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Introduction

Lise ol the Biclistic technology (pamicle bembardment) hes
receritly evalved 1o become an efficient wol lor gene transBer
into aowide variety of organisms (Klein, f al., 19923, The
Biolisw: process was first described by Ssmfiord and co-workers
in 1987 Evolution of the Blolistic wechnology began with the
sunpowder-driven -:=l|"|--:'|'|.||1|h|,"._'|:l gevioe |r|q;||u 1). This
instrument lires o 0.22 caliber canridge that propels a large
plastic projeciile kaded with millions of micn -r_:;_.,x_:m_ LUmESLEn
particles coated with biokogical molecules (usually DNA)Y on s
iromt surtace. Bombardment oceurs in one chamber and the
second chamber is the surge 1ank which functions 1o shsarl
the shock wave and gases of the gunpowder explosion. A small Fig. 2 PD5-1000 device.
ageriure in the stopping plate retams the plastic macrocarrier

and permuls the DMA-comed tungsten microcariers o accel driven. but does hot fequine a separmie suree tank (Fleure 23
| 5 -- T ot e - i - - 3 % . = 1 3 =
erale toward the |~if;-!":“_“'|'=_ Alter this apparatus was devel I'he most recent modilication o the Biolistie wechnology i the
oped and found capable of delivering DNA tnto cells, John helimm-powersd accelenwlion systern (Sanford, of al., 1991
Sanford and collaboransrs worker |'.-."II DuPont 1o introdice The newest version of the !;I-.-I|I.-i|. instrument. ths FDS

the PDE-1000 wniv im 1989, This unit is also gunpowder L0 He (Fioure 31, wses o

elivm shoeck wave to propel a plas-
Le macrocarrier disk carrying DNA-coaued microcarriers
toward the target cells. A stopplng screen relains the plasti
disk, while .||.||'.'-.|':_.: the DMA-coated microprojectiles {elther
ungsten o potcd) 0o pass through and wansform the trg celks
The PDS-1000 gunpowder unit can easily be convened e the
new helium system, the PDS-1000/He, by exchanging a few
srmall components

[he perlormance characteristics of thes: three Biolistic insim-
et designs, the dual-chambered unit, the POS-1000, and the
FDOS-1000vHe, wete .._-||'|-|'u-.._--,| Lz Lransienl cxprossion of a
chimeric GLS gene delbered to di || erent types of maize cells
et tissue culoune (stable cransformation was mol optimized in
these studies). Shot patterns were also determined for both the
gpunpowder and helium devices using blotinylaed DNA pr
cipitated onto microcarriers, These PALICmS Were .;n-1-||1-;|r._-._| L
the distribution of GUS foci developed in din 1w determine 1h
et efhicient delis £ SySLem o pani bz bormbardment of ar-
wet cells and tissues

Fig. 1. Dual chamber device,



Fig. 3. PD5- 1000/ He device.

Methods

Bombardment Conditions

Tungsten particles (MIT, =1.1 p) were used as microcarriers
lor both the dual-chamber and PDS- OO gunpowder-driven
units, Tungsien was coated with DNA according to the pro-
codure of Klein of al. (1988a), Each .e.l.||||:||'.'.'|_|-.'r drirver bem
bardment used 250 pg tungsien and 0.3 pg DA, Gold
AT les (1.6 Al were used ag microcarriers [or the
POE-1000He vnit and ceated with DNA according 1o the
FrE- 1000vHe instruction manual (CuPontPio-Rad), Each
helium-driven bombardment wsed 300 pg of gold and 0.83 pg
LA |.'|r'_!'|-.'l cells and rissues were held under vacuum for
hombardment at 27 inches of mercury (infHa) and positioned
G cm below the siopping platefseresen unless arherwise indi-
catedl, Helium rupture disks used are equivalent to 1,550 psi
rupiure disks and stopping screen mesh size was #24
(12 openingafom) unles otherwise indicated, Both are com-
mercially available from Blo-Rad Laboragories. The #10 mesh
sereens (4 openingsfom) and £16 mesh screens (6 open-
-|1gi."-.m'- wiere obtamed from Small Pars, ae, GLS BRI
sion assays were performed as described by Jefferson (19873

Immature Embryo Targeting

fremnanure embevos of greenbouse-grown mize were dissectad
fram ears approximately 10 days after pollination. Explams
were placed on a Petn dish (100 x 15 mm) comalning suan-
dard semil-2olid medivm and clited imad4 x4 cm tArget anea on
an B x 8 cm grid with each embryo on 0.5 mm centers,
Approximarely 2 days afier bombardrment, individual embryos
were placed in 500 pl of GUS hisrochemical reagent in k-
well plares. Blue spots were counted on each embryo alter incu-
hation for 3 days or bess

Suspension Culture Targeting

Bdalze suspension culire cells {100 - 200 me) were |'_||;|.'_|_'|_'| onio
Durapore filters and placed on a Petri dish (100 x 15 mm) con-
taining standard semi-solbd medium. Cells were harvested [rom
the filters approoamately 2 days after bombardment and incu-
hated im GUS histochemical reagenl [ox !Hi.L'I:fh or kess. The large
number of GUS spots obtained with the PDS-1000/He required
that most -;'!-.||r:| IIETILS 2 ||1|::-|-.:-:.' & '\-.II:':--MII'.I"!.ILI'IJ_'\. |n-::'||'|:."l.| al
counting, bazed on oell spreads on grid plaes.

