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Magnetic particle-mediated gene transfer and magnetic selection of cells
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—75, 1987 4ELIEZ Klein et al. (1987), Christou et al

(1988)IZ & W AfGiE - O—IRHFBIRT LN b T Ay
== JHOVERIEE LTR—T 4 VT (ki T40)
B Sz, ZOFETL, Hlxidei OBk (=
Araralcy HAN) EHRE U GlG -2 RAEEE L
WAL (vruFuy =g HA V) O S EE G
HIUHETHD, TOTEORHIE, HREREZ e
faofEP A RO T I I OB FAEATEH LT
&5, Kakuta etal (1986) 13, MR- LRSS T/ -
~A 7 YA AOWHRITIRESR, PR LB T2 L
DREF-ZRIF OB EEPAH A/ ERICOWTIHRE LTz, £
O, Iiif-% DNA Ot 4 /L Z R RNA Bk
1S AU E OMRBEA AL LTHWD Z LN TES
T &, X DITHHESRI A O BIE TREA L BRI
BRSFIRE/R Z & As L. (Kakuta et al.,1992, 1993,
1997),

DX D I OO ETFENRY, 577 LA
T AR E T R E A ZEMET D5 LN TEHOTY
1 7T A N OVERS R AR C & o TR FIEEE
Z B#1, Morikawa et al. (1989) <°Hiruki etal (1993) @
WENM TNz, —J7, BRI 2 BT 57201203,
PERTIL, T TE NI AN A 153 2 JEAE e
BYETH o7, LnL7ends Hess (1987) 1I2L- T, &ix
TEAZEESLT 5720 T, 7 LIS R R
R 2 FH T & DT R FEORB SRR ST, £
DIDIIN=T 4 INH AEERANTEZ N3 (Twell et al,
1989), U =° k71 = 3ANishimura et al, 1993) DG}
ERIGE LTS B OB BN, ZDth, Horkkawa
etal (1997) 1%, BEEAAT HBEIKL T (=712 A 1)
ZHAWT e 2 AR~ ORI RN, kL
AR ZEREZ SED Z LIk~ T, BV WER OIS
K%155 Z LT L,

BOIZ720, F 7« <A 2 eI HERATRO G
FARAHER L, TR T-%2 WA T ORITEETR L O
DN A D7 EAEANTIFFR S NERMEDEA TN D, —
5, MR THRAC KX BB ARG OWTIE, 2ok
&R DR OBR L BEROUGE BT D WA,
F T CAMIGE, B RS AR/ FHRIEICIWT,
PSR T-R0% DAL 172 &% Ve & & OBE 15
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1. fEbiet

WL R H—IHARIBE T OR HIAT & ATl 2
T8I, FEDHE TR L-H5384 A B O & 3= (Nicotiana
rustica) M (BY-2) Ao, 1ERRRERE, F0HEk
N GRENTEB Y2 hvEray (Zeamays L)
BIOT AT H A (Asparagus officinalis L.) ek ZEIR L
THW=, hoEr A8 = B 30g1 O MS Bz,
T AT I AN T 2 5 300g/ (ZHfEL L H3sBOs200mg/l
Tt MS B (Murashige ef al, 1962) (B SE-, =
MHOIENEES K2 10YmlEE DR FIREE 72 2 X O W ZHH
L, ZOmErEZ2lE LY 7 42— 046 um F4%)
VTR, 1%DFETIEH FIZER U Ok THRIc L D8
BiABEAT o T2, FE TRk J71E CRGERTO I AT v

(Cucurbita pepoL.) 1EKY% FAV ki 78R K A BIALE
17272
2. MREFAIsH

R, WL CER S TIRO ST (B 1 um),
FRALERRL - (v 7R 2 A b, E£03um &£ 06um; 7=
FA b, EA03um), FMRIT (EfR 1.2um), =viL
Pkt~ (BAS 1 um) 38 XOMREZE FOH A PARIE CAR S
IVI=BRROBREEMRT T (BRT /i1, 8 0.03 X F% 0.5 1 m)
RERR, Fio, kI (EA09um) ZEWEDY
— PRI LT, &R7 A axy RO MY 7 gk (Fe

