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Abstract — As more transgenic crop plants become commercialised, there is an increasing need for
information on their impacts on honey bees and bumblebees. Direct effects on bees may arise upon
ingestion of proteins encoded by transgenes, if they are expressed in pollen, nectar or resin. Indirect
effects may occur if plant transformation inadvertently changes flower phenotype. This review sum-
marises current findings on effects of purified transgene product ingestion on adult bee gut physiol-
ogy, food consumption, olfactory learning behaviour and longevity. Bt, protease inhibitor, chitinase,
glucanase and biotin-binding protein genes are discussed. Results from tests conducted in the labo-
ratory with individual adult bees and with colonies in the field are presented. Observations of bee for-
aging on transgenic plants kept under containment are also summarised. Results so far suggest that
transgenic plant impacts on pollinators will depend on a case-by-case analysis of the gene concerned
and its expression in the parts of the plant ingested by bees.

Apis mellifera/ Bombus terrestrig transgenic plants Bacillus thuringiensis/ protease inhibitor

1. INTRODUCTION still significant areas planted in Australia,
Mexico, Spain, France and South Africa
In 1998 there were nearly 70 million (James, 1998). Soybeans, corn, cotton,
acres of transgenic commercial crops groweilseed rape and potato, carrying herbicide-
ing worldwide (excluding China) (James,tolerance or pest-resistance transgenes,
1998). Most were grown in the Unitedaccounted for the vast majority of these
States, but there were also sizeable acreaga®ps (James, 1998). The list of transgenic
in Argentina and Canada, and smaller butrop plants ready to be commercialised is
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longer and includes a wider range of traitsis a plant tissue composed of 8 to 40% pro-
For example, in the United States, tomatoetein (Herbert, 1992), whereas nectar and
with delayed ripening characteristics, virustesin are plant secretions without signifi-
resistant squash and papaya, and engineereght protein content (Baker and Baker, 1977,
Bacillus thuringiensisstrains have been Schmidt and Buchmann, 1992). There are
approved for commercialisation (Anon, surprisingly few published measurements
1997). Other transgenic plants being field-of transgene expression levels in the pollen
tested include field crops (e.g. tobaccoopr nectar of transgenic plants and none for
alfalfa and rice), fruits (e.g. apple, kiwifruit, the resins, gums or exudates that bees collect
cranberry, grape, melon, plum, raspberryor propolis manufacture. Transgenic corn
and strawberry), vegetables (e.g. broccolicontaining a Bt gene controlled by a pollen-
carrot, pea, eggplant and cucumber) angpecific promoter was found to have pollen
flowers (e.g. gladiolus, petunia and chrysaneontaining 260418 ng of Bt toxin per mg of
themum) (Anon, 1997). total soluble protein (Kozeil et al., 1993).

Many of these crops require bees for poltOWeVer, transgenic corn plants containing
lination. For some, crop yield is directly 1€ same Bt gene on a different promoter
related to bee pollination success (e.g{cauliflower mosaic virus or CaMV 35S)
apples, kiwifruit, plums, strawberries angdid not_prpduce measura.ble quantities of
tomatoes). In others, seed production i§€ toxin in pollen (Kozeil et al., 1993).
wholly or partially dependent on visits from 'ransgenic Bt-cotton plants (commercial
bees (e.g. oilseed rape, broccoli and cacultivar, Bollgard™, withcrylAc gene
rots). Additionally, there are many plantsdriven by CaMV 35S promoter) had (ug
that, strictly speaking, do not require bee?f Bt toxin in their pollen (per g fresh
pollination, but are important food sourcesVeight), whereas the petals of the same
for bees (e.g. cotton) and others that are viglants contained 3.4g of toxin per g
ited by bees if there is no better forage availlGreenplate, 1997). Indirect evidence of Bt
able (e.g. corn and potato) (Louveaux et algene expression in pollen has also been pro-
1980; Crane and Walker, 1984). ConseVided by a report of insecticidal activity of
quently there is a need for information abouPollen from Bt-transgenic N4640 maize
the impacts of transgenic plants on bees d50sey et al., 1999). Transgenic oilseed rape

pollinators and as honey producers. plants containing a gene encoding the pro-
teinase inhibitor, oryzacystatin | (OC-I),

