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Abstract — To assess potential impacts of transgenic pest-resistant plants, newly-emerged adult
honey bees from ten colonies were tagged, placed in cages at 33 °C, and fed pifly €2%y1Ba

Bacillus thuringiensi¢Bt) toxin or 2.5 mg/g aprotinin proteinase inhibitor in pollen-food (equivalent

to 0.25% or 1% of total soluble protein). Control bees were given similar food without additive. All
foods were consumed at similar rates. After seven days, all bees were returned to their hives. Subsequent
observations showed that Cry1Ba-fed bees did not differ significantly from control bees in the tim-
ing of their first flight, the period during which flights took place or in estimated longevity. However,
aprotinin-fed bees began to fly and also died about three days sooner than Cry1Ba-fed or control bees.
Their flight periods were similar to those of the other bees. The effects of transgenic aprotinin-plants
on honey bees will thus depend on gene expression levels in pollen.

Apis mellifera/ Bacillus thuringiensis/ Cry1Ba toxin / proteinase inhibitor / aprotinin /
transgenic plant
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1. INTRODUCTION CaMV 35S promoter). Further studies are
required before generalisations can be made

Increasingly, crop plants are being gene1about the tissue specificities of commonly-
ically modified for protection against pest!S€d promoters and the expression of pes-
attack (James, 1997, 1998). Although therr€sistance proteins in pollen of transgenic
are a number of genes with potential for usP'ants.
in pest-resistant transgenic plants, recer A number of recent studies have provided
commercial and research attention has bednformation on the effects on bees of various
focused mostly on those encoding eitheconcentrations of purified Bt and PI pro-
Bacillus thuringiensigBt) toxins or pro- teins added to bee food. Purified CrylA(c)
teinase inhibitors (PlIs) from a variety oftoxin fed at a concentration of 2@/ml to
plant and animal sources. The success (1-3 day-old larvae and adultsfafmellifera
cultivars containing these genes will depenihad no significant effect on the survival of
in part upon their safety to beneficial polli- these insects (Sims, 1995). Similarly, puri-
nating insects such as honey begsg mel-  fied CryllIB toxin (0.066% and 0.332%)
lifera L.), which may be exposed to genefed in sugar syrup to colonies of honey bees
products in either pollen or nectar. over a two-month period had no effect on
. larval survival or pupal dry weight (Arpaia,
There have been few published measurelg%). Purified Cry1Ba toxin (similar to the

ments of Bt toxin or Pl expression levels inrecombinant rotein that would be expressed
pollen or nectar. Cry1A(b) Bt toxin was . P P

undetectable in pollen from maize containingIn a plant genetically modified to contain
a cry1A(b) gene under the control of the Cry1Ba gene) mixed into a pollen-based

cauliflower mosaic virus (CaMV) 35S pro- Looor?eatbleoészfgrosre%ég (';”;1/3 aQStEngaor aéj#ég
moter, but was present (as 260-418 ng/m i e F SE el 8 b hieh
soluble protein) in pollen/anther prepara- hf o? q thel 4

tions from maize containing the same gen‘eac ood was consumed or on the longevity

on a pollen-specific promoter (Kozeil et aI.,Of the bees (Malone et al., 1999).

