O AT

— fist ¥ 3

L AR
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TR, 12(1), 73-78(1995)

N, L—H¥—24 20— LI & 2EYHAR~OEIEERFEA

FIFERA - HAERE - 3R 75 - ILIHRE

PSRN

(7593 HirfjzEHT 1-1)

*REREE RS —
(7558 KB XXTH4-13)

(1994 &£ 7H 29 H=M)
(1994 ££ 10 A 22 H=3)

N, v—#F—<A 70 —20%E337. 1nm, »OLAIE3NS) 2E VAT ANF—TFNaBEB LV AT
VBRI AR L7 & 2 5 1 5~6 ul/spot O T A F—LULT, HEERFERE L I L, Hiass
B L UCHIFEA~D 0.5 ym Fie O FFLBAEECH - 72, 5 DNA © U ¢ pBII121(GUS, NPT II) % >,
0.3 M DEBEEBEETL -V —RIZ X 32757 X > 5 (Impatiens balsamina L., I walleviana Hook.) & > u/NF &
A o3 F (Lycoris albiflora Koidzumi) fE~OEBEEBGTEAZRAAL E IS, 3 u)/spot DAV F—1
~OVTHRE U 7R, —Bi% GUS B FORBERIIES 4% &L, £/, FNaBE~ox2v )
WA 774 VA (CMV)BEF(CMV-RNA) DE AR TIE, BA 24 R 3 REME & 2 o F:04
faT CMV OFEBHE» D bz, IREDFERIY, Nyv—F—< o 70— 4 ZEHEAOERY

RELFEACHEL TS EEZ 5,

1. #% §

V—HF— AW BE  BEFOSFICB L THH
Ko sfEyT, MRRNS FEORESOMIEREE, B &
UHIfEO—ERREEE, Yk E oMl TR ©Of A A
CENY 225 %, ZheodT Tsukakosi 522 L D
Fgani, £/4v—V—0O~vA7o—LEA0ni#
BEAADEETHAEEB L, HFLLEETOESEAR
e LTEESh TV, 2 ORE(HITEERL 0%
) Nd-YAG(RAA YT L-A v b YT A THEZ
a—b, F—3v F)V—F—0 3FH %L 355 nm,
SNNVAIESNS) 2 Wb DT, THEAWTE A A
F . RF 2 =T B LN BEMECOE DK
BELTOEABRASN TS,

—%#, Kagawa 578 L UOF/ PR ER L —F—<
4 70 —AFEE337. 1nm, /S AIE 3 ns) D BE
BEHFEL, 7 IEHROZAOBEERET o 78
B, RV —F—HKOERGI. 1nm) iz v —F KK
FHe & DN E U7 DNA OB % E1E & ¥ 2 45
CHnHZERRHB LI, 0%, AEBRIARFSEH

(o LABREBTRE - V7 N5 Y) CEGTEA
KHFEATE LS CHB SRRy —F— 2 R
MSL-1000), Nd-YAG v —¥— 0 3O Rb b e
RV —P—2HAWE Lo, EEVLVEMT
VX7 NTH B, V- F—HERLVERETHS
2B, LDANSVBRILSTRETH L Z BTN
TWw3Y, Lal, ZEEEAVEERETRIARMED
HAFIE.,

EE 5 M2 DNA BAif % 5 L7 BRE O &
Bige LT, SEEVMIAORETEANEY Lk
HLTwaY, KR TRERL Y- 270 —A
W & BEVHIBIAONRYE 2 5 VK BETFOEBREA
DWT, ZOERENERTERNSEENE SO
THRET 5.

2. BB L UFE
(1) L—Y-—MEsEE

NEMEOBEA BV MY —%— 2 A (MSL-
1000, ¥ - LARERBTHRE - V7 NI VEYIER
v —%—(337. 1 nm) O FHEIR, BIEZ, v —¥F— %D
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ARG A 5 BERERSS (B B L e =8 —&n
SRERENTWS, v—F—EH0BEKIIE/N "0
MELEBD T, FAXFEL0 Torr OFD H 71k 14
kKW TV AE3ns L x> T3, BEMEBEEOELL
> R Zeiss, Ultraflur @ 10X £ 7213 32X S EEH R 1L
THY, FREEZLIELILIDARY POKRE INE
ZHNBIIWRoT S, LV—Y¥—HOKBIIHER
ELTA 7 ARG mmE) ZHEA LTy —¥—HEE 0.8
~50 pJ/spot) = N L TR REEMET L. kB,
V=Y —DREAORECIZ, EECHEY S—7 5 A
(EE6mm, E 0. 12~0.17mm) % - - EEMEE
7T AKE(ESMm, @ 15mm, B &L,
(2) ¢iEEY