_Transgenic plants may have direct oynger the control of the CaMV 35S pro-
indirect effects on bees. Direct effects mayygter had measurable quantities of this
be defined as those that arise when a begynsgene product in their leaves (0.2-0.4%

ingests the protein that a transgene encode; 143 soluble protein), but not in their
Indirect effects may arise if the process of,qjen (Bonadé Bottino et al., 1998). This

introducing the transgene into the plangi, ying'was confirmed by Jouanin et al
results in inadvertent changes to plant pher gggy and these authors also noted that
notype affecting its attractiveness or NUINtVe3 5\ vman-Birk soybean trypsin inhibitor
value to bees. (BBI) could not be detected in the nectar or
Direct effects on bees may arise if transpollen of transgenic oilseed rape plants with
gene products (proteins) occur in the pollenneasurable expression levels in leaves (gene
nectar or resin of a transgenic plant. Thesalso on CaMV 35S promoter). Clearly, more
effects will depend on the nature of theinformation is required before any general-
transgene product and on the amount of isations can be made about transgene expres-
consumed by the bee. Of the plant productsion levels in the parts of plants ingested by
that bees collect, pollen represents the mobees. Without this information we are some-
likely vehicle for a transgene product. Pollenwhat limited in the conclusions we can draw
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from experiments to test the impacts offor oral and contact toxicity, similar to those
transgene products and transgenic plants ateveloped for chemical pesticides. These
bees. proteins can also be used in behavioural

Data on pollen grain dispersal is availabl@SSays with individual bees and can be fed to

from various studies designed to assess ge@%{f_ g?hsa?(faggciz t&%??;ﬁ ﬁ?gng'slﬁ\r:‘erlngnd
flow from transgenic plants (e.g. Lavigne f such ex eriménts ) Howéver it is im orty
et al., 1998; Foueillassar, unpublished data], P ' ’ P

to non-target insects of exposure to protein 9 y

which could be expressed in transgeni@E"€ Product in question and the dosage lev-
pollen. Unfortunately, current predictive &5 IKely to be encountered by bees foraging
mathematical models of pollen dispersa n transgenic plants expressing the gene.

take into account pollen carried only by he mechanisms of action of transgene
wind and not by insects. More informationprOdUCtS’ such as Bt toxins, chitinases or

is needed on insect-mediated pollen move@rotease inhibitors, vary considerably and

ment in order to make reasonable predicf_;lls:o differ from those of conventional insec-

tions about the levels of transgenic pollerj/cides, which tend to fallinto several well-
defined categories such as nervous system

to which bees may be exposed in the field. 7 . . .
inhibitors or insect growth regulators. As
Indirect effects of transgenic plants onmentioned previously, a lack of information
bees may occur when genetic modificatioron transgene expression levels in pollen (or
results in an unexpected change in the plantisectar or resin) limits our ability to design
phenotype. Insertional mutagenesis is onmeaningful toxicity tests. Because of this,
such change. In this case, the random poshe dosage levels used in tests so far are esti-
tioning of the transgene in the plant’smates of the range of concentrations of a
genome interferes with a gene or suite ofransgene product that a bee might be
genes needed for a “normal” phenotype. Fogxpected to encounter when foraging on a
example, an insertional mutagenesis eventansgenic crop. Sometimes very high doses
that resulted in plants without flowers wouldare included to simulate a “worst-case sce-
have a definite negative impact on beesario” for the bee. These tests can provide
Less obvious changes, such as alterationseful information on bee impacts, in
in nectar quality or volume would be harderadvance of the actual production of trans-
but not impossible, to detect. Effects due tgenic plants for testing, thus saving time
insertional mutagenesis will vary amongand effort. Ultimately however, tests with
different lines of plants derived from sepa4whole transgenic plants must be conducted
rate transformation events and can easily b® confirm in vitro test results, to learn of
eliminated by line selection. Pleiotropic any pleiotropic effects and to check for line
effects represent a second type of inadvertesffects such as those caused by insertional
phenotypic change. In this case, it is not thenutagenesis.
position of the transgene, but its product,
which interferes unexpectedly with a bio-
chemical pathway in the plant to create a 2 RECENT RESEARCH RESULTS
phenotypic change. Such changes would
occur in all lines of the transgenic plantand 2 1 Bt genes
could not be remedied by line selection.