Estimates of Variation and Statistical Analysis

The cata presented comparng the different deviees were col-
lated [rom different experiments all using the same chimeric
OIS gene {355 promoecer with Adh dnaron #10, For these data
rveans and wandard deviations are :_'.-II"jI'I'III:‘n,' F:-.'|1|_' HImenis
examining different parameters for the PDS-1000/He were ana-
lyzed by AMOVA on ranked data and are presented using
Cuncan's Multiple Range Test {means followed by the same
lezter are ot signilicantly dilferent)

Preparations and Detection of Biotinylated DNA

Salmon sperm DA (Sigmalk was labeled with Botin using the
IrmumoPure Phorcsctivaable Biotin (Beree) [ollowd ME proce-
dures aescribed by the manufacurer. The level of labeling was
.||:E:-|:l:-.|r|1:|lu'|':.' e Béotinn malecule per 10012 200 nurcleniide
eSS,

For the PD5-1000 bombardmenis, 5 ug biotin-labebed DA
were precipitaied onto tungsten partcles according 1o Klein
ctal. {1988a). For the PRE-1000/He, 3 pg of Llabeled DA was
precipilated onto gold particles according ko the PDE-1000/He
instruction manual (DuPonyPBio-Rad), Ome shad per membrang
was used in all cases

Each hombarded M-Hybond membrane (Amersham) was
ireated by wetting sucoessively for 43 seconds each with 1.5 b
Macl, 0.3 M MNaOH, 1 M Tris-HCI [pH 80], 1.5 M NacCl, and
20x 550, The processed membrane was irradiated with
2,000 pl ol shor-wave LIV in a Srracagene Siraalinker™ cham
her. The locations of the DA contaiming partickes were visu-
alized wsing the BluGEME® nonradioactive nucleic acid
detection syatem froan Life Techmologics, Inc., folloeing the
recommended procedurcs.

Fig. 4. Immature embryos bombarded with the dual-chamber
device. Motice the variation in GUS spots between embryos and
Lhe damage caused by bombardment.



Results and Discussion

An example of bombarded immature embryos is shown in
Figure 4, ITmmature embryo targeting indicated that each
Baolwsie device had dillerenn panterms of delivering “bialogical
v-eliective” particles, The pattem lor the dual-chamber device
was sirvdlar in size and shape w that observed by Elein ef al
[1988b) using GUS delivered to tobacco suspension cells

¢ 51, The PD5S 1000 produced (the vighie=st patern

=

(Figure 6} , whereas the dusl-chamber devies was imermediae
I'he felivm device was highly ellective throwghout the entine

16 con? rarget area (Figure 7). The density ol the pattemn
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Fig, 3. Typigal shol pattern for immabure embnos using the
dual-chambar device, X = embryd in this position damaged.
Empty box indicates embrye absent from target {lost in the
bambardmant processl.
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Fig. &. Typical shot patlern for immature embryos using the
POS-T00D.
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Fig. #. Typical shot pattern for immature embryos using the
POE-1000/He, Emply Box indicates embrys absent from target
[lost in the Bormbardmant process).

was ascenained by averaging both the number of spois per ar
et area | Tabkle 1A) andd the GLS spols per |"11|1"!.'|1 L Table 161
Amin, the helivm device produced the st derse respotise
[or both the number of spots per target aren and spots per
responding embeyo, with the PDS-1000 unly the lexsz dense
and the dual-chamber instrument inermediate

Table 1. GUS spot counts on bombarded immature
embryos using the three Biolistic devices

Dual-Chamber
A, ——— GUS Spots per Target
1.117 263 1. 858

POS-1000 PD5-1060/He

726 274 1,537
543 133 1,574
meantag= 7251293 200£ 38  1,656=176

B. ———— QU5 Spots per Responding Embrya

207 15.2 295

19.1 12.5 s B

13.9 128 a4
17.94 3.6 128+0.4 264127

meant o=

Table 2, The effect of single and multiple bombard-
ments per target on transient GUS spot counts using
suspension culture cells for the three Biolistic devices

Dual-Chamber  PDS-1000 POS-1000He
| shat: 197 + 293 3£ A1 1,333 £ 562

2 shaot: 180 + A2 248 + 51 1,892 + 359

3 shot; 249 + 71 130+ 33 not done




Lizing suspension culoure cells, the number of shots delivered
[rer Large! Tl litrle eflect rq;_ulrrl'lvl_-_r.!»: ol the device usad (Takle 21
Vanation was high, which contribuced to the inability vo distin-
pulsh rreatments. This resalt differs from that of Klein er af
(1988a), who showed with the CAT gene that increasing the
number of bombardments increased transient expression in
BMS suspension cells