WY~ O BEHE & 23 a (Nicotiana tabacum L. cv.
Xanthi nc)ZERMME, X o> (Cucumis
Earl's Favourite) D3ZZ#E & 73, B X UEEEY
BBl L TfT > 7, X o U EEREERETO
T = MS (3% HERE, 1mg/l 2,4-D, 2 mg/l NAA, 0.
I mg/l BA & 4) MFRT TR E L /- U O b
DEHAVR,
(3) EEEMEICLIBE

FoNABEB LR U VEEEMRE 6% SN — LT
T RE 1% MEEEA A 20 ACHEE, Bk, By
T AFBCANELI T —Y—2BE U8, ¥k
T OBk, BRAREE Pt-PAEER EHETH
HEE (HIL, S-800) CEIZEL 7z, =d, FIEIEEMES &
DTV W2 {To e Ml DV T Y, B X
D HERHEREEEE FEME CHEL -,
(4) SRMEOTEAN

Sk¥E & U FITCHER 7 V7 3 > (Sigma, 4rF
E67,000) N X TNV = HRL, v H
(Impatiens balsamina L., I walleriana Hook. ) DFEEy
LA RO AEH A, FITCEZR V7
3 VORI~ DR A Z T 2 BB E OB IR
DEBYHEN, 0.2~06M~< = — % 7213 10%
FEREE 100meg// 352 &L 0.8% BREAT 4 KT
SR FIzEBE, 0 LRI EBA L. A
A8 > 7 (6 mmg) kFERNICEDAL, )7 HIZ5
mg/m! FITCERR 7 V7 3 V2P BIBECEA
L, 3 ul/spot DHFIT1TERH 72D 2~5 AT REF L
To. WERRBEOCEME CHLEFET STERECE AL 2.
(5) TEMmEa~DEETEN

fit5 DNA » L pBI121 (GUS, NPT II, Clontech,
Palo Alto, Ca) 2w, m7 & >H, YyaNFrHy
N, ) (Liliwm longiflorum Thunb.), v X X A

melo L.cv.

Y o (Sprekelia formosissimo Herb) B L U4 > Fov=<
2% (Crinum latifolium L) DI ~DEIEZEA %3 4
7z. DNA jz 75 mM KCl, 25 mM CaCl,, 100 mg/! 13
Sl LU 10% AL 72w 50 pg/ml O IE
ETEEL., IOEEELy —F - BEERERAESRCE
PR DBEANFIS0 ul), HRIEHEWZ THoE
BBk z i, v—Y—OH1% 3 pl/spot & LT
BH L7, BEFEALER 24 BRSREL, —@882
GUSEEF ORI 2 HBILENTBT L. e
X-Gluc (5-bromo-4-chloro-3-indol- 8- 0-glucuronic
acid) % Fiv» Jefferson & D HFEVICE L TIT- I,
(6) CMV-RNAEA

Fa2vVENA 7T A4V AELEF(CMV-RNA)OHE
AFEBIC Ry N o ERER R B L 72, CMV-RNA i3
HALY A NAM S 7 2 2 — B X D L7 b 0 Bt
L, 50 ug/ml DEEIZR 5 X5 CBREVAETR (75 mM
KCl, 25 mM CaCl,, 0.4 M <= b —)L) ICIEREL, L —
PR RGRARRICOE LIz, S~6EHD S N
2 HED U 7:H 5 mm OER 2 RHRERT O CMV-
RNABRZEBEL TR ¥ 1%, 3~6 p)/spot @
AR LS E B L7z, B ES, 24
R EEE R EEMN (25°C, 1,500 lux, 12RHEE) K
Rodz. B, CMV-RNA ERINOEERS TREL 72
bOEMBELT, CNSOERBEDEEZ — v T
4w 777y hizab—AHFKREL MT-2) %2R
T30 pm BEOVIF%ERK L7z, PBS(0.01M v AR
EAEEEAK, pH7.2) Tk, FITCHEH CMV i1
ETHATGRE L -, BHECHEMETEHEL
7.
3 B R
(1) *EHHEREDZEIL

