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3D-SIMZGHRARB ST X B MRS ERKRE
I B RS I EY E L

XL FRER RERS ERMC, TR A2 ER ST, BAEHY
VMR A R B, K% 130108 T A R RRE BRI SUBT, K 130033
PR AR BE SRR, KA 130021 ‘W kT A% 2 A FH B, 1K 150080

FE RPN A7 A A A 2 TR A 2 D RE ) B IR 2 — o TSR R LR 2 HE 5O UG BoR B
BTN NRAE A, B B R BOR RO R ERR G 93— E 2D T A0 1R PR AT S5
BORBIBIT A E, 8 70 % 3 2 AR SO AEAE ) 4 0 A )5 IV 40 i 5 o7 16 S P v R LR GE - i F 7E B ] DeltaVision OMX
BREEOR, TR 7SRRI I SR BRSO S A A TOCA 5 X ISREGE, R T 520 HE AR R BRTE 2R R A 4
o R DA I A P PN P AILARS S BR BOR MR, Dl R AL W S ZmSUS-SHLE 78 1 55 3% B 4 i I ¢ Ak I
L& B o AZ B FE RIS S T — B 56T o) 25 60 7 (5 OB i 1) 1 07 ¥, B OMIX S Rl A B AR AE A 0 40 M v 2 1
JoF L 20 R A7 Y 2 FH BEAT T

KEIE  JOLEH, OMX, WYLANHLES, B HER B
XUBH, FieE, PERE, ERD, FFH, XZ, ER, DR, MRS (2015). 3D-SIMEE B 4092 B So IR 1

FRAEAE Y400 2% N B e L. FEW) 4k 50, 495-503.

R 4 IR S A v T N AR R Ay s Al
SR S AL (PR MG AR 4%, 2006). %7 M AR T LA 7
HRbRE RV BUR AR VIR K JE o 15 20 B A 2
KRR GriRaE . K. F25E . fHiE (Dobbie et al., 2011).
201t 22 ) R F %% 't i ik e W 5% A 4 21 2 (Masters,
2010); 20tHZ80FEAHOLIL IR AR WA SE I 1 Vs 48
H3D A% (245, 1996; X3 #E A R ¥, 2003),
B A 7] 23 9 A F- 250 nm,  Fl 5] 43 9 KT 600
nm (Brown, 2011), J&iZ:SE U A7 20 . 41 AR 2%
FEgiE L. HT &4 (electron microscopes, EM)
ZREAR I 2 07 R IR, JE vk TS 40 i 4% (Colth-
arp and Xiao, 2012). T4k, RBHIF TAERH B A T
KAERTRENERTOCEAS HWEAmME, FIH
S ARG B A LI 25 1 5 7 4 B 2 v 1 Ay (B AR
Mgz iE, 2009), BOGIE SR AR Tz A 1)
FARZ — (R a BRI, 2003). {HHT#HEHLE
FE DB 2 Ay W IR, T R IR — OB (1) R 68 7R AH
Wi £ R RRORS B 5 I B O I S AR X T R R DR A

WA H 3: 2015-02-16; %52 H#1: 2015-03-30

WM AR ECEE, 19894, INFIHEJe W k21
John SedatfiiDavid Agardfff & H ] FH T3 4 i 21 A
JEHABDZ G AR 1 73 FE A OML (Minden et
al., 1989), /5 APIA R Ak, JE R T Delta-
Vision & i #% & %] ——OMX (Optical Microscope
eXperimental) (Dobbie et al., 2011), ][\ 5 FF g
/5 $)80-120 nm, #1733 #1%4 $]105-165 nm (Gu-
stafsson et al., 2008; Schermelleh et al., 2008;
Dobbie et al., 2011), 7 i)/ HFA 4 i B WOLIL R £
B 82 IR 18 4% (van de Corput et al., 2012).
BT AR BRSBTS B iR G 2 B, AR A |
SEFt T I IR AN A (A Sy AR, AR AR N B — AN B
B B .