Test methodologies are currently being Bt genes are isolated fromacillus
developed to assess the impacts of tran#uringiensisa soil-dwelling bacterium which
genic plants on bees. Purified transgenproduces a range of insect-specific toxic pro-
products can be used in conventional test®ins. Different strains dB. thuringiensis



Table I. Summary of tests with bees and purified protein transgene products.

Protein tested

Type of experiment, situation, stages tested Doses tested Reference

Bt toxins

CrylAc
CrylAb
Cry9C
Cry3A
Cry3B
CrylBa
CrylBa

Toxicity, laboratory, larvae and adults |2ml Sims, 1995; Anon, 2000
Toxicity, laboratory, larvae 20y/ml Anon, 2000

Toxicity, laboratory, larvae 2Q/ml Anon, 2000

Toxicity, laboratory, larvae Not given Anon, 2000

Toxicity and growth effects, field colony, larvae and pupae 0.066 or 0.332% Arpaia, 1996

Malone et al., 1999
Malone et al., 2001

10, 2.5, 0.25 mg/g
6p6/g

Toxicity and food consumption, laboratory, adults
Toxicity and flight activity, field colony, adults

Serine protease inhibitors

Bowman-Birk soybean
trypsin inhibitor (BBI)
BBI

BBI

BBI

Aprotinin

Aprotinin

Kunitz soybean trypsin
inhibitor (SBTI)

SBTI

SBTI

SBTI

SBTI

SBTI

Short-term toxicity, laboratory, adults 1, 0.1, 0.01, 0.001 mg/g Belzunces et al., 1994

JdLper bee (short-term); Girard et al., 1998
26 ug/ml (long-term)
1,0.1,0.01 mg/ml

Short- and long-term toxicity, laboratory, adults

Sandoz, 1996;
Pham-Delégue et al., 2000

Long-term toxicity, laboratory, adults

Conditioned proboscis extension assay, laboratory, adults 1 &/d0 (reward); Girard et al., 1998;
1, 0.1, 0.026, 0.01 mg/ml Jouanin et al., 1998;
(dose) Pham-Delégue et al., 2000

10,5, 1, 0.1, 0.01 mg/ml Malone et al., 1995;

Burgess et al., 1996
Malone et al., 2000
Malone et al., 1995;

Burgess et al., 1996

Sandoz, 1996; Pham-Delégue et al., 2000

Long-term toxicity, laboratory, adults

10,5, 1, 0.1, 0.01 mg/g
10,5, 1, 0.1, 0.01 mg/m

Toxicity, laboratory, bumblebee adults
Long-term toxicity, laboratory, adults

Long-term toxicity, laboratory, adults 1,0.1, 0.01 mg/ml

Toxicity and food consumption, laboratory, adults 10, 5, 0.5 mglg Malone et al., 1999
Toxicity, laboratory, bumblebee adults 10, 5, 1, 0.1, 0.01 mg/g Malone et al., 2000
Toxicity and flight activity, field colony, adults 2.5mglg Malone et al., in press

1, 0.1, 0.01 mg/ml (dose) Jouanin et al., 1998;
Pham-Delégue et al., 2000

Conditioned proboscis extension assay, laboratory, adults
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Table I. Continued.

Protein tested

Type of experiment, situation, stages tested Doses tested

Reference

Potato proteinase inhibitor |

(POT-1)

Potato proteinase inhibitor Il Long-term toxicity, laboratory, adults

(POT-2)

POT-1

POT-2

Cowpea trypsin inhibitor
(CpT)

CpTI

Cysteine protease inhibitors
Oryzacystatin | (OC-I)

OC-l
OC-l

Chicken egg white cystatin

Other proteins
Chitinase

Chitinase
Chitinase

B-1,3 glucanase

B-1,3 glucanase
B-1,3 glucanase

Avidin

Long-term toxicity, laboratory, adults 2, 0.1 mg/ml, 10, 2 mg/g

Toxicity, laboratory, bumblebee adults 10, 5, 1, 0.1, 0.01 mg/g
Toxicity, laboratory, bumblebee adults 10, 5, 1, 0.1, 0.01 mg/g
Acute toxicity laboratory, adults MbLper bee (oral);