1993). Cotton plants of the commercial Several studies have shown that purified
transgenic cultivar, Bollgard™, had lowerPls fed to adult honey bees can alter diges-
levels of CrylA(c) Bt toxin in pollen tive protease levels and, at high concentra-
(0.6 ug/g fresh weight) than in petals tions, cause some mortality. BBI fed to for-
(3.4p0/9) (Greenplate, 1997). Indirect evi- aging (older adult) honey bees in syrup at
dence of Bt gene expression in pollen haconcentrations of 1, 0.1, 0.01 or 0.001 mg/g
also been provided by a report of insecticihad no effect on bee survival over four days,
dal activity of pollen from Bt-transgenic but trypsin activity was reduced after
N4640 maize (Losey et al., 1999). In con-3.5 days’ consumption of 0.1 or 1 mg/g BBI
trast, the cysteine PI, oryzacystatin | (OC-l)syrup (Belzunces et al., 1994). Bonadé-
was found in the leaves of transgenic CaM\Bottino et al. (1998) reported “deleterious
35S/0OCl-oilseed rape plants (0.2—-0.4% oeffects” on bees fed BBI in a “long-term”
total soluble protein), but was undetectablbioassay with BBI supplied to bees at $00
in the pollen and nectar of the same plantthe expression level of BBI in transgenic
(Bonadé Bottino et al., 1998). This findingoilseed rape plants, but did not provide
is in accordance with that of Jouanin et aldetailed methods or data. No mortality was
(1998), who also noted that Bowman-Birkobserved three days after 15-day-old adult
soybean trypsin inhibitor (BBI) could not bees were each fed with 1y of BBI,

be detected in the nectar or pollen of transOC-I or chicken egg white cystatin (Girard
genic oilseed rape plants with measurablet al., 1998). Cowpea trypsin inhibitor
expression levels in leaves (gene also o(CpTl) did not have short-term (24 h)
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toxicity to 15-day-old adult bees either fed 2. MATERIALS AND METHODS
with 11 pg or injected with 0.5ug of this

PI (Picard-Nizou et al., 1995). Four serine  Activated Cry1Ba toxin was obtained
endopeptidase inhibitors, aprotinin (alsofrom a large-scale fermentation®&fthurin-
known as bovine pancreatic trypsin inhibitorgiensisBt4412, purified and cleaved accord-
or BPTI), soybean Kunitz trypsin inhi- ing to the method described by Simpson
bitor (SBTI or SKTI), potato proteinase et al. (1997). This process subjects the Bt
inhibitor I (PI-1 or POT-1) and potato pro- parasporal inclusions to conditions similar to
teinase inhibitor 11 (PI-Il or POT-2), have those in an insect gut, i.e. they are dissolved,
been shown to have dose-dependent effedteleasing protoxins, which are then cleaved
on bee longevity when fed to new|y-?nto toxic core fragme;nts (“acti_vated tox-
emerged adult bees (Malone et al., 1999NS") by proteases. Activated toxin was used
1998; Burgess et al., 1996). Bees had sig@S this most closely resembles the form in

nificantly reduced longevity when fed BPTI Which Cry1Ba will be expressed in trans-
or SBTI in sugar syrup ad lib. at 10, 5 ordenic plants. Purified aprotinin was obtained
1 mg/ml (Burgess et al., 1996). SimilarT0M Intergeff Company, Canada/USA.

reductions in longevity were noted in bees Honey bees were obtained from our api-
fed either POT-1 or POT-2 at 2 mg/ml inaries at Mt Albert, Auckland, New Zealand,
syrup ad lib. or at 10 mg/g in a pollen-basedrom ten different colonies. Each colony
solid food for the first eight days of adulthad been re-queened three months prior to
life (Malone et al., 1998). Midgut proteasethe experiment with mated queens of simi-
activity levels were also significantly alteredlar genetic background obtained from a com-
by many of these PI treatments, in soménercial queen breeder. Each colony was
cases even in the absence of a Iongevi[?QUSEd in a two-storey, full-depth hive, con-
effect (e.g. bees fed for eight days withf@ining a plastic feeder and 17 frames, of
2 mglg of POT-1 or POT-2 in pollen-basedWhich six on average (range, 4 to 8) con-
food had normal longevity but significantly tained brood and the rest t_:ontamed stores
reduced levels of trypsin, chymotrypsin and®’ oney and pollen. Colonies were placed
elastase) (Burgess et al., 1996). SBTI, mier]r:ir{;igv?/ggyasbpoﬁjctego%r?nug;:rtt%%ﬁmﬁéei'
into a pollen-based food at 10, 5 or 0.5 mg/! : : -
and e 1 newy-emerged adul honey bocs 214 10 WEre I one apiany he orers
for seven days, had no significant effect on

g ollected for the experiment by taking
the rate at which each food was consumed oéapped” brood combs from each colony

on the subsequent longevity of the beegacing them in an incubator at 33 °C. Adult
(Malone et al., 1999). bees that emerged over the next four hours

Honey bees kept in cages in an incubatovere removed from the combs and tagged
are unable to carry out many of the activitie®y gluing coloured, numbered discs to their
that they would undertake in the hive, suctihoraces. Four thousand eight hundred bees
as flying and interacting with other beesWwere tagged.

