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The Explorating Reform of Cell Biology Experiment Teaching—Extraction
of Murine Peritoneal Macrophages and Detection of NF-kB
Signaling Pathway Activation

KE Yueshuang*, BA Xueqing, ZENG Xianlu
(Northeast Normal University, School of Life Sciences, Changchun 130024, China)

Abstract Cell Biology Experiment is an important part of Cell Biology courses and plays an important
role in cultivating students’ practice and scientific research thinking abilities. “Cell Signal Transduction” is the key
and difficult chapter of Cell Biology course. The detection of intracellular signal transduction is an crucial experi-
ment to the universities’s undergraduate students. Due to the complicated steps of signal transduction experiments
and students are not familiar with the procedures, the experimental results are often not satisfactory, and it is diffi-

cult for students to observe significant phenomena. Therefore, in the current teaching of undergraduate Cell Biology
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Experiments in universities, there are few experiments on the detection and observation of intracellular signal tran-
sition. The purpose of this study is to investigate the activation of NF-kB signaling pathway in murine peritoneal
macrophages. Four interrelated experiments were designed, which were: (1) extraction and purification of murine
peritoneal macrophages; (2) observation of the localization of RelA/p65 in cells stimulated by inflammatory factors;
(3) the mRNA expression of inflammatory factors in murine peritoneal macrophages were detected; (4) the protein
expression of inflammatory factors in murine peritoneal macrophages were detected. This experiment is easy to iso-
late the murine peritoneal macrophages and observe the obvious relocation of RelA/p65. The independent and com-
plete comprehensive experiment can enrich and optimize the content and model of undergraduate teaching of Cell

Biology Experiment. Furthermore, the experiment can help students to truly understand the cell signaling pathways

in the inflammatory response process.
Keywords
pathway; teaching of Cell Biology Experiment

Y HAE 5 5 T A0 M A ) 2 IR AR ) TS
MENT . QRS S SRR AR R A S, A
MAME SR S A Z AL S, 51 RAAN I — R
FI A RSE, L2 T B Bl AR ) 2 O (R
SOV ERENAE 55 S8 T TR FIR LK
PARGR IR E R R A REE L. 555 0
W BA 2R, SN B UHREEAR LI —
PG 5 B S A R A, XA X AR A
P ST B = AR AR 0 AR ) SR 4
A R I B B2 BT O3, S 5 e A T AR
IR ST R A AT DAAR RS B 5 A AT 5 R R S A T
S5 SIAHSCES AN AT, B AT SRR A
YA R g Eerh, JFRA R T AN 55
I LS A DG SR, IX ™ E A T AR AR AT
TR > TR FE AR AR, RIS AT AR
Xof T A BV R 1 BE A o

T [ N & v A AR i R A 5% M i A )
(AT B apEsRSETE, FS
3 4% 26 051 24 6 N B (K NF-xBA5 5B B HEAT T4,
7R T NF-«BAE 518 6 1) B 2 AR M. NF-«xB
e N — REZENE XK T, B 25 TNFa.
IL-6. IL-8%% 2 Fft SORE S i 1) 4 Tk Ak, 7E 20 I
I B (. NF-xBXE 22T L
FHTA M EAZA R, ST K, B pSO/NF-
KB1. p52/NF-kB2. RelA/p65. RelB fc-Rel. NF-kB
A (R B 5 U — SR AR B T AEAE, it i 2 1
NF-kB /K& p50/NF-xB15 RelA/p65 4L i) — 5
WE G, Ho RelA/p65 T It /& B A e i 1L i 1
AL . AATTHT A0 ) NF-kB2R 105 5 375 Ak 18 5 5

Cell Biology Experiment; teaching reform; murine peritoneal macrophages; NF-«kB signaling

