAGG Genotyping
F TCTCACTGACCGGCCTGTAT gPCR
GATTTCAATGTGAGGCGGGTG gPCR

http://journals.im.ac.cn/cjbcn
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(HRER), 7 itaae B R A X Rk, b
T 2B ACt AL LSy BE, PR S0 2H i 8K
ERBR AR REZH , S A5 20 hn AL 5 1Y B By L Y
AR RAR R
1.8 Western blotting

Western blotting 22 56 il & ¥ 4= /N B A1
B2m-KO /)N EAS [ e i i B vh H s i A A 2 11K
Vo SERLRRUNT Bk, B ST A SR IR
e, BEH AR PGAELE T, A
IE R IR A RIPA 243, 6 000 r/min ki 30 s
Wt 2 Ik, vk 10 min, BlJEEITE0, 4 C.
12 000 r/min &.0» 15 min, ZERVIIE, S200 ik
RISz . HyoE EawkE, i L
HRREWHARL A M BCA & H W E N E I
Mg GGEA) BB TER R, W
TR IR S VR S . RIS 20 pg AR
A SRR EAEZE i, 7E 100 °CHY7K 5
WA 10 min, AR, HJEIEFT Western
blotting 5245 . HLsLge AR RN, E5EH Bk
RIS 20 pug AR THIDK . B . B
TS U N - = @ R S 73 A S
(Nitrocellulose filter membrane, &#k NC i), 4%
J ¥ NC JEiE T 4 CUKFEIE — Pl & 56 2 K,
BUH B PBST Wk 3 1k, HHiK 5 min, Xk
R —P. REWEFIOCTI, WaEFMFNER
W 1 h, FRRIGHZIER] PBST W1t 3 1k, K
5min, ERRZRM 4. f/5 A Odyssey FRL{4
LLAMBOC B AGHAT US
1.9 RAMEIMERERERIMHMERE

B A AR /I B R B2m K DR R IR /0 B3 Sl BB 5
i PR AN AR o 0 MR 100 pL, ANA$LA PE
anti-mouse CD3 antibody hh-200 pg (100206,
Biolegend). $t{& APC anti-mouse CD8a antibody
(100712, Biolegend) #1 PE/Cy7 anti-mouse CD4
antibody (100422, Biolegend) 4% 1.5 pL. 25 ikt
JehRic 30 min, FRICEEARE A 1 mL L4013

&: 010-64807509

R, 241 5 min, RARERNIS, 4 C. 300xg &
05 min, FF B, A 1 mL PBS, PEHANARIT
UE, W5 4 °C . 300xg #.0 5 min, FF Eif. 200 pL
PBS F A AL TITE , EAURTIN o OXF T BELE Al e
JEAE 100 pm UE B , B FS T 1 mL 2141 i 3
iR RS S ORI ) K M e T Ok, B 5 min,
L2120 B . 2415 58 S L 4 °C .300xg 5.0 5 min,
F B3 A 1 mL PBS SR ANMIITRE B )5 .4 C .
300xg #.0> 5 min, F EJif, WA PBS, #7740
el 2 10" AM/mL, H 100 ul HFHRic. AL
A& PE anti-mouse CD3 antibody hh-200 pg (100206,
Biolegend) . Hi{& APC anti-mouse CD8a antibody
(100712, Biolegend) #1 PE/Cy7 anti-mouse CD4
antibody (100422, Biolegend) 4% 1.5 pL, = ikt
JEFRic 30 min, JIA 1 mL PBS e 4NMIUITE .
4 °C ., 300xg B.0> 5min, F ki, 200 uL PBS &
EAMTINE, EALEI

1.10 ®itZFH*%

JIT AT S50 25 R = ] GraphPad Prism 6
BTG AR R Y, 2 22 A Y Al
t K56 (Student’s t-test), HAG—NEMR 2K 3 41
K 3 UL B Seilb AT Iy 22 5 o ik 0,
Ty 2202 FF B A] S AT BRI 2R Jr 2250 B (One-way
ANOVA)., A8 3C A 1) 52 3 25 AR 2R -1
EbRAEDR (X £s) B, FEAR ™ URA LI
HAEWH, P<0.05 Fi*3&R; P<0.01 AI**%IR;
P<0.001 F***3&/~; P>0.05 F NS (Not significant)
E AN

2 BREMT

2.1 3%15 p2m EFEbR/ R KBS

p2m RS E A p2m, 2K 119 aa, &
—MET KA — AR E A A s (I
1A). N Tk pam R EERR/NE, FRATFIH
CRISPR/ Cas9 #i Ry . &%, FATH Cas9
MRNA FIHE ] 2 AN AL i sgRNA FI St i