Whether this lack of activity ameliorates or - Thege tagged bees were then assigned to
exacerbates the effects of Bt toxins or Plgyree different treatments (control, aprotinin

is uncertain. Here we report on the effects oy cry1Ba). They were placed in wooden

a Bt toxin (CrylBa) and PI (aprotinin) on cages (9 8 x 7 cm) with mesh on two
the flight activity and longevity of adult sides, 80 bees per cage and 20 cages per
honey bees fed these purified proteins fofreatment. While an attempt was made to
the first seven days of adult life and therkeep the bees from different colonies in sep-
returned to their hives. arate cages, so that they could be returned to
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the colonies from which they had beentaken, in the hope that this would reduce
taken, shortages of suitably-aged bees irejection. However, this was not possible
some colonies meant that some cages cofer the majority of tagged bees, since there
tained bees from more than one colonyhad been insufficient bees of a suitable age
Each cage was supplied with about 5 g ofeady in each colony on the day allotted for
pollen-food (0.33 parts pollen, 0.08 partstagging. Colonies 1 and 4 received only bees
sodium caseinate, 0.16 parts brewer's yeadtpm the same colony, but the others received
and 0.43 parts sucrose mixed with water tonixtures of bees from several colonies.
a paste) to which the gene products had be&ecause each bee in the colony had a unique
added. The pollen used in this food was bedag, its treatment was known and its subse-
collected from unknown floral sources andguent behaviour and survival could be deter-
stored at —20 °C. In addition, each cage wained.

fitted with two gravity feeders, one con- e gnset of flight activity and the total
taining water and the other sugar syrup (S0%ngth of time over which flights took place
W:v sucrose solution), which were replenyere estimated for each surviving tagged
ished as necessary during the experimengee Flight activity of the tagged bees was
One thousand six hundred bees (160 beghserved from the day after the bees had
for each colony) each received pollen-footheen introduced into the hives. Hive
without additive (controls), with 2.5 mg/g entrances were blocked with a piece of foam
aprotinin added or with 62fg/g CrylBa pjastic for 10 min and the numbers and
added. These dosage levels approximategh|ours of any tagged bees that had landed
1% aprotinin and 0.25% Cry1Ba of totalgn the front of each hive were noted. Obser-
protein in the pollen-food (assuming thatyations were made three times daily for the
this food was 25% protein). They were chofirst five days and then six times daily until
sen to represent Bt and PI expresslon |e\ho more tagged bees were seen. The pres-
els re_ported from leaves of transgenic plantgnce of pollen in the corbiculae of tagged
effectively protected from pest attack (Perlalpees was also noted. Since the hives were
et al., 1990; Greenplate, 1997; McManusocated in adjacent apiaries in a suburban
et al., 1994; Benedict et al., 1996; Duan ejrea, all the bees had similar access to flow-
al., 1996; Lee et al., 1999; McManus anckring plants and were able to forage from
Burgess, 1999; Voisey et al., 1999). Themany different garden plant species during
caged bees were incubated in darkness ge experiment.