(04CHo) 5) %42 % ) —/U7T & b=k U VKIS OR
MRS L, L3Rk A Lk CHiaE U4 - G I0kL
F (EE1pm) bV
3. PHRITAPS Lk TR S H LEE ORI

TR ORI, o2 ST A AN L 7ok
HARBL, L— YR o millEREE SALD - 300V

(EEETD Z2HOWTHE L, E7, Bk (/L
1) 1L, FWRE TS JEM2000EX (HAE 1) ZH0
TEPEEHEIER L BRI L 0 PR A E Uiz, 72,
—HROBL AR T BB JSM-T220 (HAFET) (2
R OBRRLF-OIERRE SEBEG I LT, MR8 D
BTG H S DML F-OMEEY, PCS K 73HAI A7 A (H
Rl—H—) ZHNKGE T CHHEIL,
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4. TFFAIR

MAYH7T7AI FDNA T, CAMV35S 7'mE—4—
& NOS #—3Ix—4—%f35B - VNV n=F—Elx
FHRAAAENT- GUS (pBI221), BEIOAFT 7 F 7 Hk
DRKEHDER RS FAAHA E 4172 sGFPS65T (pPARK22)
W, FTo, WEEMAEBL5AIT bar @S5
e pARK22 % fiv iz,

5. PRRITHERE L MR T OB BIAS.

Pl TSR IR A IS TR LI AT L AR 2R 5T,
AT VAR Y o2 — (e, P Bmm X AME 15mm X
FEER X 250mm) & P IZHEAEH S —U R — 2B LT
B0 1, el BT B A 7 — 230 £+
FTHIEED S DA, BIST LR DIRAIREIR
AR a—T ¢ 7 LR ) T — VLY, R &
10~30kg/em? | ZHi SV 2R A A L W B S, EBRGTR
ZAIREBIRA 2 2 LT kY, HEREHC T T 2 Eh
%, TeXSHHALOPERA BT 5726, 2¥aNIE 1.3 - 13Kpa (10
~100mmHg) (TEZeR AL VESNS, #EETD
PR ISRE SO A b 3=D35 2.5~10em FHEL L, EUE
ROPBOMEIRIZ & 0 2 DR A2 2 TR HIAL A FM LT,
R T AR SR 7L, — SRV T 3 [EIR L F
Nz, ZOMKFEEEASB L, F—0-HEDEHS %{H A
7V = TN TR R SRR, oM - TR
DT 7 ) N VR T HEE S RE L CIBRICA 2,

MR T~D7Z7 23 K DNA OEE (a—7 1 27) 1%,
PNVT 7 AT —TCHRAIS, BERAERN L COHS
Wi F DT 5 ) —/VgRER Bwt%) & 77 23 FDNA
ate) UEERER A SR (& 10u]) BAIL, F02ul &
MLy (BAE 2mm) (2 F L AREGZT 5 Z LIk
ATz, BT DEECRIEIERIC LY EET D577 A
3 FDNA B3Zb &7, 1 g ORI F-8>7= ¥ %9 1~10ng
BEESND L OITTHR U, B L 2B BIART,
DNA % [EEHR 8 NI T Tz, —H0FBRIL,
DI CYERIrg 2 S AR ar 8520 2 v Ve,

6. RIAEK

TP T AL D H /S RO R T,
felE % 1.5ml O~A 7 aFa—B L, TilROEREA
A 7 aFa—7 RIS E S, BEEICEE LT 7R
VI A BEERE L CTIT o7, BRI i RE, 7
O T AT L, * AT MEA (B 14m
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mXJEX 5mm) Y7 UEINEOHEICEE L, JEmIC
ThRE LT BRI C & 2w a2 Paasr k3 2 &
IZ& 0177,
7. ABRKEFH GUS f@hTds L O GFP f#ht

