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Determination of the Subcellular Localization of Proteins as An
Experimental Course in Cell Biology

Song Jieqiong, Bao Shuguang, Li Luhua, Zhu Shifeng, Men Shuzhen*
(Department of Plant Biology and Ecology, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract Genome sequencing has resulted in the identification of a large number of genes with unknown
function. Determination of the subcellular localization of the encoded proteins is crucial for identifying their
function. Transient expression is a simple and fast technique to study the subcellular localization of proteins.
Here, we present an experimental course suitable for undergraduate students. In this course, students will analyze
the intracellular localization of fluorescent proteins transiently expressed in tobacco leaves. We describe the
experimental principle, step-by-step protocol, and teaching arrangement in detail. This experiment provides
valuable references for the experimental teaching for undergraduate students.
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W It RIS BOR AT B A A 5 55— T3 i, s
ZSERINH 1542, B IR A SR S RITRE ST, D94
HEAED AR T RN R R AR BRI RN

1 SEIJRIE

B 40 E A S LD RE S VIAH G
4, S H PRI ak HEAT I 428 1) e 3 DR 73 R E AL T
YHNIRZ b 2 5 40 5 s a1 e s 2 8 R E L
T, 2 5006 1FH R & B BUE AT SRk
BRI, o H AR 2 o U 40 B E o7 i) 0T 98K AT B T4
ANFLTRE . AT A E AL AT 5T 7 32 ) A
T =R (DA T %0573 bR
JEEHF P8 8 0 SR WS B A B % e 4 2, et
K73 BN ER 5 G 2 B I8 2% A2 (Western blot) K Aff i€
H 18 H AR TR i i g 0. 0T RAESIY)
YA B WA T2 BiE L (BRI
LERAT H B E B R iUk, 10 HAS R AR A
st X BB A R EORAIR R Z . QBB
TR IGIRAI AL o 1% 71 A BUE A FTAA
R SONE, PR IR I I 4 G 8 E B2 1 3R R
RIE 1%, 15 Bk BRI OEARIC R B A BT L4
JLE R, ZITVE RIS T H I 2 A B R S T
. B)YEFOEARE R Tk ST E A b
(g i 3k [, BEAT AR A AR R 2, B ik B
Y15 't & A a0 2% £ 9% )% 25 1 (green fluorescent
protein, GFP). #0556 H H (yellow fluorescent
protein, YFP)EGZL {5,7¢ 51 25 [ (red fluorescent protein,
RFP)ZE ) g i 5 51 AH Rl &, A5 9 22k PRIt 5 e — A
FF 7% 5] 152 HE (open reading frame, ORF), M ifij fi H /Y
HERMZOGE AR RRL . HIRG R R 5 H
B BAR AL N A L, 385 990 2 U B
BOGIL IR A BB M SO0 T B B E AL B, A
T € B EE 5 V40 P A2 207 E A R
2 5 RE S A4, (E 2 75 B2 kAT IR v e A
FRILBARREE

FE 58 =M 7 b, BE AT DAGE i B R R R A5 40
5E 1 il i DAL ) e RE DR R, SR U5 HEAT SO 1k
B ML EE, 9 m] DL FH BE B (transient) 3R 38 £ K, 4 fb
B ik DR SR P A i e, A HL A 4 N R ) v R
ik, T MR e, B RIEB ARG R, P
W, ATREMALEEFMEAE, B ZNHTE

F1 5 LV 41 7 67 FH R 1 5 AH ELAE FHAE R 0. A
W Ny R A BOR L AIER PR, RATHEE L
(agrobacterial infiltration)™, Hi 7 V£, & 4 ZfF
(polyethylene glycon, PEG)VA! VHIE )95 25 246 &
EM o RAT RS IE N O, 3
AL TTEREE. &R AR, N, %07
RS A H B R R IE BAA T NRFTE
BT ANWSCER AT T 400 B, ¥ S 0 g 400 P S
PREGI J, Ak B A2 BRIAE - 48 i rp R ik — € I
) J&, BBORA BEAT SR WL ¢ s HEAT 2R B B ELAR 4R
JEBESEER™,

A SEIO A F B SRR BOR, Kk @ iy iR & 3R
R FANEIE S @RI SEE, KRG
FE PR N MR B b, A R R DR R R
RIS, ARG, FIRBOCH R BHOL BN
BTG T M4 L E A7

2 HEFFITSRH
2.1 HEFHEHW

TR ARSI (1) H I =2 i AR A 2 2] F 4R R
B IZETE, FHRI A EAE R o g i 3Rk
H IR, 2P S %OLE ARG 1A AR
1 5 9 S 240 i 7 () S B b R, RN, 7E S i F v
RN R T8 6 BB 0 FH ik
22 HEFEELS¥S