0.5pg per bee (injected)
Conditioned proboscis extension assay, laboratory, adults  1u&/h0(reward);
0.026 mg/ml (dose)

Short- and long-term toxicity, laboratory, adults pdlper bee (short-term);

26 pug/ml (long-term)
Long-term toxicity, laboratory, adults 1,0.1, 0.01 mg/ml
Conditioned proboscis extension assay, laboratory, adults ~ 1p&/mh0(reward);

1, 0.1, 0.01, 0.026 mg/ml (dose)

Short- and long-term toxicity, laboratory, adults ug per bee (short-term);

26 ug/ml (long-term)

Acute toxicity laboratory, adults {14 per bee (oral);
1.69ug per bee (injected)
Conditioned proboscis extension assay, laboratory, adults ~ Jidnl@reward)
Foraging activity on artificial flower, flight room, adults 1.3 mg/ml, 13,
1.3pg/ml (reward)
Short-term toxicity, laboratory, adults pd.per bee (oral);
0.3pg per bee (injected)
Conditioned proboscis extension assay, laboratory, adults  [gBnti@eward)
Foraging activity on artificial flower, flight room, adults 1.3 mg/ml, 13,
1.3pg/ml (reward)
Long-term toxicity and food consumption, laboratory, adults 6.7\\20

2, 0.1 mg/ml, 10, 2 mg/g

Malone et al., 1998
Malone et al., 1998
Malone et al., 2000
Malone et al., 2000
Picard-Nizou et al., 1997

Picard-Nizou et al., 1997

Girard et al., 1998
Sandoz, 1996
Girard et al., 1998;
Jouanin et al., 1998;

Pham-Delégue et al., 2000
Girard et al., 1998

Picard-Nizou et al., 1997

Picard-Nizou et al., 1997
Picard et al., 1991

Picard-Nizou et al., 1997

Picard-Nizou et al., 1997
Picard et al., 1991

Christeller et al., 1999
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produce different suites of toxins. Usuallytoxicity for Cry1Ab and Cry9C (both lepi-
each toxin is specific to a particular orderdopteran-active toxins for expression in
of insects and Bt genes encoding toxins witlzorn) or for Cry3A (coleopteran-active toxin
lepidopteran, dipteran or coleopteran activfor potatoes) (Anon, 2000). Similarly, puri-
ity have been isolated. Cultur&d thurin-  fied Cry3B toxin (= CryllIB, coleopteran-
giensisspores and vegetative stages havactive) fed in sugar syrup at concentrations
been used for many years in biopesticidef 0.066% or 0.332% to colonies of honey
preparations where their lack of hyme-bees over a two-month period had no effect
nopteran activity has ensured a good safetyn larval survival or pupal dry weight
record with bees. Transgenic cotton and cor(Arpaia, 1996). Purified Cry1Ba toxin (lep-
plants containing lepidopteran-active Btidopteran-active), mixed into a pollen-based
genes are commercially available, as artood at 10, 2.5 or 0.25 mg/g and fed to adult
coleopteran-active Bt-transgenic potatoetoney bees for seven days post-emergence,
(Anon, 1997, 2000). These plants preserttad no significant effect on the rate at which
single toxins to the insect in a pure and “actieach food was consumed or on the longevity
vated” form, whereas the biopesticide prepaef the bees (Malone et al., 1999). A similar
rations, containing whole bacteria andack of effect was noted with two Bt biopes-
spores, usually present the insects with mixticide preparations (Foray 48B and Dipel 2X)
tures of toxins that need to be activated bfed to bees in the same experiment at
conditions in the insect’'s gut. Because oR.5 mg/g. However, an extremely high con-
this, additional testing needs to be undereentration of Dipel (10 mg/g) resulted in
taken to ensure the safety of transgenisignificantly reduced food consumption and
Bt-plants to beneficial insects such as beesurvival, although whether this was due to
Fortunately, Bt toxins can be purified andthe Bt toxin or some of the “inert” ingredi-
activated to resemble the state in which thegnts in the preparation was not ascertained
are expressed in transgenic plants (e.dMalone et al., 1999). Worker honey bees
Simpson et al., 1997) and these can be uséeld for seven days post-emergence with
in trials with bees. 625ug/g purified Cry1Ba toxin mixed into
Purified Cry 1Ac (= CrylA(c), lepi- pollen-based food and then returned to their