B IAT LG R ORI L 18D GUS 5T
D—IBHPEERETIE, Jefferson (1987) 31U Kosugi et al

(1990) DHEESHEIZL UToTe, H3TEEMIE, ~
R U MO AHE ETEREL, k-4 3 [EEEHIALMUER 24
~48 R L, 20% A% ) —VEETe X-Glue 1mM) -
U L EEEERR (50mM, pH7.0) ZWINL, S7TCERMEHT
Wt P F 2= R LT T0%A S )V EINZ UG E L
BICHABEMEE ORI L, HOAR Y FEREBL O Sl
B~~~ TF P A—FICEVEE LI, FUER AT
DNWTHIFEROFIETY =8 B0g), T AT HATGIZD
WL s (100g1) & HsBOs (200mgll), HRTFvIEk
WZOUWTIEY 285 (100g) %S e SRR EER LB AAT
# (Broglia et al, 1994) MM T L7 & 5 sl 2B iRy,
GUS i %A 1o 7=, GFP = AN RT v IE ORI,
BLIALGS 4 WHTRERERGE LB T2 A T4 7T AT
B, SOLIMEE BX60 (FV L SR) Ik uBiEEL, s
GFP (S65T) 1%, R FHARSE) O Tk vz
HETE = b DZAFH L T2,
8.  barBIETFEBLIAAR b UEw oL REIERO

bar BIL 2 AEEIE UTREER (w724 F, 0.6
um) %, 30kg/cm’ DABHE TR iAW T huEr =y
FEMENTERL Z A7, #9 1. 1X 10 OfERERT &I L 0
B L, 1ml OMSEHUIRE LTz, 0%, F4E 3 BLOM
ARICERy MERAWTER A T o7, tfite LT DNA 2457
L22\ MR (2 1 D B A R AT o A K 5%
¥y 5kt L=,
9.  MUER I HEERMADIER & DNA T

THHBICREE L by a BT AEIL L, HitEai
Ty MTHBREL, %6344 5 A HIZ 30ppm O bialaphos %
L7, R, 7 BIRBIERA L, SEOTARES
W& D BREHIIMEE & OB OB A AT o7, BREFIC L 23k
P#ATS TR 75 DNA 2l L, PCR AT 2177

EBHERB LU EE

1. BRI LSBT OEA L —BRIFEE
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TRRE TR L DR TEEHIAANT, HOHERIC S Do D
IABDOT B AL TND, GHROZEDYIZTT AT v
78 (R 722 —UlRR L) ORUL (B SmmX & &
10mm) Zf o, €Oy (B4 2mm) (Z(ZDNA %2
WEREE LI T3 a—TF 1 7S T\WD, ZOT TR
Fo 7 SRS, AR (9 0.2 BHD @RI &
D G SID EREERE N AC L, IREZATBESN-T 2
U VRSO R O R~ S D, %8
W%, BAUTBRE SR DA by =TI SR, SR
Sy DOBRRIT AN CRABH IR D Z 5, oD 713