£, LV -OHNERNT 2L0ICL -V —X0D
JEREIZ 0(50 1] /spot) ~6 #(0. 8 pJ/spot) D 7 5 A %
BWALT, #/3—29 R R EZEER (B, HUS-
S EAVTEB L —R VRN 21 —F—DRIE
TRELE BERECBH IV -V —DZ AL F—
BB AN ¥ — L D REEOHBE 5 2B 38, #
ALV =V - OEEN TR, d)7 L BEBOFEE
& DO —E OB RD 5 (Fig. 1), Nd-YAG
V2B L AREERINE S, v—
Y-S EE Ul EEEEI & 3BT,
o83, xuriiifiiEe b L5 p]/spot LT A+
— VAUV TGN - BRICIZIZ & A K EEIZFED Sk
otz &z, 12 pl/spot LI ETIRAIREO WS DB L
BED LNz, EHL v X 0XEEWREE, 1.5



Fig.1 A carbon film irradiated by single shots of
the N,-laser microbeam, the power of
which was 0.8 to 50 uJ/spot. Carbon
film was made by evaporating the carbon
as a thin layer onto cover-glasses.

Scanning electron micrograph of a cul-
tured melon cell irradiated by a single
shot of the N,-laser microbeam. Arrow
indicates spot which formed after irradia-
tion. Bar represents 500 nm.

Fig. 2

~6 pJ/spot O #iFH THEFTEE Ml UN R FLOSEE R
&N, Louffspot O 2 F—1r ) TH0.5 ume
DOBRAMERETH - 12 (Fig. 2), LB, REEOEHE
DEEETIZ 1. 5~6 pJ/spot DHHE OB K D HILEE
2%, 1Rk A CHEEINIED 5 NF, MEEOBESE
ZoTnB I ERHRAIS N, %, FNTBIUAD
v OREFEOMILTE, VP — S 90% LA DM
TR ERE R S VO EEDSHE» D & i,
BB, REZED a/NF e v oNF (Lycoris  albiflora
Koidzumi) D {E¥y~ 3 pJ/spot O /I THRE L, BHH i
A THEME CEZE L L 25, 1 um fiEORILY
B ez (Fig.3). chesDFERLD, HEWHE~
DOBMNEMEL LTI L1 5~6 uJ/spot OHF L HEL TH
LEEZ NI,
(2) BRFHAEZKBLBENMA
FITCHER 7 V7 S > DR+ > A {ERRIE~ DI b
ABENT HEBEEORE LN & 25, 0% EHE
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Fig.3 Mature pollen of Lycoris albiflora irradiat-
ed by the N,-laser microbeam viewd with
a differential interference contrast micro-
scope. Note the N,-laser-induced spot

(arrow) on the surface of the pollen. Bar
represents 15 g

Fluorescence micrograph of pollen of
Impatiens balsamina incorporated with
FITC - albumin using N,-laser mi-
crobeam. Non-irradiated pollen without
fluorescence is shown by an arrow.

Fig. 4

BN (REE, #70.29 M) TOID AHRN—FE <
(Fig.4), 66.3% ¥ L7, /2, <= b —NVENRT
0.3 MAIEEDBETOR D IAARSEN -2, BB,
FITCHEREZ T V7 2 v RkRuie 109 FERE L 100 mg/! 1%
5 Be & IERPOIER \ERORETEE L, v—F
— B OTEMARFCRIZTEE LTI L I3, 2,295
D > 5 86% ODIEMBFRF L EFPEIO STz, K
FEFNNR 6B S b HESOBBEZ T b 0N
10% Hoieds, BOBHBREETH-7. ZhoDf
REY, 3u)/spot D THIBROESEEZE TS5 2
R IRBE DRV AHDEERETH B Z &, HoU
WMOADICFBEEPEELER L o> T b 2 L5
BIPIR 0Tz, B35, REETTOLV—F—HBET X
0 REEMIAD NV A TN — DD AABED Sh
7z (Fig. 5),
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Fig.5 The N,-laser-induced uptake of dye
(Evance blue) by cultured melon cells.
A; Before irradiation, B; Thirty seconds
after irradiation. Arrowheads indicate the
cells showing dye uptake.