dopteran-active) toxin fed at a concentral!Ves had similar longevity and flight activ-

tion of 20ug/ml to 1-3 day-old larvae and ity to control bees (Malone et al., 2001).

adults ofApis melliferahad no significant A semi-field study in Germany (Schur
effect on the survival of these insects (Simsg¢ al., 2000, reported in Anon, 2000), using
1995). This toxin concentration was MOr&ia|d-grown Cry1lAb Bt-corn plants and
than “100 times the concentration ofjsney hee colonies placed inside gauze tents
CrylA(c) protein found in the field as pres- ¢oyering parts of the cornfields, showed no
entin pollen and nectar of transgenic cotyqyerse effects of Bt-corn pollen contain-
ton” (Sims, 1995), but the author did noting high levels of Cry1Ab protein on bee
give details of these gene expression meagyyival, foraging frequency, behaviour or
urements. Similar toxicity test results werepgq development during the seven-day
submitted to the United States’ E”V'ron'period of pollen shed. Subsequent observa-

mental Protection Agency (EPA) for regis-tjon for a further 30 days revealed no effects
tration of Bt-cotton. No toxicity was noted 5 prood development.

in honey bee larvae or adults fed purified

CrylAc at levels “1700 or 10000 times the In response to public concerns raised by
levels found in pollen and nectar, respecthe monarch butterfly/Bt-corn pollen study
tively, of transgenic insect resistant cotton(Losey et al., 1999), tests are also under way
plants” (Anon, 2000). Honey bee larval testdo compare the respective effects of puri-
for the EPA have also revealed no bedied lepidopteran-active Bt toxins, of a
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Bt biopesticide preparation, and of a conproteases respond to one set of Pls and ser-
ventional chemical pesticide commonly usedne proteases to another. Some Pls bind
on corn and potentially present when pollerstrongly to only one type of protease; others
is produced (MHP-D, unpublished data).have dual specificity. The impact of a Pl on
Such work is expected to assess tha particular insect will depend on the insect’s
biosafety correlates of the different meth-gut protease profile and the specific activity
ods used for crop protection, rather tharfor activities) of the Pl in question. Because
simply comparing the effects of transgeniaheir mechanism of action involves mole-
plants versus control plants, which is notule-to-molecule binding, the impacts of
agronomically realistic. Pls on insects are often dose-dependent.

There are no published reports of effects Honey bees and bumblebees use prote-
of purified Bt toxins on bumblebees and nolytic enzymes to digest dietary protein
published studies specifically describing thgWinston, 1987; Malone et al., 1998, 2000)
effects of transgenic Bt plants on bumble-and so it is not surprising that some Pls at
bees. some concentrations have been demon-

Results so far suggest that the specificitiestrated to have effects on these insects. Ser-
of different Bt toxins are retained in their € Proteases predominate in these insects
activated form and, with the possible excepf:m(_j serine Pls, such as soybean trypsin
tion of those derived from hymenopteran-nhibitor, may affect bees more than cys-
active Bt strains (e.g. Benz and Joeresseffine PIs, such as oryzacystatin.