33 °C for seven days. A “census” of tagged bees in each hive

The number of dead bees and the weighwas conducted 3, 7, 14 and 21 days after
of pollen-food consumed by the bees in eacHeir return to the hives by opening each
cage were recorded after seven days. PolleRive at dusk and recording all tagged bees
food Consumption was estimated by d|V|d_that could be seen. Each frame in the hive
ing the weight lost from each food containeMas removed, both faces and all edges were
by the number of live bees. Mean food con€xamined thoroughly for tagged bees twice,
bers of surviving bees per cage were comlhe whole process took about 15 to 20 min
pared using ANOVA. per hive. By combining these observations

with those made on bees outside the hive

Six cages of bees (two each of the conduring the day, an estimate of minimum
trols, aprotinin- and CrylBa-fed bees) werdongevity (last day seen alive) was obtained
then released directly onto the brood combfor each tagged bee. Bees not recorded in a
of each of the ten colonies. As explainereceding census were assumed to have
earlier, an attempt was made to return bedseen alive if they were observed in a later
to the colony from which they had beencensus or flight observation.
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To determine whether any of the treatreceived Cry1Ba, aprotinin or no food addi-
ments had influenced the rejection of beesive (Tab. I).
released into the colonies, the numbers of

bees from each treatment group recorded in '€ three different foods received by the
the day 3 census were compared usin gged bees did not affect their subsequgnt
ANOVA. cceptance by other bees when released into

) the colonies (Tab. Il). There was a signifi-
_To compare the longevity of bees fromcant colony effect however, with more
different colonies receiving different treat- tagged bees surviving their first three days in
ments, survival curves were constructed iolonies 1 and 2 than in colonies 3, 5, 6, 8,
which the proportions of each type of tagged or 10 P < 0.00). Colony 4 had an inter-

bee alive in each colony were plotted againshediate number of survivors at day 3 (post-
time in days from their return to the hive.release).

Mantel-Haenzel (log-rank) tests (Kalbfleisch

and Prentice, 1980) were carried out to com- When results from all colonies were com-
pare Kaplan Meier estimates of survival disbined, log-rank tests showed that there was
tribution, S(t), for bees receiving each treat@ significant reduction in survival of apro-
ment and from each colony. The mearinin-fed bees from day 3 (post-release)
longevity of bees from each colony and ofonwards P < 0.001; Fig. 1). (Colony 3 was

those subjected to each treatment was alggnitted from the analysis as only two bees
calculated. had survived introduction into the hive, both

Th q i b d fliah dfrom the CrylBa treatment.) There were
H € mean Syo f'(;St Observe . I?] ff_aﬁ also significant colony effects on bee sur-
the mean number of days over which Tights ;o) \yithin each treatment group (controls,
were observed (from the first to the last days — 0.0002; Cry1Ba-fed® < 0.001; apro-

upon which flight was observed) were calyinin teq. p = 0.006). However, there were

culated for bees from each treatment groug, ¢ongistent patterns among these survival
and colony and compared using ANOV'_A"curves, i.e. no single colony consistently

There were too few bees observed carrying, § |onger- or shorter-lived bees regardless
pollen for analysis to be carried out on thesey 1.aatment. Mean estimated bee longevity

observations. figures were in accordance with the find-
ings of the log-rank tests. Data pooled over
all colonies gave the following mean bee
3. RESULTS longevities: controls, 19.3 days, aprotinin-
fed bees, 15.5 days and CrylBa-fed bees,
During the first seven days of adult life, 18.0 days. Data pooled over all treatments
tagged bees kept in cages had similar mogave the following longevities: colony 1,
tality and consumed similar amounts of17.7 days, colony 2, 21.9 days, colony 4,
pollen-food, regardless of whether they had 5.6 days, colony 5, 12.7 days, colony 6,

Table I. Numbers of surviving adult bees and their consumption of pollen-food with and without
additives after seven days in cages.

Treatment Number of survivors Food consumed
(out of 1600) (mg per surviving bee)

Control 1457 46.6

Cry1Ba, 625.1g/g 1438 46.5

Aprotinin, 2.5 mg/g 1496 50.4
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Table Il. Survival of tagged bees three days after their release from cages into ten different colonies
(number alive after three days/number released into colony).