(3) TewHmia~OBEFOEA
BETFEBI2) 0B AER L, #EEBOR
EE GUSHIEHDEREFANI- L 25, BMOEEEE
T2HD(2Y, YuaNFeF ), L—F—BEL
B X DIEESRRERT 250D (VNNARA L) BLUE
HORDLENBLHD(RTEYI)IHT eI, 20
&5 NEEGUSEBEEIZ A8/ — v EFRML 72 X-
Gluc # w3 Z L X b lH S iz, 2h e Dl
DIB, KT DHEyaNFeF o NFADEETE
Ax#EHT:, GUS BEFORIRI I Fig.6 wRd &
BHYTHY, RFEEOHEICHE GUS ERIZRFENRN
THRD SN, 2B, BAEIHH TI18.5% HR
TERE, 2,372), BET 24% (F, 706) Th- 7.

Fig.7 Fluorescence micrograph of tobacco tis-
sue which incorporated CMV-RNA using
N,-laser microbeam. Areas containing
virus antigens (arrows) show yellow green
fluorescence. The tissue was stained with
a fluorescein isothiocyanate-conjugated
antibody then incubated for 24 hr after
irradiation.

(4) EHE~OVAILREEFOEA

FoNT AR L, CMV-RNA OB A 2H 47,
FALLH 24 BB 0 HOREAMER I & 2 BB R 3 Fig.
TRRTEBVTHY, BEELBFCERBE2EOM
fa 2 oRUMECED >, CMV-RNADBEA L #
DIETEHTERR S Nz,
4. # =

BRI SRR % b DL —F— B — A 2 i e
TEE, MIEEIDECR RS SN2 ACEEER S
FTBIEBEEENS, L, HEOBZEERHA~R
7 bR, KB & % Mia O DNA BB 0 £

Lycoris albiflova.
irradiation and incubated at 37°C for 10 hr in the X-Gluc solution. A, B: Gus expression
in germinated pollen of Impatiens balsamina, Arrowheads; laser irradiated pollen
expressing GUS activity, Arrow; non treated pollen. Pollen tube formation was appar-
ently not affected by laser treatment. C: Laser irradiated (arrowhead)and no radiated
(arrow) pollen of Lycoris albiflora.

Mature pollen was cultured in a medium at 25°C for 24 hr after



TR 320 nm X Y RERBEITREZI SRV I &0,

EFELV P -HEBLImDIRTRIICE > T
DNAZEERR AN I tkRwEEZ NS, &/

LENIBHRL —V—<f 7 —LARBIEZOABH L
BE - e B LSS O B kO £EH
Lo THEL, 53 MROMIELET 2 O LE
BRAIVE—LADSVATFINF—FH 10 ] BET
HY, ThPEPTOIANVF —2HlaeAECBRELTLER

ERIFIYUTTHB L LTw5E, RAHETE, Aov
BEEMRAC IR A OSSR EEA O R DRE T
1.5~6 pJ/spot BB TH 2 Z s o7z, &
DEUETTORY 2 AT ~DORFELORIFEREZ
86% LLLET, vV —HBEIcL VEEEZUEED
NBTEHIEHL T2 1.3% Th- 7z,

Nd; YAG v —¥— % Bui-E8BTE, Bt uoy
ay MZEBBEER1IBUANCBET 2 L EbhTwy
Z7z, BESLIEHOMEEIEIE TS 25
BETRETH 2 EWRESNT LB, AERTH, £M
FaoEEBE I X 282» 5, 1.5~6 uJ/spot DEIFN
DEFNVF —BHETIIMESE I LA LBEYE5 X
TEEST 2 2L B8ErOENT. ZhO6DI LM OER
VW3R, 2SVAEBE b CEY~OEHEL
LDTHBEEZ LN,