AL E BT S ROLEA RS
774, W 9T A B0 R e A7, G0t 5 48 Ik
RIR AR JFHE R AR AT B IE A By rh
R 1A H A . s s 78 TR H 2 W AUse
WG I, AL Hh B4 ¢ O B B 1 FH 22
iz FHAH OC BBV R OGT I 52 1) 46 SR g AT 0 A
23 ZEMESEE
231 FEAPH 3~4J8 TR I A IR (Nicotiana
benthamiana), &4 35S:EGFP(GE AL T i i f1
#). AKDE1-YFP(AKDE1:2-OXOGLUTARATE
DEHYDROGENASE E1, Fi & R Al, &
7 F £ ki 4R )13, PIP2A-RFP(PIP2A:PLASMA
MEMBRANE INTRINSIC PROTEIN 2A, &7 T 4H
i BRI Px-RFP(YERFP I C- K ity i 1 ik 48046 40 g
14 7€ 115 5 Ser-Lys-Leu, & f7 T I 4647 il )14
JFCRL I AR AT B T AR CS8CT . ik ik BT i e b
WA RIER.
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232 FEMBEAREL RIS HT AR R
A POLRME. EYOLRE A, HRER. B
Ol BF TAEG . mEKES . 1052, B,
MERWA . Wk, EHES. B B, B
JIRIE 55

2.4 HEFERH

241 FagH  RKLEWHNLURSAEE: (1)
Fic 1Y BPYR A $5% 77 35 B B2 Bl A AT B (82 i) (2) i
B ilif AR 7% K DI85 1); (3)
U SCERARAT R 4B % B (62 ) ); (4)iB3E T S
LI B (62729 ); (5)BUM VRiR ¢ 6 B Be ) H, 2
A LB S 45 BRI (1627 ). A28 22 FE48 %
B, PRATHE 4220, 20 E Bl 5

242 RAEE RPN R (L HT3~4
JA); 5 IR AT B T R (SE I RT3 dAC ) YEPLE 7R 5 7%
B, BIPAR, 285 BCARAE R RI 2R, T-28 °CREFR A
HREHR).

243 ZEam BRI AH2~N, AN
AT IS A FE M ZOGE R, HRZ RIS, 3
7] G A 58 SR B AR, SR g S 45 I, 1
Wz 5hHe.

3 XL
3.1 MBI ERHESBINSEIETTN)
EER i N AN G R G U K D B
R IR B IRAE MR L R B 23 °C, JLE 16 h
JEIE/8 hABIE, JEISRAEZ) 7912 000 lux. 3~4)H k]
JHE AT o8t 75 EE R IR, MR AEKRE
Xof SEEBG R ) A2 O B, T 5 7R o B R e
FREAR. PR, fi T 20 B B TR R O B T R
T RR B, ke G B Kol 2 Bt b S 4b, sl fE2
JE % B e 1IRCE 77 (19 W Hoagland & 77 ). LR,
T 1) Y E P[] 4 5% 7% L (A I AH B B B 28 2., 491 T A 5
36 B F () 85 72 36 TR 050 pg/mLFAEF. 50 pg/mL
RIEZE. 50 pg/mLIK KER), B IRAF1E-80 °CIK
A R AR R B B P 4 R ERCE Y EP B4R AR |
Rk, 18 B i rE28 CCLEAL B IR A P B 97 2~3 d, 15 9%
AR A IR A KAE L.
3.2 IR FIRIECHI A
(1)YEPY /& 1% 9% 2£(100 mL): HE% £F 42 B4
1 g« AWML g« NaCl 0.5 g, 1100 mLZ& 18 /K ¥
fife I = KW ()Pt 2E 2 50 mg/mLF| 4~ (Rif)

it 7 W 50 mg/mLJK K % K (Gentamycin)fif 17
W~ 50 mg/mL-Fk A} & & (Kanamycin) i 7 W; )R
FF 8 3 A YEPYR A4 1E 77 35 7 NS0 pg/mLA 48 -F
50 pg/mLEAEER . 50 ug/mLIK KFE 2. 10 mmol/L
MES(pH5.7)+ 20 pmol/L Z. [ T 7 lfl (acetosyringone,
AS); (MR FF B B iE 2 M HMMA: 10 mmol/L
MgCl,. 10 mmol/L MES(pH5.7). 150 umol/L
AS.
3.3 BEFMFEARTER