H 1 % F /) DeltaVision OMXAG 25455 & Ji
5 17 A4 S R AR A RN 5 T~ 3D 45 ) i B 1l 5 I
i A (three-dimensional structure illumination mi-
croscopy, 3D-SIM) i) 45 #4) # B (structure illumina-
tion, SN, DeltaVision OMX ) SIHE 2 AT LA T

HETH: HE ARPEIESTTEISE(N0.31200611) A1 [H 5 [ 4R F 223 42 (No.31170731)
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0 [ 5 41 BB 5 (Dickerson, 2010), 32 &N H T
NS P2 i £ 5 E AL 7S . Weil%5(2010) Kk
H DeltaVision OMX ¥ #fi [X 7l F #% GF #i # bicoid
MRNAGE AL K1 B A1 EE . Zheng#%(2011)
K H OMX 7E i 5 5+ b oK S fih 40 & 22 R A
SAP102 7€ AL 1E R fil A 22 o L i, ¥ PSD-95 7
PEAE Sk, T = AE R AL RIEA R D) fE
Seabold%%(2012)#1 DeltaVision OMXJ3i F T #3 T #
ZTCAMML AR - ¥ SR SL IS = Tanos %5 (201 3) K K i
B 2 1 7 oo R AT S M R A, IR B O R R
uity PR E BE XS 32, S LT BAER. AT, ¥ Delta-
Vision OMXRZ H 3 B 473 40 A P4 1 Joi IV 248 g
SERL IR FARE A D, AR KA BV PR T P 4 i
BE VA #5 J HS5 R S5 R R M . MDA PR N v AT
EVFZ R ARG E A EEE H B, RICH R E L
X8 7S AR B A B AR 2 5 A R 45 R A AT R T

A SE56 B 7E R DeltaVision OMXSZHLE H i E
T A N S A e i, 3 S —Fha] B T
HEE R SARF AR 7 7 . T SEI0 = w A UE
A AR P T 5, ARSI IR BUE M AR G ——
EOKFERE S R (Zea mays sucrose synthase, Zm-
SUS) I ZmSUS-SHLEATAF 7L« K4l ZmSUS-
SH1fFEKZmSHL (shrunken 1) % b5 44 (452 ) &
H(green fluorescence protein, GFP)[3L[AGFPEH
9, A 1ZmSUS-SH1-GFP, S AR A
M 5% I DeltaVision Olympusit i 1L 5
o IUBE R Rl & R W)€ Az, B J5 K FH DeltaVision
OMXGH 73 #f 2 B BE AT K Al e fir, SL I8 B L AE
TP 040 B s PN 0 8 62 B AT AL TRIINF ST T — 5 1
fE T OMX AR il ;7 i, Y A f#s R 8
FR RS A E RLER A T — FloR (0 72

1 MHE5SHEE

1.1 SRR

SR B FEB73 H 22 & FoK(Zea mays L.)FFH
¥ (Nicotiana alata Link et Otto cv. ‘Grandiflora’). r,
[ %k ~pEasy-Blunt (TransGene). 1Y% ik # 14k
NpCAMBIA1302-35S-GFP . S2i 4 RHE A5 K it
R Z 40 Trans1-T1 E. coli DH5a (TransGene).

AT B PREHALOS . BBE v i B (B % 1.5)
(Fisherbrand).

DeltaVision Olympus % >t 37 i 4t 2% £ & s
FV1000-1X81 Hi 7 Ak 4 A B 27 B B Y5 -5 34 52 4G )
du ik, DeltaVision OMXH#E /) # % &4 th 3% Ak
KA RSB T i it

1.2 SKBFE

1.2.1 HURFEWRE

7EGenBank &5 ZmSH1E K (1) cDNAJT 71K N2 746
bp, HH172-2 480 bp NCDSHIGX, it #APCR
519, RECE KA ZABT3M KA MRNA, 15
FIcDNA. ZmSHLE Ky 1, i%EH:F|pEasyBlunt
34 pEasyBlunt-ZmSH1 5L & £ ik . &1+ 7 A Spe |
Mg V) 47 &M K5 W 5 51 ¥ N 5-GGACTAGT-
ATGGCTGCCAAGCTGACTCG-3', 3' it 5l 1 N
5-GGACTAGTATCGAAGGACAGCGGAACCTG-3,
P ZmSHL M o B 2 fA B 3G, FH B e A e A vk
PP R, [ Spel i D) i [ r= 4 F0 & A 4%
75 O B8 H ) ) 3K 95 % k pCAMBIA1302-35S-
GFP, RHEEIEE, A4 KA W 2 25 4 i
Trans1-T1 E. coli DH5a, 18 pCAMBIA1302-
35S-ZmSH1-GFPE 24 Jii ki [ K AT i . SR =5
I R S N R AT FHEHALOSH, SRS E AL AT