BN, FEARSZ R 4H M, NF-«B SR Ak 5 #)
BA B E S, RelA/p65 LU X A7 1
T, a0z 24 TS5 (e 2 4i A
TR, TkBYE B A, AT E Rel A/p6S A% & fir
55 BFE K, RelA/p65F 1 2 40 i 12 4 B 5 #E 3
R ) 55 o FRATAERL 2 T A2 A i i 4 /) BRI s
5 5 20 B Dy S 36 L HEAT R 0 98 RE R 2 AN [R5
SIS E L. I, RATEARI AR A
HRBHFERT, BT RHERHETREE
W, BB (1) FEICAZEAL /)N BRI s B 4
J; (2) E SRR AE R, B i 2O HE AR bR I
RelA/p65, FIF 214U WL 5¢ Rel A/p65 741 il 4 1Y) &
REAEAL ; (3) PB4 40 RNA, [ 5% )5l PCRA
W5 9 K7 mRNA I IE A (4) i =40 M A
/IN BRI i G 200 B R SRE TR 7 I B R A ARk .
X AN H R g b ik (i se s o 5, M i A
NF-kBA5 5 18 2 13 10 LA AT UAA T A1 5 58 P )3 )
N B BL(EI) e AL AP S Ak % IR S5 A6 I 21 41 i
WA S IE B R S5, 45 R RRE, 5 TIE.
Z SIS A BRI TR H BT R R4 M AR A 2 S B R
P R TR S SRS S Bh, L RRE INIR
AT T A A A E S X — N A B
fift o

1 SLIJRIE

o6 I 2R Ak B £ 6% W PR A — b 1
SR, L PRI A AN U, /B ST
JE B G B, 7 A KRR I I L W N K U
WG, R, STl E TR AT 6%



A U A SR O S BRR

/N BRI G 200 R P 42 B NF -k BA 5 38 s A /K P A

1237

(2 &% % i icRelApes, W&
RelA/p657E 41 i 3 I e hr 2B 4k

— | FARERISCTE, dHipy
RelA/p65RE ik N4 fu

RelA/p653 N i,
R 33k 9 RE R F fy e 3%

R B RiLE

1. 28R4/ | | 3. RT-PCR Al #5EH FmRNA

— | KRR B E RS AERT
mRNAR R X

RAEFFmRNAKIE -
W, RERERTFEA
FIEKFH LT

4. RAPRARNAERTEE | — | RERET, RERTFEARE
RIEKF i)

K3

=

| 40 B 4 S |

E1l SERIZE
Fig.1 Schemes of experimental processes
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1: 8 to 12 weeks Balb/c mice were injected with 500 pL starch broth into the abdominal cavity for two consecutive days; 2: Balb/c mice were killed and im-

mersed in 75% alcohol for 1-2 min; 3: the mice were placed on a dissection table or foam board, and the limbs were fixed with needles; 4: tear the fur and

expose the mouse’s peritoneum; 5: scrub the peritoneal with 75% alcohol cotton ball, then inject 2-4 mL PBS into the abdominal cavity with a 10 mL sy-

ringe, and evenly knead the peritoneal with fingers at the same time; 6: gently stir the abdominal wall with a needle and absorb the mouse abdominal fluid.
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Fig.3 Schemes of murine peritoneal macrophage extraction