Colony number Treatment received while in cage
Control Cry1Ba, Aprotinin, All treatments
625ug/g 2.5 mg/g

1 53/125 48/113 72/146 173/384
2 49/120 28/157 24/158 101/435
3 0/156 2/155 0/156 21467

4 4/142 5/98 13/125 22/365
5 5/156 6/150 1/155 12/461
6 1/146 3/147 6/134 10/427
7 19/149 19/158 27/159 65/466
8 9/151 5/149 23/157 371457
9 5/155 13/156 4/150 22/461
10 1/157 1/155 5/156 71468
All colonies 146/1457 130/1438 175/1496 451/4391

0.8 1

Control
- --CryiBa

061 A T Aprotinin Figure 1. Survival of
. adult bees after their
release into colonies in
the field (pooled data
from ten colonies).
Before release, the bees
had been fed for seven
days post-emergence
Teeel, with pollen-food con-
00— {aining 625.g/g Cry1Ba
10 20 30 40 50 60 70 Bttoxin, 2.5 mg/g apro-
Age of adult bees tinin proteinase inhibitor
(days from emergence) or no add|t|ve (Contl’0|)

0.4

Proportion alive

0.2 1

14.8 days, colony 7, 13.7 days, colony 810 were omitted from the analysis as there
14.8 days, colony 9, 17.8 days and colony 1Qyere insufficient flying bees in some cate-
13.3 days. gories from each.) The day of first flight

When flight data from all colonies were @IS0 varied significantly from colony to
pooled, ANOVA showed that bees fed withcolony when all treatment groups were
aprotinin began flying significantly sooner pooled P < 0.001). For example, colony 4
(by 2.8 days on average) than the other bedxees began flying sooner than colony 2 bees
(P =0.003) (Tab. Ill). (Colonies 3, 5, 6 and(Tab. III).



Bt and PI effects on bee activity 63

Table lll. Flight activity of tagged bees after three different treatments and subsequent release from
cages into colonies. Data were pooled across colonies for treatment comparisons and pooled across
treatments for colony comparisons. Numbers without a letter in common within each column differ
atP <0.05 (ANOVA).

Treatment received Mean number of days until first Mean number of days over

or colony number flight observed which flights were observed
(after release into colony)

Control 17.0a 4.5a

CrylBa 17.0a 3.7a

Aprotinin 14.2b 3.8a

Colony 1 16.9cd 3.3cd

Colony 2 20.3c 6.4b

Colony 4 10.6e 5.1bc

Colony 7 13.6de 1.6d

Colony 8 13.8de 3.6¢cd

Colony 9 12.6e 5.9bc

There were no significant differenceswhether they were related or not. This fits
attributable to treatment in the length of timewith the observations made during the pre-
over which bee flights took place, althoughsent study. Although an attempt was made to
there was a significant colony effect on thismatch some of the released bees to their
parameterf < 0.001) (Tab. Ill). For exam- colonies of origin, in order to avoid prob-
ple, colony 7 bees had extremely short flightems with unrelated bees encountering each
periods compared with colony 2 beesother, it may have been more beneficial to
(Tab. 11). employ some technique to introduce the

Very few bees were observed Carryind)ees into the hive S|OW|y so that they could
pollen, although there were representativegcquire an appropriate “colony odour”
from each treatment group among them. before being exposed to other bees. In pre-

liminary tests to the present study, high
rejection rates were also observed when