B o

1.2.2 PHMMRBRE
BUAAN HBS AO MR B A e, ek, D)k
0.5 cmx0.5 cm/NHt, B T 2 2 1) ODeoo 1H 21 A
0.5-0.8 AT B B ¥, $EBN109: Bl 5 #2Ff T JL 8%
FEEFRIE b, BBE R IR 48N T B AR P JE K
Wk, BEARIR Ky, BER AR R IR B SRlEES
FRIFBAE KT HN L, K A HME AR T R
Be, R AT 1-3 R e 3, B I L U ) A E A
EoY LU R iipviop a1 S Y ) e SN IR ek = 7 i
FAMREE IR B, 1 G RGBT
Al TR AN A

53 A 5 EE A TR R AR T 1 AN S AR I AR AT
BIE AL, ODgoofH 7 F:31.0-3.0, H1 mLyE 5 284t
SR B UTE G R FE TH (FE RANEER 5E),
TG Sk v I 28 76 £ L AR 5 M 100 pL s A (G
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MK, B L Z43-4 cm?, AT A kB 2-44
MG, HidSZR B ENAMAE, A HEHE
RHSAE . BEYIEE22°C. 167N A K
24-48 /NI .

1.2.3 FEHEHKRN S TR

KHCTABIE /NEFRBUM Sty BRI 2 . DLz A
AR, 43 9% GFP M ZmSHL 5 ¥ 47 PCR, 5]
VIR HI WAL B = iiAT Bt g Wt e vk, v e 15
FIBHPERE R

124 HIRERR

X TR A A, BRI, EEOY B A
B FK, VBT B A 1) P 0 EORE A AL R A=
AL b (R R Z AL, KR K A R
I, VIEBER sy, W3 i — M8 a5 A FEA,
JRERUETG S AR A O R 4. AR & #  T,
KRR R 1 e (R N IR bR 22 7K 4y, Ak F Fisher
(AR I F AN 55 3% (% 1.5) o F 45 H gl B0 25 3 F DY
A, bR, BT 23R O BRAR B A AR
Y PR BB IEE o X TR e AL, K S T
B, R AR R ik, e S RE
I

2 ZR51TR

2.1 HZmSHIEFEEAHFNENRITRERRKS

] &S ZmSHLIE [ 8 A 3R AR I B A A AP B, AR S
I % it 7 pCAMBIA1302-35S-ZmSH1-GFP 4 ¥ (&
1A). FIFHGFPAE N e 5 JE A, R B T 7
%, KIS ZmSUS-SH1 L N ZmSHLIE# 2|5 FH
GFP%i 5 B K GFP [ #44& |, 3k 1% pCAMBIA1302-
35S-ZmSH1-GFPE 4 i ki, ¥ H T N KA H EHA-
1055 o FEHUR AT B R, K Spel 1EgY), F=¥14 51

*z1 55

Table 1 Primer sequences

FE W Bt s FL PR A, Spelts kL ) 1 i ZmSHL AT K
RPIER 7>, RWIZmMSHLEE K742 T 5 H EA UL
RITE . Kb E AR, 45R1E3ENCBI
Bl e TR AT IR TR LEXS, 4R SRR S8, R
B4 BONZmSHLF 1

22 HEARNMEEANRMERNRE

N T 3£ 13 4 pCAMBIA1302-35S-ZmSH1-GFP & 4
JFORE & 8 I BH AR AR, A S0 R F AR AT AR i
BEATHA . e AR R S TR O, 2 )G
ML FRE AL, M EERER, HHEBE
AR IR . DAy BE RO AEAR, 20 5 FHZmSHL
SIYIFIGFP 5| ) (£ 1) 4T PCRY™ 1, B fig b gt Jie v
7K (EI1B1, B2), PCR™YI /NS il — 2k, RS
B BT e NAELR o 73 ) 0 E At 25 R R 2 A R 1+
Jr B mRNA, & 515 £|cDNA, I GFP 5 # it 1T
RT-PCRJ M, 45 RAIEICHT~. SL¥64s L Ol
TIERAS R 8 B A& A B I 35 R (10 8 25 B s 56 1
A B A RIA .