TEYHIE~OBETFEACKE, RV OhDOFES
BHuoshTwa BN FHRicR—E—E8bH5. 72213
B2 FE IS BOMIAENTRETH 525, BEHIK
& <, FREBRIIBEE 1075~1077 TH D o TEL,
¥fz, T 7 baRLb—yagrevfrsuf Yy
a YEOWENFERE, METR e 77X MR,
LZUNERHY, BETERE LT, B2 ELEKD
HLIBEEST I B, B RS—F 4 IAF v HEICLB M
Yz v b RBEERSIEE 107°~107 Th % 39,
Hig x4 2 iad 2 A/ NRED A 2 LHE T 5 2
LIRTERV, VB TREEOHIES B ik
DYFEMNTRETH D, BRI EE-2RETTo
BETRESEN 0% LS55 B ENES LTV,

AR TOERLY —F X2 AVIARIE OBAR
BT, RV EOWEMTO GUSEREFO—IENE
BRI 18.5~24% &, /S—F 4 I AF VERIL Y
PaBL—Y 3 VERIRHARTIER CEL 2, £,
FITC{E# 7 V7 & v DB AEIX66.3% L B HET
bHote, ZOEIKE, HREBLPBARLVEP>720DI,
BETOHEGEMENCIRDAZFNRTORE L ZVLD
BhollzbrEZONS,

BEFORBRYEIZ S AL FitElT 2 7uEe—75

;_;) 1,11,12)
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— ORI L VB L Z LSS A TSP, Nishi-
hara 5L CRE T 2EETFO 0 E—5 — ik
WFEE L BFEMCHERAMEICRN D2 Z L EH L,
Zll, %7, FEESVRT yRY2ZYRRA LYY
o GUS BEFOHERIE, CaMV3sS Fue—y—%
BEL7pBI22L kD, Mo Ew o VIEMTRENICHK
HT 5 Zml3 Foe—g —%EEE L2 pZml3 O 553
KEOWERETRT L R2RE L, Liedi-T,
FTrHWE Yo —7 -3 CaMVIBSThHY, BTL
LM RBEDO 0 E—F — L 32V bR
B, L L, BRBEZENE SN0 READRNEN
EhofclzbeEZOND, Thbb, AEBRTIREZ
¥ailo COMEEIITh o728, 1LIERH I 8
BB L 772, BADREENFE -2 DEEZS
na, %f, AR TCE—EBEOBEFER LR T
B, BAIKEBRETH—HEELTY, BNIHE
RAFENZ S ISHRASZEHERREDET ) bickbh
ZZEDBHLENTWE ™Y, LiedS-> T, EELZMIED
BEHEBERETT2bDEEZORE, V=Y —IZ&
> TBA S NI:BETORBRREIMSEETORE
BET DI EBMENTWEY, SHIMESEETOR
HREES7O® -y —OBES LS T2 2 &
LY, SLCBETFEAOHEEL LTSI LKL L
Ezohb, £, EEBOBGEFEALIRETDH S
Zrms, MiEREo 58k EAERBRNE, B
V—F—v rnt—2sERAWBETRBAZTSER
HOHEHHEEZLTH.
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Summary

Direct Gene Introduction into Plant Cells Using an N,-Laser Microbeam

Takeshi OsAkI*, Masaoki SHIMIZU*, Takumi WAKIZUKA** and Toshihiko YAMAGUCHI*

* College of Agriculture, University of Osaka Prefecture, Sakai, Osaka 593, Japan

** (Osaka Prefectural Education Centre, Karita, Sumiyoshi, Osaka 558, Japan

An N,-laser with a 337.1 nm wavelength and 3 ns pulse width burned a localized hole ca. 0.5 ym in

diameter on the cell wall and cell membrane of cultured cells of melon under selected irradiation

conditions (1. 5-6 yJ/spot).

No visible damage due to the irradiation was detected under these conditions.

Efficiency of gene delivery into plant cells was then tested using this laser treatment. Mature pollen of

Impatiens balsamina, I. walleviana and Lycoris albiflora was irradiated with a laser at 3 xJ/spot in medium

containing 0. 3 M mannitol and plasmid PBI221 harboring S-glucuronidase.

The maximum frequency of

transient gene expression was 249 in these treatments. When the melon cotyledons were treated with a

laser in the presence of cucumber mosaic virus-RNA, virus multiplication was observed in the epidermal

and around the cells 24 hr after irradiation. These results suggest that the present laser method is useful

for the transformation of plant cells.