4. DISCUSSION week-old bees from the laboratory were

introduced into hives inside queen cages

The high rate of rejection of bees returnegealed with candy (unpublished observa-
to the hive after being kept in the labora-ions). Furthermore, attempts to place larger
tory for seven days was a major drawbackages containing tagged, newly-emerged
with the method employed in this study.bees supplied with the proteins and syrup
Nestmate recognition among worker honeydirectly inside hives, rather than keeping
bees appears to be influenced not only bihem in an incubator for seven days, resulted
relatedness but also by odours acquired it very high and immediate bee mortality
the hive (Saleh, 1991). For example, Breedunpublished observations). Lower rejec-
et al. (1988) noted that newly-emerged beetion rates may have resulted if the week-
were generally accepted by both laboratoryeld, treated bees had been introduced into
kept groups and field colonies of beesthe hive behind a screen of paper. This is a
regardless of whether they were related otechnique commonly used by beekeepers
not. However, laboratory-kept bees oldewhen combining hives (e.g. “the newspa-
than 12 h were not accepted by field colonieper method” described by Matheson, 1997)
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and the time taken for the bees to chewyrup (10, 5, 1, 0.1 or 0.01 mg/mL) (Burgess
through the paper seems sufficient for thenet al., 1996). Those receiving the two lowest
to acquire similar odours and to recogniseoncentrations had similar longevity to the
each other as nestmates. controls (37 days on average), but those
&Fceiving 10, 5 or 1 mg/mL aprotinin had

The high rejection rate in the present, =~
study meant that most colonies had too fe eir lifespans reduced by an average of 17,

- 8 or 9 days respectively. In the present
bees for a meaningful colony-by-colony sta- L
tistical analysis of observations. Howeverswdy' bees fed 2.5 mg/g aprotinin in pollen-

the treatment effects revealed by analysi%‘ogdd;orsssivoenneS?ggndéiﬂtfjt\é":ee; 2.7 and
of data pooled across all colonies were also’ y :

demonstrated in separate analyses of |f e assume that aprotinin has its major
colonies 1 and 2, the only individual coloniesmpact on the bee during the first week of
Wlt_h reasonable numbers of accepted beegqdult life in a caged bee, when proteolytic
This tends to support the conclusions of thgctjvity peaks (Crailsheim and Stolberg,

.Study, |e that bees fed aprotinin began ﬂy1989), then we may Compare these two stud-
ing and died sooner than the other bees. jes py estimating a “daily dose” of PI

Bees fed with purified Cry1Ba toxin at feceived by each bee during this period. In
a rate approximating expression in pollerfhe caged bee study, this can be calculated
of 0.25% (of total soluble protein) had sim-Py multiplying the concentration of Pl in
ilar longevity and flight activity to the Syrup by the amount of syrup consumed per
control bees in this study. This confirmsbee per day (0.032 mL, unpublished obser-
previous studies showing that bees wer¥ation). In the present study, a comparable
unaffected when fed on purified Bt figure may be obtained by multiplying the
gene products (Sims, 1995; Arpaia, 1996€0ncentration of Pl in the pollen-food
Malone et al., 1999). The safety to honey2.5 mg/g) by the average amount of food
bees of commercial Bt biopesticide formu-consumed per day (7.1 mg, Tab. I). Thus
lations, provided they do not contain exo-Pees that were kept in cages and consumed
toxins, is well-established (Cantwell et al., 32 Hg of aprotinin per day via syrup had
1972; Celli, 1974; Buckner et al., 1975;significantly reduced longevity (by nine
Cantwell and Shieh, 1981; Vandenbergdays on average), but those that received
1990). It seems likely that transgenic3 Hg aprotinin per day in syrup did not
Bt-plants will be similarly harmless to bees,(Burgess et al., 1996). From these data we
even though these plants may expose beesy speculate that the “threshold value”
specific Bt toxins in soluble and cleavedabove which aprotinin will cause adult bee
form (“activated toxins”), rather than a mix- mortality lies somewhere between 3 and
ture of toxins, spores and vegetative stage32Hg per bee per day. In the present study,

as is the case with Bt biopesticides. colony 1 and 2 bees that receivedubfof
i aprotinin per day in pollen-food and were
Interactions between honey bees andstyred to their hives died significantly

plants express_ing Pls are likely to be morggoner (by 2.8 days) than control bees in
complex. Earlier studies have shown thajhe same colonies. This places the “thresh-
Pls can reduce bee digestive protease actiyiq yaye” between 3 and 1€ per day and

ity and that they have dose-dependent effecty,ggests that the effects of aprotinin on bee
on bee survival (Burgess et al,, 1996; Malongryjval in the hive are not dramatically dif-

etal., 1998). In an earlier study with aproferent from its effects on bees kept entirely
tinin, bees were kept in cages and supplieg, cages.