2.3 RABEMESH

N T RIEL S B AL ST 9 B Z RS AH M, AR SRR R
FH# R ) v (BI2) B E AR AR . I HH K F-10 em
R B B AR I P (B12A), AT ANEEE i fbk— )
i) HC AJRUE T EI 3R Ry PR 20 B (1 2C) o KT T A
AAEVEE I R K PR RS, Y12 RS
(K12B, D), #—MZELE s &gt i (K2E). N tids
KGR 2 MGG, TERE 3 RARIEACH H e
bk, Wbk 2 Ko (KBI2F). 4 F 33 5 35 Y
JE(E12G) o il 28 b (80 b A Ji BB 78 42 - AT,
FCHELF, AT T R

2.4 RHAEBANTHEENEEN
AWIEEGFPRIBI & Wt EAGSHRELST TR T

Gene names Application Amplification length (bp) Sequence (5'-3)

Zea mays sucrose synthase PCR 1900 SH1-L1  ATGCCTCCTTTCCTCGTCCT
(ZmSH1) SH1-R1 CTCACGTACTTCCAGAACCCG

Green fluorescence protein PCR 487 GFP-L2 TTCGGTTATGGTGTTCAATGCCTGTT
(GFP) GFP-R ACAAACTCAAGAAGGACCA




498 fHYHIR 50(4) 2015

A
Left border
{ hyg 35S-pro
B1 M T B2 M T

kb kb

-

—
Ll o
v ocuvoo

NOv-IOh
mouvoo

A o SHY

(1.9 kb) 1.0

0.25 0.25

Bl Fhd R E 2 R R B A R AR 2R A (K 3%

— GFP

Spel Spel

Right border

C M T Wit
kb

20

1.0
0.75

0.5 - GFP

(487 bp)
(487 bp) 0.25

0.1
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Figure 1 Construction and validation of fusion reporters

(A) Schematic represenntation of the fusion protein vector; (B) Electrophoretic assay of PCR products from the transgenic to-
bacco leaves with ZmSH1 (B1) and GFP (B2) primers respectively; (C) RT-PCR validation of the fusion protein gene expression
in the transgenic tobacco. M: Molecular weight size marker; T: Transgenic tobacco; Wt: The wild-type tobacco as a control

BB, KA A bR A ROR, WD g A
B IR GH B A1 Lo AR S I0 R T A0 AR A E T
DeltaVision Olympus¥#o't 143t 5 £ B e ™ i3t 47
WIZERL, F1488 nmisUk LR, SR H 100X BifE
PHEIY)4%8.582-8.594 mmAh n] Ml £ e AL 2R, T
KI3FT/R.

EH I3 W] 01, HE A3 2 Bl v b AR TE AR Gl TE
N Y R EE 1 2 Y 4 i (3D 1-D3), £k
TE T R (EI3B1-B3), K BI A i Ak nl
TP RRAR, o B A O B S wp A R DR R kil 5 2
FI 2% (0 IR, RE ST I 4 #2085 5 (KI3A2),
SGepaEASHSET SR AR CBR NG T,
L0 5 (IR AR E B (EI3C2); W I 4 Ak R B sz b
HMAMAEEANRESE R SR g R —5E
3A3, C3). ki # AL GFPH 4% 1.5 ot 2 SR BUIR (I 3E);
A B A TR e A U B 4 €0 ¢ ' (BI3AL, C1), %
S HINE AN S HA LR AR iR, &

RS R D 8 AR )R B AR A

2.5 DeltaVision OMXX}7a4& & B HAE L

HAH 1) Rl 5% O R R A 2B A A R A 2R R A
ZRAAR R, ARLE SR AR P IR B A B A A — P IE
B . IR TR G B R SRR N SR RS Al e i, AR SE
5ok B o P B R B H R, F H DeltaVision
OMXGEE 43 #% 2\ 73k 3 1 SRR =03k A7 [ 5 4 B 1 1%,
7488 nmi kit F, FIResolve3D# L% Y15
SIEH, WEAFTR.