1240

OB -

B LR A s FEAR R ) e A IR Ak H PBSIE TR
Y M 19k J5 2B PBS. FI RS W48 ) REALAH A In N
500 pL 4%ZH 2340 M E 2 i, 15 min/5# R i E ),
FH500 uL 0.1% PBSTIH LA 3K, £FK5 min, fx
J5i 2 0.1% PBST. JIAS500 pL 0.5% Triton X-100
FEAEFE MM 10 minZ )5, EBREHBFEH0.1%
PBSTiH WML 31k . FEFLHINA 300 pL 2%l iE =
HE 30 min, 2 )5, BB 0.1%
PBSTHei 4 MI3 X . BFLIMAS500 pL PBSH: B 4F
ff]—4i (anti-RelA/p65, 1:200), 4 °Cid 7% 5l = IR AE
A1 he BER—4UERFLIIA 500 uL 0.1% PBSTYE:
GRA 3%, BEFLAIR R NN 200 pL PBSHE R 1)
PN P (1:200), EiRECIEH 1 h2 G- 4L,
A BT e 4R i 2 J5 in N DAPIZE 5 55 & 40 2 10 min,
J:B DAIPZ JG I 500 pL 0.1% PBST 76 73 e 441
MI3URK . RELS~10 nLd Frflm re 8 i b, K2
€ F ST LR J5 , U AR B A i [ 22 4%
PIAE , BH0AE &8 3 R B, R 25
B S SLIR 25 R
33 pRIRIE B K AEE FmRNARIAT
G oLoRl

1 42 HECLU 9 7 240 L RO N R LPS (483K
J% 8200 ng/mL), X R AL A 58 P il AR BE . K 4H
i 155 7% R B BT [ 4 B 97 A TR 4 o R ) 4k s 8%
FR1 hZ Jo BB Y (R RNA AT L 5%, 2 )5
FIFH PCRA I 2 E PRl (1) SRk A5 0L, BAADIRIT
F RGP TR AL AL T N 1 mL PBSIE ¥
4 J5, A1 mL Trizol, AT AL 5% 22 1.5 mL Ep
B, = IREE 10 min. JIA200 nL=5 e, 2
3% 1 minf5 , ZHEFHE 3 min. 12 000 r/min= &
05 minf5, B LR R EpE ik A=, LEE
WA 5 RNA. IR 400 pL RNAJZ 42
AN RNARF(RNase-free) 2 il [111.5 mL EpE e, MIASE
PRFRIP) S ARE, V2], EIF# E 10 minfF, 12 000 t/min
B0 S5 min, 7 EiE. M1 mL DEPCALH /K AL i 1)
T0%0Ks , BB IR% )5 12 000 t/min5 .0 5 min, W{F
. EEIRFAMT, 71715 EpEE 55, T/%3~5 min
Ja N 10~20 uL DEPC/K il RNA Il '8 RNAK
B 4% B8 S Sk 5T B (TaKaRa) i B 15 A ) s 56
W IRIR G R AR RIFEATIR K . AR K5 Ak
o REGSE RN AR G, BRSO Epf, A 20 uL
ddH,0. VA SER15 10 cDNA VAR, 23 5 T #atk

K72 K Cxel I N Cxel2 . PIEIRFE A F- Tnfa Rl S-actin
() mRNA G| #3317 PCRELY . PCRES WG R B
FEMHINAA uL 6% EFEZEMR , V5T, T FH2% 3 e b
FEE IR HL PRSI 28 91 IRl F mRNA IR A Ot o
3.4 NEBR = B4 B R S E E F FRIA R
FOMBERT1.5 hig LB 78 /)N BRIE s e 4 i
HOIMN RS, I LPS £ FE ~200 ng/mL, & %
1z #11l 77] (protein transport inhibitor)$% 35 B 45
1:1 000(H 1 mLEFFRIEM N 1 uL protein transport
inhibitor)ffi F , % KL ANl 28 PR R AL B . % 441 A
B MR BT8R A R 5 IR AR R i A R gk el R R
1.5 hJ 2% Az d i 3t 2 4 B AR A ) 48 o R 7 1 3R A
oL, BAREREQR . BB 0 M B IR AR (1) 52 A 8
IR, FEERTTA MPBSIE LA IR, 2 J5 2:FRPBS.
) 20 55 FRAR R N T4 1 1 mL PBS, FH il K4
JL B FRpR B EIECR R IF R £21.5 mL EpEHh, 4 °C,
2 000 r/minZ 040 S min/5 A2 PBS. FHRS 28 A
FHE YA 500 WL 4% 224 29, 10 min
2 J5i,4°C, 2000 v/min/Z.CrS min, FEEREER. 1.5 mL
EpE H A 500 pL 10%If3, KaifgE 2 J5, 4 °C.
2 000 r/minE50> 5 min, £ F 10%IM075. FHEZMAL
R10%ILi%, 4 °C. 2 000 r/min0»5 min/5& 25 54 L35 .
B I 500 pL 0.5% Triton X-10040FE4Hf
10 min, 22 J&, 4 °C. 2 000 r/miniZ5L» 5 min, #5: [E E ),
P 10% M THE AR 21K, #2J5 4 °C. 2 000 r/minZ5
05 minf5 ZFRIME. FHEMMEFINA 100 uLFH 10%
1L & R B B9/ (PE/Cy 7-Anti-Mouse TNFa, 1: 200),
FEIRIER 1 he HUARIEE /5 IMAS500 pL PBS, 4 °C.
3 000 r/min & .0»5 min, 3 _FiF. HIA200 pL PBSE T
A1 9t 30 P, R Rt A R SRS