WorilebEz B L, DNA 2l e LOBER D ~EAT 5,

Z O VRO T E O—151% Fig, 11 TR,

DNA DA - ORI KT T 5 L B2
b, *Z COERNADES], QHEDRES2EDYIT)
AL, PR ORoBIES A k72, PCSHLT-
SR 27 2 (Fig2) ZV, M#T71% 30kglem? & L,
RS % 20cm, 25cm, 30cm & —BHHIZNLSWTZROD
SRR T A 3 RIFHN L2 O Aok T, EORE
R, TN 213mis, 303m/s, 255mis 7Y, iR
&1 25em DMEGE T D Z EAVRERN, LigZ DR &% 25cm
VZEE U CHEBRAT o7, FBREOER TIHEEZE FTHHIA
FNDD, FHIEEEOREPRIE EOfIA S FHIITREE
TCHEME SNz, AFERERIVTT LI, FERICHRI T8t
OGS NTARRIT-Z2 D b OO A FHI L=l 35h &L
70, BIERRE OB TR TSR ST D Z &3
THEBITHGE SN, KIS, BRI AET )% 20kg/em?, 25
kg/em?, 30 kg/em?2 D=EFE I LS, ZOHEEAFHII L7z,
FORER, FHEITEE 194m/s, 237Tm/s, 280m/s 720,
NI )13 80kg/em? 23l T D Z & AVRENIZ, b0
FERDD, PRITERIC K 2B HIAL DB 7 IS L,
RS 25em, N AES] 30kglem? MY Th D Z &M
RERN, PERIFRIFNC Z O TBRLIALE T T, 78355,
BLIAHORAZTL, WEHA AL L DREIOHIERER RO
BOBRLH Y, BHALGKEGEREIOMEIRIC L > TE, Ik
JE 1T L IR AT o T,

WRIZ, —IBAZREILFOBASEBUTINT, BH 2ok
T-OOFEEH & 7R N K DR T DU TR L7, fidhr
FATITEIRL T, WA AT DI BRI T (7 7R A T,
T4 8, SRROSEBIRI T3 XL UM - B BB AL -
72E (Fig.3) ZMVz, /IR s vy, AR b

N e

Tl L7z 22N el (CREsIRTRSR) 2em2, Mtk 2
X 10%cells) 1, ZHHOMRIT-4 3 BIRHIAZ, FHEIZE
U7 EREH AR C L 0 H L2 0BG 2k, —if
HREBUIHRIZ OV O LTz, RS E LC, GUS a1
Zea—7 4 2T LIRRE - DR DA T B[R] CAA:
TBROIALIIRE TN LTz, TORER, B4 Vi
O GUS T Ot FEERIERIIR) 2.3 X102, Iefbiiohis
F (FTREAR, 72TFA4B) 1 1~1.2X102, #HRO$k
ABIRE 13 5X 103, 4 - BRIEATIRI 13 1.6 X 102 Th o7,
FIENOWRL PRI, BRI 723 19.1, SHROSk
PRI TAY 8, BB - (7% & A b, 7254 ) N
5~5.2, 4B - BREATRL 703 14 T2 (CEMREAE LTz &
SOHEFEN THY, MODHRFMEOBENRREVNEE
FEBRAENZ EBH BN el — Y, BB
FNDHIRRL - Ol LT~ TS L OVR— AR A RE
L7z & E DM FEEORIRATS D L &2 bId, 16T,
77 AN DNA ZHHRFS OIS, mEEOEAER)
PELNEEZ OND, BEOROEBMENIILS v AT
SRR EN DD, TIOITAEMENME A PRE T 5 FTREMEDS
ENEEZ HID,

Fig.1. The particle gun device for the delivery into plamt cells of

plasmid DNA coated on particles driven by gas pressure

Fig.2. The PCS particle analyzer system used to measure the

velocity for bombarded particles.
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Fig.3. Photographs (TEM) of magnetite particles (), iron ultra-fine partcles (b)
and photographs (SEM) of gold particles ©, and iron-oxide coated gold

particles (d). All the calibration line is equal to 1 e m.