P14 R A Vi 20 PR Py b A T A e R P
KLAERIE T I HE, A BRI SR, R4
et (K4B1, B2), & ota AR B KR
A5 5 R (KI4AL, A2, B1, B2), R LLIEMTIX j) i
SRR MBS EAME, Lma e
4C1, C2), FHIZM A 755k 0] LA H T OMXHE /3 ¢
REAR, G B A 7 e A B TE I SR R
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B2 Wb AR

(A) HEIRRANHFI Fr; (B) LRI b S —i 7K, (C) HIBR Tt oh M WHITIBGR Bz, Hbn ALK RTT; (D) VIkZ Rk (E) W
—ME LA (F) 8RR 2 (G) 5 E f. Bar=1.5cm

Figure 2 Flow chart of specimen preparation

(A) Select mature tobacco leaves; (B) Place a drop of water onto a microscope slide; (C) Tear the leaf epidermis with a forceps in
an orientation from the leaf edge inwards; (D) Take the thinnest part as the specimen by cutting off the excessive tissue; (E)
Place the coverslip onto the specimen carefully to avoid trapping air; (F) Press the coverslip gently with the thumb to remove air

bubbles; (G) Seal the coverslip with nail varnish. Bar=1.5 cm

SR B RTICHISMU(E4), £ RG & A E AL AER
A AEL PR 3% 17 240 i b S A R b T . 12 5 SRR R
DeltaVision OMXI¥ISIFLF AL, fE 58 LI Z 1H- 2k 44k
WERKE AR ZE AL A A RCR B TE . BB, W]
DUARR 9% 2R 7E 23 (R e 4% 46 i (B14C1-C6) B T B
Y% (E4D1-D3, E), H &0 LLF H3D3)HE % X,
ST K b B E R A 4 A T 4 A A R R 4
SENL.

2.6 itig

THE B A S o R 0 R R A8 R s O AR AR
W2 AN AT /D I F 7 A3 (Swedlow, 2012). % TAT
SFF 110 S ] 325 250 T B (V368 4 22 3D-SIM B A A%
HAR, TR TG00 5 B A I AT 5 S
#in i, DeltaVision OMXIETFiZE A, INEEE R

gt, KHLinux TEul Baniicse. AE s, L.
BB S B 34 AN E £ B8 A T — 44 (Dobbie et al.,

JHIE G H 96 Tk (Swedlow, 2012); 3DE MR
RIEMW . EASN; RIS A P e . DIE,
P FHIDBNER K BT AEE N B, Hbr A
E 56 B 5 B WCTE SO AU T I 2 5 615 5 5
F|FHDeltaVision OMXJ&% . H Hi{E S H DeltaVision
OMX 5 THI Ak [l s i 4 (40 N4 J& 7K 27 Akt
BRF L ARV S0 = AR E 2 B A
JUA G AR S R AR 2. ¥R
PESEI R BEE BRI RS, BN E R
W P15 MR OR 24 2 2 Bt SR %

DeltaVision OMX5i Rl AGHFEAR BRI Siiz, 1Ml
R T ESR S (Fisher) R EERURS 91.5(£90.17 mm).
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[E]3 B R R Al O L R R R

% F DeltaVision Olympusiot i3 58 Az B 15488 nmifo', 100Xh4s, FHEI1458 582—-8 594 uymAL M £4753]. (Al), (B1), (C1),
(D1) REACHFERAZ; (A2), (B2), (C2), (D2) WEHIFALALA & FAMRARMAL; (A3), (B3), (C3), (D3) FaE A& & (b A uE; (E)
BEB AL GFPER A ifG - FIAFNA3 R R Rl & PR RUE; BIB1-B3J9ilUk e NS4k B R 76 %, EIC1-C3 Nkt
TG OFHEE ARG E K580, BID1-D3J A W% F# LM% . Bar=20 ym