TR 1 TAE & PR AN R AT B VR, HeM T
5 mL YEPYRARES 72 3 (550 pg/mLAAEF. 50 pg/mL
RIAPEZR . 50 pg/mLIK KEZR), 728 *CHEIRIEIR
HR T 1 77 2~3 do 3535 1 () LA A B R AR OIR S,
R MDA TE0.8~1.00, HEAT T — D #fE. W&
T EAEEA G R EA AR, VR TR AR
PR ARRIRAIE . H IR RS IR I B 44 1:100
i R (F AR AT TRV AL R R RS ), E28 °CHE IR % IR Hh 85
F716~20 h, ELEDEA0.6~0.82 8], SRJa, KA AT
PR ICER 250 mLE 0, 5 000 r/minf 0> 10 min
W R, H AR # 5 E 22 1 MMA[10 mmol/L
MgCl. 10 mmol/L MES(pH5.7)~ 150 umol/L AS] &
B, [ ERDEL N0, K LR F B R
TEZEIRES3 G S
34 ESTHREMRA

FA10 mL 7y 55 25 W Y EE 2 4 14 AR AT B B VAR
SR JE N ST AR B Sk Fodw, TR A B TALAL, —
RFEFEAERE fr, 55— RFHE R S 388 s
N/INFLJE B R e 2, AN i B3~
DX ey S (I ) (= CE MR 9 T AT VRS HE
JEES AR AR 03K, DA i i meik B L v
SPF I g5 I F 1 B o VRIS B M B R HR R TR AE
A2 di A, BT R ISR
3.5 WHAEMBEWERMIAR

5, AEVES LA BTHL0.5~1 em?® K/
A, WEGRBT R K. AR5, R gl
K, FEE TR BE U o HSURN K R G
ME b)), S5 . A, 155 WA 8Os
LR AR BB N W08 B B A i Ay, FER
LEF.
3.6 XWHFEEFTEMICIE

N ARUE AR S 56 (1 TE 8 HEAT, ATV ES T AL
TE B AR S P R 1 ), 0T R B T A
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ik, HE VR S i ANEL ] I ROK, R e Hh 2 b
A, DL RO R G by B)ES Se i Ara, #
LA FRAc, T BT (AT B P 35 AR B R o

Bl SiEESEEM A
Fig.1 Infiltration of tobacco leaf

PIP2A-RFP

4 R

F& 4 35S:EGFP(X2A). PIP2A-RFP( /& 2B).
AKDE1-YFPHIPx-RFP(F3) 5 L (1) A& AT B v S AR
M, 48 hJE R 2O B AT L%, 45 A an &2
FE3 TR

FH & 6 ABAGS-EGFP(E 1o T 4L 1) IFI 28 A
PRFREAICD3-9912sURL A AT R L[R]3 AR B
48 hj5 FI O L R BB AT . 45 R R,
AtBAGS-EGFP5 5 (4% 1) 5 £ Fi i 7 E 4)CD3-991
M5 5 (A ) E B N T, Ui B = L E AL (E4A).
A NUP1-EGFPCE 7 TR ) FRL AR AT B v
SHEE T, 48 b R 40 A 1 4ekla’,6- — ik Jk-2-
2K FE 15| (4" 6-diamidino-2-phenylindole, DAPI)i 4T %
o, SR G R O IL R B AT . 25 R E0R,
NUP1-EGFP{5 5 (2¢ ) T 41 i #% {5 5 (86 ) 4
Fil, Z BANUP1-EGFP & T#Z I (K4B).

5 g
51 FiiZSEEIMERNENX
TEAEWIRN, & A IS 5 3 25 AN RE E 1) 40 i

Merged

A: BRI S (05 0 R (1(EGFP) (5 5, GFPE fir T o ST AN A (B k5 R 4T AZ), #73=20 um; B: £ (4%¢ 62 [ (PIP2A-RFP) {5 5, PIP2A-RFP

55 LT AL, $7/X=50 pm. BFfURH.

A: enhanced green fluorescent protein (EGFP) signal, GFP located in the cytoplasm and nucleus (arrows indicate nucleus), scale bar=20 pm; B: red
fluorescent protein (PIP2A-RFP) signal, PIP2A-RFP located in plasma membrane, Scale bar=50 um. BF represents the bright field.
E2 EfrTRERMZURAREREER

Fig.2 Fluorescent proteins localized in cytosol and nucleus, and plasma membrane
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(A) (B)

AKDEI1-YFP

A L5 H A (Px-RFP)(E 5, Px-RFPZE LT 1 S AL B (A (B b i i Sk T 48 (K ARG ), #30R=20 pmy; B: B (45L& 1 (AKDEL-YFP)f5 5,
AKDE1-YFP3E fir T 4R A4 (B v an i Sk T8 (K AR S5 K)), $5R=20 pm.
A: red fluorescent protein (Px-RFP) signal, Px-RFP located in the peroxisome (dot structures), scale bar=20 pum; B: yellow fluorescent protein (AKDE1-
YFP) signal, AKDE1-YFP located in the mitochondria (dot structures), scale bar=20 um.