SbIL, BIETFENIREUET D L2ANE L, Bin
AN LTl 22 BERE I - Z0BiES 2 Z & AVATRE
72, BRI & DRI OV TR LT, LR DSt
BIABEATo (o2 8 Al %, ~A 7 nFa—7 1B L
AR TG LT R D BRI & 3R ATV (Figd),
Z ORBREECE [FIRR CE R L CRE IR OBl sk 72,
TORER, BBIRIT (w7 REA N, 7=TA4 1) 115
~6X10-2, SHROBIMHI T 1X102, 4 - BEEHL -
13X 6X 102 & 7po 7, SRR RIS ATRE TH V) 2
FIIEDBIRIT, TD XD T VERR IR 5
T, BRIRDFREMIL 3K 2 A2, 4 - ESHRI 3K 4
fh&iaole, ZOL D IUTIOBMEMRLIF-OEE b, AT
BAFEBRIPRORE TpdE R vR ST, BHROSEHL
TAL, B < HHE Lo\ 3B B, ZOEHIZ LY,
DNA ORI 7 A5 [ O3 70 H LT RBE COBEBIA
FHHEL L, MOWEHIRL T & B GRS TR
CLOVRESITL, AFRERCIE, R B A Ry
OBIR I M bREUEIRIC K DR - T,
AR OL BT EN N L TRISNDA, LT L
YA RESE ORI 72T TR S LTV RN E B B, &
FEDEN WS VKL - OB 28 B RTHEDUGEPLETH Y,
LBOBELEEZ BD,

2. ER~DBRETFEAL ., BIEFEAMEBOZINC L 57
ERR DV
TR 2 DNA AL LTHIVY, boErad (Zea
mays L.), TAXT I A (Asparagus officinalisL.) :JL O
HRF ¥ (Cucurbita pepoL.) TEMNELIALESFoT- & &
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®, GUS #EETBL s GFP #is 1-O— @3S A i L
7=, Fig5 |2, TEMOREIING & AR O GUS Mz
TR LT bt a oA o—FlER~d,
TEBZ A=, Sk X % GUS & F-F8RzERIT 5.1
X103 Th o7z, FIUTKH U (w7 %21 K, B
PEO.6um) AFRHY, BEEKATC 8.6 X 10%, /i
Pl 3 2.1X102 Th D FEBVIFRAKI 25 (EHIIN L 7=, IRF
Y ACRNEERL - (BRI, B 1.2 0 m) 2T GUS
R T OFTHIAREAT TR, T OB 13k
T6.0X 10, /#1413 2.3 X 102 TH Y RS, 2000)
Z OYEOFEEINERI TR 88 (FHEIN Lz, T BRET18ekizD
1S, FEREEOMRT -4 AV == U fEk 0.16% (Nishimura
et al, 1993) 0% /X 24EH 0.03%35 LT 0.12% (Twell et al,
1989) & Lled % LIERICRE L, RETPBKOBEE RN
Robh, ¥z, sGFP#EFOEAFIRTIE, TANT
T ASCRI DB T HEIRIT 1.2X 105 TH Y | A5
ERIIERIMED o T, ZIUTTNCT AT T ALCK DT
ML D bDTHD EEX O, BIETHIGEEE M
TN, SEEEAMECT L7R\ EERE A SE MRBDTE %
WOREN DD EEZBND, FIL (2006) 13, & VIEKFE
AR MER IR DR SORE SR RIRF R O AEHE &
BIROUGER L 5T, Bin 7 HBEERORIE A Ik
YLz, b UEwaAfekys iz GFP #in 18 A IR
RO, BRI 18 41 3.6% S, FI- IR
(BB EDRIG & 72 DB ORI OB DI %
FEEL LR OBn P BRERIE 30.2% Th -7, ZHuUd,
Horikawa & (1997) O#E LIS T 2 &, K914 52
FEVIHENPRE {SESH TN D,

[Ny o= =%

Fig.4. Selection by magnet for tobacco culture cells after bombardment

(left) and photograph of the GUS expressing cells (right).
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Fig.5. Selection by magnet for pollen grains of Zea mays L. after
bombardment (left), and photograph of the GUS expressing

pollen (right).

Tablel. Frequency of transformants through pollination with transformed pollen
of maize (Zea mays L.) and pumpkin (Cucurubita pepo L.)