Figure 3 Confocal imaging of tobacco epidermal cells

Images were taken by DeltaVision Olympus scanning confocal microscope with the lens to sample distance between 8 582 and
8 594 ym upon excitation with a 488 nm laser. (A1), (B1), (C1), (D1) Images of non-transgenic tobacco epidermal cells; (A2),
(B2), (C2), (D2) Images of the ZmSH1-GFP transiently transformed tobacco epidermal cells; (A3), (B3), (C3), (D3) Images of the
stably transformed tobacco epidermal cells; (E) Image of GFP transiently transformed tobacco epidermal cells. Figures A2 and
A3 are the fusion protein images taken upon excitation; Figures B1-B3 are chlorophyll autofluorescence taken upon excitation;
Figures C1-C3 are the overlapping images of the fusion protein fluorescence and the chlorophyll autofluorescence taken upon
excitation; Figures D1-D3 are the tobacco epidermal cell images taken under the visible light. Bar=20 ym
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B4 A HR 1 2 DR B R AN b A S 2 B U AR

X FiDeltaVision OMX# 4> #FK B, 71488 nmii ke N, SRR 7OLE S EMERNEG. (AL), (A2) RHEMAE &S
FH; (BL), (B2) MErEH KRN, (C1)—(C6) AHX M EE IS MEE; (D1)~(D3) FidZmEMGMEYIEIE, (E) LS mE

BERIAIEIZ .

Figure 4 The super-resolution images of ZmSUS-SH1-GFP fusion protein in transgenic tobacco epidermal cells

Images were taken by DeltaVision OMX Super-resolution microscopes upon excitation with a 488 nm laser. (A1), (A2) Images of
different viewing angles of the fusion protein fluorescence; (B1), (B2) Chlorophyll autofluorescence; (C1)—(C6) The corres-
ponding overlapping images of the above two channels; (D1)-(D3) The latitudinal section of the images C; (E) The longitudinal

one.

¥ A< )L £ 7% (Dobbie et al., 2011) LA G 3 4 ik
Ko BT RPN BT anEE, ToVA RS AN i —
I B A T T B R A, R b A SR 487 2 o
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A G RECRZ AL, L NG TR LSS (3) #i
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Using 3D-SIM Structure Illlumination Microscope to Localize
Proteins in Plant Subcellular Compartments

Yue Liu*, Yuejia Yin?, Chongyang Liang®, Dianshuai Huang®, Yang Wang®*, Yanzhi Liu?,
Yao Dou?, Shudan Feng®, Dongyun Hao" 2
!College of Life Sciences, Jilin Agricultural University, Changchun 130118, China; 2Institute of Agricultural Biotechnology,
Jilin Academy of Agricultural Sciences, Changchun 130033, China; *Institute of Frontier Medical Sciences, Jilin University,
Changchun 130021, China; “College of Life Sciences, Harbin Normal University, Harbin 150080, China

Abstract The information on protein subcellular localization is important to elucidate protein function, and imaging tech-
nology is one of the important approaches to visualize protein localization. However, conventional microscopy techniques
can barely resolve details of subcellular structures mainly because of the auto-fluorescence interference with their limited
imaging resolution. In recent years, super-resolution optical imaging technologies have been successfully used in human
and animal cell research for their 8-fold higher spacial resolution over laser confocal microscopy. Application of these
technologies in plant cells has not been reported, probably due to the peculiarity of plant cells. Here, we report the suc-
cessful use of DeltaVision OMX microscope technology for visualizing Zea mays sucrose synthase 1 (ZmSUS-SH1)
around chloroplast grana in transgenic tobacco epidermal cells. OMX microscopy can overcome the cellular chlorophyll
fluorescence interference in imaging fluorescent fusion proteins. We also developed an optimized sample preparation
protocol for using DeltaVision OMX microscope technology with plant materials.

Key words fluorescent proteins, OMX, plant subcellular localization, super-resolution microscopy
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