with the pollen-food without additive (same
recipe as in the present study), but were fed The aprotinin dose given to newly-
continuously with the Pl added to sugarmerged bees in this experiment was chosen
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to simulate exposure to transgenic pollempotential to provide useful information on
expressing 1% aprotinin (of total protein)the impacts of transgenic plants prior to
continuously for seven days. While this is arrelease, the current lack of data on expres-
approximation of a potential field situation, sion levels in pollen limits the conclusions
there are several factors complicating itwe can draw and is a constraint on rational
Firstly, bees in field colonies may consumeexperimental design.

more pollen over a longer time than bees

kept in cages, since the presence of brood

has been shown to stimulate protein inges- ACKNOWLEDGEMENTS
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Pl expression levels in leaves of transRésumé — Effets de l'ingestion d'une
genic plants protected from pest attack rangtxine de Bacillus thuringiensiset d'un
from 0.05 to 2.5%. For example, riceinhibiteur de trypsine sur I'activité de vol
expressing 0.5 to 2% of a potato Pl wast la longévité de I'abeille domestique.
resistant to pink stem borer (Duan et al.Afin d’évaluer I'impact potentiel sur
1996),Spodoptera lituravere killed by I'abeille domestiqueApis melliferal.) des
feeding on leaves of tobacco expressing 0.glantes transgéniques résistantes aux rava-
to 1% soybean trypsin inhibitor McManus geurs, des abeilles adultes fraichement
and Burgess, 1999), rice expressing 0.05 técloses provenant de 10 colonies ont été
2.5% soybean trypsin inhibitor had marquées, encagées a 33 °C et nourries pen-
improved resistance to brown planthoppediant sept jours avec du pollen auquel avait
(Lee etal., 1999), andiseanaspp. growth  été mélangé soit 63%)/g de toxine Cry1Ba
was reduced on white clover expressingieBacillus thuringiensi¢Bt), soit 2,5 mg/g
0.07% aprotinin Voisey et al., 1999). Thereq'aprotinine, inhibiteur de protéase.
fore, a leaf expression level of 1% mightceg concentrations équivalent environ dans
realistically be expected in a pest-resistant, ourriture a 0,25 % et 1 % respective-
transgenic Pl-plant, although lower levelsyant de 1a protéine totale soluble. Les
of expression may suffice for pest control. ltapajles témoins ont recu de la nourriture
remains to be seen whether a pollen eXPrégnourvue d’additifs. Le taux de consom-
sion level of 1% is also realistic, since Pl 5tion a été le méme pour tous les types de
expression levels in the pollen of pest-resis 5 riture (Tab. 1). Au bout de sept jours,

tant Pl-plants have not yet been conclusivelyog apeijles des trois groupes de traitement

established (Bonadé-Bottino et al., 1998, 5ient |e méme taux de survie (Tab. I). On
Jouanin et al., 1998).