4 LIGFER
4.1 BBILEF TIRAS8(10>) W22 /)N 5 BE 2 & 1 4
FEFZS

TEREE T, FATTREE B/ BRUIR i B W 4t A 1)
A, Z 2R GRS BUU FA D 2 A5
i, e TR RE T LT RO AR o R R (B14) -
4.2 FRUEEN /)R AE B WA RelA/p65S
FIERLTAL

T NI G 25 BB, NN 98 1 B
LPSHE4 1 h)s (B Skrik LPSZH ) RE % & I 41 i
M RelA/p65 B [ NAZ AR L, 17 75 35 0 B 240



A U AR 2 S U PO SRR R —— /) BRI E R A I A S S NF-xB A5 = S B 3 A KT A 1241

rh (K 5hR7E Mock 4 ), RelA/p65 5552 S e 4R i v . YILPSHITRANRL hJE, RAEKFTnfa. Cxcll. Cxcl2

SEIGE AR, LPSHIEAN A T RelA/p6SII N mRNA )R IE K22 F (B 6bridE LPSAL), MifE

43 RT-PCREM/NFRIEFEERMEAPRERTF WIS LR, JUFRA RIER T mRNA

mRNARRIXZTE K FiE(E6brEMockdl). SZIGZE F R B, RelA/p65 A%
i it RT-PCRSZIG T AE ], ZEMARIERIE 25, Rt 7 RO 5 5.

.4 1EIEEW$RT,\LLLEEHIEH QEH@ﬁ;Ib\

Fig.4 Morphology of murine peritoneal macrophages under inverted microscope
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Immunofluorescence microscopy visualizes the localization of RelA/p65 in normal cells and LPS-treated cells. Mock: a group of cells without any

treatment. LPS: LPS treats groups.
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Fig.5 The localization of RelA/p65 in murine peritoneal macrophages
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JfaZh. LPS: LPSALHANAEZL . Marker: DNAZF & R/NMUZ K,
All RNA is extracted from normal cells or LPS-treated cells, and the mRNA expressions of inflammatory factors 7nfa, Cxcll and Cxcl2 are detected
by PCR after reverse transcription. Mock: a group of cells without any treatment. LPS: LPS treats groups. Marker: reference of DNA molecular weight

size.
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Fig.6  mRNA expression of inflammatory factors in murine peritoneal macrophages detected by RT-PCR
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Normal cells and LPS-treated cells are treated with protein transport inhibitors, and then PE/Cy7-Anti-Mouse TNFa is used to label the cells. The ex-

pression of TNFa protein in the cells is detected by flow cytometry. Mock: a group of cells without any treatment. LPS: LPS treats groups. The results

of the two groups are shown at the bottom.
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Fig.7 The protein expression of inflammatory factors in murine peritoneal macrophages detected by flow cytometry
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