1994), Bt transgene products are very likely |n the absence of quantitative data on
to be safe for honey bees and bumblebeegollen PI expression levels, one must be
Further studies with whole transgeniccautious in drawing conclusions about the
Bt-plants will still be required to check for effects of transgenic plants on bees based
(and eliminate) any inadvertent alterations t@n results of laboratory experiments with
plant phenotype that might affect bees.  purified transgene products. However, if we
assume that the bees in the experiments
R described below received a diet which was

2.2. Protease inhibitor genes 25% protein, then the doses of Pls admin-
istered ranged from 0.004% to 4% of total
protein received. Pl-transgenic plants which
are effectively protected from pest attack

Protease inhibitors (PIs) can be isolate pically have leaf expression levels ranging
from a great number of(natZJraI sources, reir/om 0.05% to 2.5% of total p“’te'ﬂ]' For
resenting plants, animals and microbes. Agxample, rice expressing Q'S to 2% of a
their name suggests, they are proteins Whicﬁgtato Ptl vlvaigrgg |star(11t tot meFtstem borer
inhibit protease activity. When ingested,k.lragg af., di Bpo Iop era |;Jf[alvbere
some Pls can inhibit insect digestive prote- iled by teeding onoeaves of tobacco
olytic enzymes and cause starvation angpressing 0.4 to 1% soybean trypsin

death of the insect (e.g. Steffens et al., 197g)*Mbitor (McManus and ?urgess, 1999),
Gatehouse et al., 1979; Burgess et al., 199 fce expressing 0.05 to 2.5% soyhean irypsin

1994: Johnston et al., 1991, 1993, 1995 rthibitor had improved resistance to brown

Transgenic plants expressing Pls have beefﬂamh?g\?v% (ngi ?égtbégggg' \;meei?c?ver
shown to be protected from pest insect attac p- gro o - .

(Boulter et al., 1990; Hilder et al., 1987; $XPressing 0.07% aprotinin (Voisey et al.,
Johnson et al., 1989; McManus and Burges&,ggg)'

1999). Pls vary in their ability to inhibit  Purified Bowman-Birk soybean trypsin

specific proteases. For example, cysteinmhibitor (BBI) fed to foraging (older)

2.2.1. Tests with purified protease
inhibitors
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honey bees at dose levels of 1, 0.1, 0.01 @oncentrations. At day 8, bees fed BPTI at
0.001 mg/g of sugar syrup had no effect omll concentrations had significantly reduced
bee survival over four days (Belzuncedevels of trypsin, chymotrypsin and elas-
et al., 1994). However trypsin activity lev- tase. At the time of 75% mortality, bees fed
els in foraging bees fed three different doseBPTI at each concentration had reduced
of BBI in syrup for 3.5 days were signifi- trypsin levels, but only those fed the
cantly different from those in control bees.inhibitor at the highest dose had reduced
The lowest BBI dose (0.001 mg/qg) resultecchymotrypsin or elastase activity. At both
in a slight but significant increase in trypsintime points, only bees fed SBTI at the high-
activity, while the two other doses (0.1 andest concentration had lowered trypsin, chy-
1 mg/g) resulted in significant reductionsmotrypsin and elastase activities. These
in activity. In vitro tests in which enzyme results suggest that the observed reductions
extracts from control bee guts were incuin bee survival at the higher Pl dose levels
bated with BBI at a range of concentrationsare in fact the result of a disruption in their
showed an 80% reduction in non-specificability to digest protein. We may also spec-
protease activity and a 100% reduction injjate that the increased levels of LAP rep-
trypsin activity. resent some kind of compensatory mecha-
ism to make up for the loss of proteolytic

Some other studies on the direct effects o? nction in the gut

Pls on bees have used newly-emerged addit
bees (Malone et al., 1995, 1998; Burgess \jgry similar results were obtained with

etal,, 1996). Itis only during these first feWjyaqg fod potato proteinase inhibitor | (POT-1

days of adulthood that honey bees consums. p_|) and potato proteinase inhibitor 1
and need to digest significant amounts ofp 7.2 of PI-11) (Malone et al., 1998).

protein-rich pollen (Crailsheim and StOIberg'Newa-emerged bees were fed each Pl in
1989), so one would expect the impacts of;ihar sugar syrup (2 or 0.1 mg/ml) admin-

Pls to be greater at that “”Je- When fe.d Rstered ad lib, or in a pollen-based food (10
young adult bges_, four different serine r 2 mg/g) which was replaced with con-
endopeptidase inhibitors had dose-depen rol food after eight days. In vivo activities

ent effects on b_ee _s_urwval and many of th f trypsin, chymotrypsin, elastase and LAP
PI1 treatments significantly altered proteas%vere determined at day 3 and at day 8

activity levels in the midguts of these bee§E — L
. nzyme activities were significantly lower
gl\élggo)ne etal., 1995, 1998; Burgess et al'at day 8 than at day 3, except for elastase,
' which did not change. Potato PI-II signifi-