a ensuite réintroduit entre 98 et 159 abeilles
While experiments using purified genede chaque groupe de traitement dans cha-
products mixed into bee food have thecune des 10 colonies. Beaucoup d’abeilles
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marquées ont été rejetées par les coloni@aurde von allen Bienen in &hnlicher Menge
au cours des trois premiers jours, mais il n"yaufgenommen (Tab. ). Nach 7 Tagen hatten
avait aucune relation significative avec lealle Bienen der drei verschiedenen Behand-
type de nourriture qu’elles avaient reguesungen ahnliche Uberlebensraten (Tab. ).
dans les cages (Tab. II). Zwischen 98 und 159 Bienen aus jeder der
Les observations suivantes ont montré qué Behandlungsgruppen wurden dann in
les abeilles du groupe CrylBa ne se difféeines der 10 Bienenvilker umgesetzt. Viele
renciaient pas significativement des abeillesler markierten Bienen wurden in den ersten
du groupe témoin en ce qui concerne I'ag@ Tagen abgetrieben, aber das war nicht sig-
de leur premier vol, la durée pendannifikant abhangig von dem Futter, das sie
laquelle avaient lieu les vols et la longévitén den Kafigen erhalten hatten (Tab. II).
estimée (Tab. lIl, Fig. 1). Pourtant lesDie nachfolgenden Beobachtungen zeigten,
abeilles du groupe aprotinine ont commencdass die mit Cryl1Ba geflitterten Bienen
a voler environ 2,8 jours plus tét que lessich weder in Bezug auf das Alter bei den
témoins et sont mortes aussi 3,6 jours plugrsten Ausfliige signifikant von den Kon-
tot (Fig. 1, Tab. IIl). Par contre elles onttrollbienen noch in der Zeit der Ausfliige
effectué des vols sur une période semblableder der Lebensdauer (Abb. 1, Tab. IlI)
a celle des autres groupes (Tab. 1ll). Cegnterschieden. Bienen dagegen, die mit
résultats, ainsi que ceux d’'autres études antéprotinin gefiittert worden waren, flogen
rieures sur I'aprotinine, suggerent que le€,8 Tage friher als die Kontrollbienen und
effets des plantes transgéniques exprimastarben 3,6 Tage friher (Abb.1, Tab. IlI).
I'aprotinine doivent trés vraisemblablementihre Flugperioden waren ahnlich wie die
dépendre des niveaux d’expression du gerger anderen Bienen (Tab. lll). Diese Ergeb-
dans le pollen. nisse sowie die von friheren Untersuchun-
gen sprechen dafir, dass die Wirkung von
transgenen Aprotininpflanzen sehr stark
davon abhangen werden, wieviel Aprotinin
von dem entsprechenden Gen im Pollen
erzeugt wird.

Apis mellifera / Bacillus thuringiensid
toxine CrylBa / inhibiteur de protéase /
aprotinine / plante transgénique

Apis mellifera/ Bacillus thuringiensis/

Zusammenfassung — Wirkungen eines Cryl1BA Gift / Proteinhemmer / Aprotinin
Giftes vonBacillus thuringiensisund eines
Trypsin Hemmers im Futter auf die
Flugaktivitat und Lebensdauer von REFERENCES
Honigbienen.Um mogliche Schaden durch
transgene befallsresistente Pflanzen aufrpaia S. (1996) Ecological impact of Bt-transgenic
Honigbienen Apis melliferalL.) einzu- plants: 1. Assessing possible effects of CryllIB

" . . . toxin on honey beeApis melliferalL.) colonies,
schatzen, wurden frisch geschlupfte Bienen ; Genet. Breed0, 315-319.
von 10 Volkern markiert, in Kafigen bei gejzunces L.p., Lenfant C., Di Pasquale S., Colin M.E.
33 °C gehalten und 7 Tage lang mit einer (1994) In vivo and in vitro effects of wheat germ
Mischung aus Futterteig und Pollen mit dem 2agglutinin and Bowman-Birk soybean trypsin

f inhibitor, two potential transgene products, on
Zus.atz Von. 62.519/9 Gift (CryllBa) des midgut esterase and protease activities fApis
Bacillus thuringiensi¢Bt) oder von 2,4 mg/g mellifera, Comp. Biochem. PhysidB 109, 63-69.

dQS Eiwe{Bhemme_rs Aprotinin gefuttert. Benedict J.H., Sachs E.S., Altman D.W., Deaton W.R.,
Diese Konzentrationen entsprechen etwa Kohel R.J., Ring D.R., Berberich S.A. (1996) Field

0.25 % bzw. 1 % der Gesamtei@m’enge performance of cottons expressing transgenic CrylA
! T - . insecticidal proteins for resistance Heliothis

des Futters. Die Kontrollbienen erhielten i escenaindHelicoverpa zedLepidoptera: Noc-
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