E3 ETEECIEBEMERARER

Fig.3 Fluorescent proteins localized in peroxisome and mitochondria

(A)

AtBAG5-EGFP CD3-991

(B)

NUP1-GFP

Merged

A: AtBAGS-EGFP5 2B R (A7 £ CD3-991 35 f7, #7/X=10 pm; B: NUP1-GFPE i TA% K, #7/X=50 pm.
A: co-localization of AtBAGS5-EGFP and the mitochondrial marker CD3-991, scale bar=10 pm; B: NUP1-GFP localizes to nuclear envolope, scale

bar=50 pm.

E4 HAHREEMFIEEOTMRIEE L ER

Fig.4 Subcellular localization photos taken by confocal laser scanning microscope
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57 2, 22 A2 N A2 AE % A 57 5¢ RGP 5 1K 7R £ I 1
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52 SLIOZTHE
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FUA R SR IT BOZ SRR R AR, S TR I AL
Ro ZRIURIRET 22 HE 48221, AR H AR A 56
Ji, B SEI /N H AL S TR, RS
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ST H AR Y N RIA R 5 5Ot BB I 52
SRR A 2 R SR AR BOR T B, IR EOR P K1
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Tt N S A 1 6, S 06 K 7 T 1) S S 06 P 5 s L
(K T HT A 2R 5 R, TR P M I S8 R el O A

Un R A R I, AR R K Y EPYRA 5 7
B O WSCHRTE fA J HEAE(RI3. 4. 15 I 22 HE R 23 (1 1~3
o) SE a6 b BT th i T BOMEE B, A58
FSCHR Iy BV S AT B A B WL 2 S

U AR ARSI A T 9 RN 2RI H B3 RHTEHI 2k
THIERE, B T BL R ses A2 A, nTBUR S A e
W YIRS SAAKE S AMUAAT i e AL A S IR AN I
o AR AT ATBOE R R BB O
R E A E L. BOLIERE RS
2 e, AT LASE N abr b S B A 3 SR e AL L
53 SLRHFPHEEER

FEACHT T 55 77 A o CERAAT T A I, SR 1
AR BUE RPN 1H;, WA DEA
BERAIR, DIE KR IS & F B R IE R, X
PR Gy A B AR P S I R v, i
A o ) ik A, (R AN REE R 47N )
IR RAF R (P o N DX £ K T DX 38K, BT
R Ko VE R SR IE 2 AR v e A R e 2
I A A, 3 W S BT R P IR R . 3K —
AR A AR A R T 5 TR BT, W
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54 LEHFHR

BRI IR R DR AR R 2 4, L 24/

PR S AN S 36 i i B 0 B A B, AN R B AR T R
T AR AT 1) A ROIR S & B RE  5 AR 1 I I
FAB IR VS AR 1 (IR BE AT B (103 ) o
X W I 23K R R A e AR S i TR, AR R AT Tl S
56N 48 -5 O B BN 120 SO = P AROFF 1 B kg
AT LUAL, IR A RIB MR IR IR, R, R OAh
FEAS MRS, Dy AR e K3 RIF I S b RE . 52
B I B AZ A I 2 AR T R R S B A A R A AT
T, O T RN DA AN RE R AR AR R B o i
FErf, o i B AL B AR, SRR A
[, WA RCE . BRI, V15 B4R 3 30m 2
WYL RS SARBE I8 A2 A R A SR IR TR AR
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AR SR VR R A T ARFE R — A, SR I i R A 2
3], AR R B AR T SEI6 P R B R SRR
MERBA . B RIS, %4 T T
FOR 540 52 A ik, B T W feg B 3
K5 5 TR I (4t 75 6 TR i, A A L 3R 0A
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FEYRRFAE SR B AL H R . IR, 7ESeab i/
FErf, 22 A N TE AR B A KA AR AT 1, A
B R IR (3 S D 92 B BT P S I O AR
MIHRAE . A B AR ARSI PR AR HE il kAT —
SE MR, 2P — LT R, E e ST A
PO IE) . AR, MR BRI B 22 HE
B, ARG R, WS IRAR S,
REA Jih 7 1 5 AR A
55 ALWRE SNA

(1)SI 56 2% 1 LR HL & W 85 97 40 5 85 97
= RFF R FR AR BRI BT .

Q)BUM I EE R S0 HOT 75 B AR B R R AT I
BB TR, ARV BB AR

Q)T EM A F TR MY EDF AR
SRIGHE . GEA LR BE R SRR PR
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