B<: cjb@im.ac.cn
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SR, iz kA CSTBL/6 /)N B2 A% U 40 g
(K 1C). CRISPR/Cas9-sgRNA & &9 nf LA f %
/NG IR A MR T B A, B B2m At
T 1R 3AEBIRIX (3UTR) (K 1B), /NI
4 pom LR AR T 2 FshEF 3, B B2m
EMZE N IIRE . LR g i /) BRSZ A B A

A

HMEFRBIRICH, ARG A BB A B B T
FRHATIRIF ™ T /ML (B 1C)
22 pem EERMRIDREEBLEE

FAT RIS 330 A SZAE IR EEAR F 10 B BE
R FE M, Baikid 9 H ROV, AR
PSP EA T RS E (18] 2A), SR BR8] T

M R 3 a0

Genomic structure [ 1

ATG 67 bp 346 bp TGA
Immunoglobulin-like domain
Y
e =

p2m 21 aa 117 aa

Protein structure | | |
1 aa20 aa 119 aa

\_'_J

Signal peptidei

®

¥

- B s
Wild type allele

@ NHEJ
N e
Knockout allele

Cas9 protein( -

Single guide RNAEWD

@Mcroinjection

Zygote

Zygote

1 p2m EEBRR N RADE K M

NHEJ Development Embryo transfer ';
Edited zygote

cﬁ) : Cas9/sgRNA <™ : Intron
I : Uncoding region l : Coding region

NHEI : Non-homologous end joining

-

Blastocyst C57BL/6 mouse

Fig. 1 Strategy for constructing f2m knockout mice. Schematic representation of the genomic and protein structure of
B2m (A), the strategy for knocking out f2m (B), and the procedure for generating p2m knockout mice (C).
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7 HBEMER FOM/NE (K 2B), 45l 2. 3. 4. g, ERE 2C s, BRI RLE R o8 HER
5. 7. 8. 9, ARJFiEt A2 H3E 5 BIRAS FLAR XL BB (K 2D), KL% e gE Rk, &
B2 m B/ B F2 AR 4B A mB /B, JEDRL 113845 T A Al S R R p2m R R R /N B

A P1 P2 P3
— — +—
B2m | | '
Pl P2 P3
. T
p2m |
B C
P2/P3 P1/P3
bp
— 1575
— 449
D
C57BL/6: CAGCTCTCAGCA... ggaaaacagaaggtactegt agg(l 088 bp)attgtttgattcactatcet agg... TGATAAGCATCAC
B2m KO: CAGCTCTCAGCA TGATAAGCATCAC

B2 pom EERKRDREREERLEERFHINE

Fig. 2 Genotyping and sequencing of 2m knockout mice. (A) Strategy of f2m genotyping. (B) Genotyping results of
F1 with primers (P2/P3) amplifying a band of 397 bp. (C) Genotyping results of F2 with primers (P2/P3) amplifying
bands of 449 bp and 1 575 bp for heterozygous mice, and only a band of 449 bp for homozygous mice, and only a band
of 1 575 bp for wild type mice. M, DL2000 DNA marker. (D) Genome sequence of C57BL/6 and homozygous mice. The
red text is labeled as the guide RNA sequence. WT: wild type mice. KO: knockout mice, HE, heterozygous mice. HO:
homozygous mice.
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2.3 p2m EEFTikKFE-EN

KT E pam He R EERR S %k R A
RAOE, BT T EHXT p2m i PR f Bk DX A0 e S
5191 (E 3A), FFREFEEIR/NR IR 2 1,
A3 SR IBCHCRGUIE | e I RT IV A RNA ) R )
SR X IR S |9, ) gPCR 25, R T
Y341 C57BL/6 /NI C57BL/6 Flla /N AR fie
REAFH 1 p2m B FRIXKF-. gPCR 455 IR,
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Fig. 3 Detection of 2m gene expression. (A) Strategy for identification of f2m knockout mice. (B) Detection of
relative expression of B2m mRNA in spleen. (C) Detection of relative expression of p2m mRNA in thymus. (D)
Detection of relative expression of B2m mRNA in blood. Error bars: s; n=3; *, P<0.05; **, P<0.01, ***: P<0.001; NS:
not significant, P>0.05; one-way ANOVA followed by Dunnett’s multiple comparisons test. (E) Electrophoresis
identification results. WT: wild type mice; HE: heterozygous mice; HO: homozygous mice.
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Fig. 4 Phenotype identification of knockout mice by flow cytometry. (A) Detection of relative expression of p2m
protein in spleen of each genotype mouse. (B) Detection of relative expression of B2m protein in thymus of each
genotype mouse. (C) Comparison of the number of different types of T cells in different immune organs between wild
type mice and mutant mice by flow cytometry analysis. (D) Statistical analysis of CD4" T cell count in different immune
organs of C57BL/6 mice with or without p2m knockout. (E) Statistical analysis of CD8" T cell count in different
immune organs of C57BL/6 mice with or without p2m knockout. WT: wild type mice; p2m-KO: p2m knockout mice.
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