Pollen . No. of seedlings carrying bar gene/ .
- Daticl ) Efficiency
Species Stage No. of seedlings tested
Zmays” Mature  Magnefite (0.6um) 3/570 53%10°
Cpepo”  Immatwre  Tron(1.2pm) 81345 23%107
Zmays” Mature ~ Nickel(Iym) 3612454 75%10°

Horikawa Y., et al. (1997), " Yokoyagaito A. (2000), © Aoyama F. (2006)

A HEAIER % TV 7 7ok X A R A R &
B 27207 Horikawa et al. (1997) 13, BREHHERGIME bani
a4 b UE R 3 UM B HIAGIRI T 8k A1 T
W, FRICSRICHE AT LT, FREAREIC LY 570
TERDYIE S 14 AL L, £ 50 DNA filitto
PCR 53 aATo7A4ER, 3RS bar A DIFHENHER S
iz, ZOBEOMIAZ M EHEIRIT 0.63% Th Tz, [Flkk
ZOFIECHIL (2006) 1, N UER I AERNC s GFP (S65T)
T EBLIAR, FEFREN DB D IE FEMNEN R &
T 120 EHADRAHAZ (K 2457, PCR OHTORER, 9 8K
OB NBEF O MER ST, T O8E DA A E
HEERIZ 7.5%& 700, LRtois & 0 14 f5oReem L3
A&z (Table 1), Z DX I THEIBENIEHOSEINT
L DA EH PR D RIRRYGEN FHL L= D13, R
IN=T 4 INVI AEEERNZY, BRTEEAT D8RO
WERT 02 ADBEAZ LD HDEBZ HID,

ST, BIG T O L 72 DR PRI S B bR,
TDOERIEDUERT KL DE LA ENFREE B 2
Hia, Fiz, AWFRIEIR & U CHSERE O MERE
WD T &R0, B BRI DU R EDPWEE T D, IV F
K, WS BT Z AN 2k B AR R
L. ERETE L TERSID Z eSS,

W e

AIRE © JOEE, BRI, (W) AtmEReer
e BRI > 7 =B X O (W) AAMGEE AR TR
7R EONIEIRIC & VT, Fiz, BT, BRr-05t
TR A ZHEHTE oA AT 2 L E TS

51 A x &

FHLSCIR. 2006, BT EAEHOZIN L OMRZ FVEH
AT OFE, REREERTAE
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ABSTRACT

The delivery of foreign genes to the tobacco culture cells and the
pollen of maize, asparagus and pumpkin were achieved using the
particle gun device, and the magnetic selection of culture cells and the
pollen bombarded with magnetic particles was carried out.. The
particle gun improved by Kakuta et al. and either magnetite particles,
iron particles, nickel or iron oxide coated gold particles and gold
particles were used. Plasmid pBI221 containing the GUS-gene under
the control of the CaMV 35S promoter and NOS polyadenylation
signal and sGFP(S65T) plasmid were used to investigate transient
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gene expression in maize, asparagus and pumpkin pollen. Initially the
bombardment with magnetite resulted in a low frequency of gene
expression. However, magnetic separation and concentration of the
bombarded pollen increased the frequency compared with that
obtained using gold particles. The efficiency of GUS-expression were
2.1X107 in maize pollen and 2.3 X 107 in pumpkin pollen much
greater (25 times fold in maize, and 38 times fold in pumpkin) than
for nonmagnetic gold particles. Following the delivery of the sGFP
(S65T) in asparagus, the efficiency of sSGFP expression was poor after
magnetic separation. From these results, plasmid pARK22 encoding
the bar gene resistance to the herbicide biaraphos was bombarded
into mature pollen of maize and pumpkin. The pollen introduced bar
gene were selected magnetically, and then they were pollinated
artificially. The frequency of transgenic seeds produced in maize was
53X10° t07.5X10?, and 2.3 X 107 in pumpkin. Thus the particle
gun process using magnetic particles and magnetic selection are
useful for pollen-mediated transformation and production of

transgenic seeds through pollination.
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pollen, transformation