To [urther evaluate the dilferences beraeen the POS- 1000
wsing either punpowarder or helium, a study of particle disr-
butlon was conducted, Biotin-kabeled DNA was precipitated
onto either ungsten {PDS-1000) or gold (PDS-1000vHe) par
tickes and delivered onto membranes. The gunpowdenfung-
sren combinadon clearly exhibived darmaged filiers in the cemer
ol the shot patlern I,I'igl,ln- BAY, This combimation alss Prio-
duced an intense density of particles in the center. The hell-
wrrpaled combination did no |1|.'\-::-|:||'.-:'F shzervable membrane
damage (Figure BB). Compared to the punpowderfiungsen
patterns, the hellumdgold method distribaned panicles more
evenly over o broader area with a less intense center. Shot-to-
shor variaton wias rotEhle [or hoth devices

Cinped ar/ Tungaien

Hebum Geld

Fig. 8. Particle distribution as revealed by blotin-lzbeled DMA
lor thee POS-1000 (A) and PDS=T000/He (B). Membranes were
G em from the stopping assemibly.

Fig. 9. Particle distribution with the PDS-1000/He at three dis-
tances (6, ®, and 12 cm) from the stopping screen, shot at
1.550 psi. Lefl column = & cm, middie = % om, right = 12 cm.

The pamern of particle distriburion with the PDE-] 000 He
changed with the distance between the stopping assembly w
the EaATgel membirne I'.|-:'|'H:|.¢:ng-:'|i~=lr|nn:_1==. 1ig,n||'il.':|r.||:|' ':'|'Il'l.'-.llﬂ|
ot the area of greatest pamicle densicy (Figure 90, A subse-
fuen experiment uing maize suspension culture cells ps a tar-
get and i sifu developrment of GLS rranskent expresshon was
conducted o evaluate the distibution of “Biolegically-effec-
tive” particles. At a distance of 12 em it was observed that blue
GLs Spols :lr:-]h':'ln'\-ﬂ it a “hale” and hence did ot follow the
pattern ohserved for particle distrbution (Figure 10; close-up,
Figure 11). A similar halo effect was observed using a bt
pressure of 1,100 psi and also observed with both gunpoweder
and hellum units. Thes area of “heological elfectivensss" was
probably cells that wene penetrated by particles and surdved
long enough to rransiengly CHIERR the CLI% reporier gene,

Fig, 10, Ristribution al GLUS spats soross o 6 em diameter tanget
of suspension culture cells, Delivery conditions were 1,550 psi
urst pressure at a distance of 12 em fram the stopping soreen.




FI5||I. 11. Sama as Figure 10, Close-up of GUS spots an target
el

It showld be noted that similar balo efects were nol ohserved
with the immature embryo experimenis used o determine war-
get area and saturation {data not shown), This sugpests that
different rissues will exhibit different target characterisrics when
transformed with the Biolistic device.

Burar pressure of the FDS-1000Me did not seem 1o affect lev-
els of transient expression in plated suspension cells (Tahle 31,
not did the mesh of the stopping screen (Table 4). 1o would
appear that the use of the helium device at any pressure resulls
in mazimum levels of transient expression in maize suspen-
sion culture cells,

Considering the variability of target pattern and intensity,
[urare comparizons of the vartous Biolistc devices should
include target size of the experimental material. Clearly, one of
the advantages of the helium device is irs ability o sanurme a
larger area than its predecessors,

Table 3. Effect of PDS-1000/He burst pressure on the

level of transient expression in plated suspension
culture cells

Helium Mumber of GUS Spots
Pressure {psi)
Exp. 1 Exp. 2
BOO 678 n.d.
1,000 1,556 2, 284
1,200 1,002 ..
1,400 1,628 2,434
1,800 nd, 2,449
2,200 n.d, 2,426
(M5)

n.d, = Mot Done
(M5} = Mok a statistically significant difference

Table 4. Effect of PD5-1000/He stopping screen mesh
on level of transient expression in plated suspension
culture cells

hMish Mumber of GUS Spots
Size Exp. 1 Eup. 2
110 1,307 1,522
16 1,036 1,708
24 1,132 1,182
(M%) (MS)

{ME) = Mot a statistically significant difference

Summary

Performance characieristics were determined using transient
expression of a chimeric GUS gene delivered o different types
off ez cells and tsswe cultures. Slhot paiterns were also deter-
mined for the helivm device wsing Biotinylated DMA precips-
taved onto the gold particles. These patterns were then
compared 1o the distribution of GUS ool developed in s
Cverall comparisons imdicated that the belivm devics exhibit-
ed a 3- to 10-fold improvement in the delivery of *biologically
elfective® panticles and o significanthy greater target area com-
pared 1o both of the devices based on gunpowder. The helium
device was superior (0 the other devices in terms of effective
target area and target saturation, s judged by transient sxpres-
stom and distribution of particles.
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