Aprotinin (also known as bovine pan-cantly reduced the activity of all endopep-
creatic trypsin inhibitor or BPTI) and SBTI tidases at both time points, regardless of the
(= SKTI; soybean Kunitz trypsin inhibitor) dose level or the medium in which the
both significantly reduce the survival of beegnhibitor was administered. Potato PI-I acted
fed these Pls ad lib in sugar syrup at 10, & a similar manner, except that 0.1 mg/ml|
or 1 mg/ml, but not at 0.1 or 0.01 mg/mlpotato PI-I in syrup had no effect on bees.
(Malone et al., 1995; Burgess et al., 1996)There was no consistent trend in changes in
In vivo activity levels of three midgut LAP activity. Bees fed either inhibitor at
endopeptidases (trypsin, chymotrypsin and0 mg/g in pollen or at 2 mg/ml in syrup
elastase) and the exopeptidase leucinad significantly reduced survival, with the
aminopeptidase (LAP) were determined foeffect of the pollen treatment being greater
these bees at two time points: the 8th dathan the syrup treatment. Bees fed potato
after emergence and when 75% of bees h&-I or potato PI-1I at 2 mg/g in pollen or
died. LAP activity levels increased signifi- 0.1 mg/ml in syrup had survival similar to
cantly in bees fed with either inhibitor at allthat of control bees.
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Acute toxicity tests similar to those useddiets containing these Pls at 1 mg/ml, and at
to test chemical pesticides, in which 10-day9.1 mg/ml to a lesser extent, significantly
old adult honey bees were either fed oincreased the probability of bee death at a
injected with cowpea trypsin inhibitor given time. Bee gut proteolytic activities
(CpTI), showed that an oral dose oflid were increased when BBI and SBTI were
per bee and an injected dose of @cbper ingested at 1 mg/ml or 0.1 mg/ml, with
bee had no effect on bee survival after 24rypsin activity being increased at both con-
or 48 hours (Picard-Nizou et al., 1997). centrations, and other activities only at the
Tests ofshort. and long-erm txity of 1971 01 blerestigl. new forms ot
BBI, oryzacystatin | (OC-1) and chicken egg BTI were produced. This suggests that bees
white cystatin to honey bees have also beepc | ¥ hp H doses of BBIgg SBTIwil
carried out (Girard et al., 1998). In the Shon_lngestln% 'gh doses o ord g wi "
term test, 15-day-old worker bees were su guverproduce proteinases and thus wi

: . .~ 'require large quantities of amino acids
plied with 11pg of Pl each over a period . ; -
of 24 hours, and then given control syrupqe{i'gﬁdo;crcb’gnd)?%%tgirr?;emi‘;‘h?léiglgﬁﬁwé

None of the treatments resulted in significan?a

bee mortality at 24, 48 or 96 hours. In thd €duced longevity and lower behavioural
long-term test, 2-day-old bees were give esponses of bees fed high doses of BBI or

a continuous sup_ply of syrup with ag/ml BTI.
Pl added and their longevity recorded. There | 3 field experiment with a purified PI,

was considerable variability in bee longevityyyorker honey bees fed for seven days post-
in this test, but no significant effects could besmergence with 2.5 mg/g aprotinin mixed

attributed to the ingestion of these Pls afto pollen-based food and then returned to
this low concentration and bees taken fromnejr hives began to fly and also died about

the long-term test at 15-16 days had levelgyree days sooner than control bees (Malone
of midgut proteolytic activity that did not et a1, 2001).

differ from the controls.

The impact of exposure to sub-lethal
Sandoz (1996) conducted further long oo of Igls on aduﬁ honey bees or bum-
term tests with SBTI, OC-I, BBl and amix- )0 o i ot yet known, but some studies

ture of OC-I and BBI fed continuously to : :
2-day-old bees at concentrations of 1, 0.1 001c one component of foraging behaviour,

> . 5Ifactory learning, have been carried out
0.01 mg/ml. Significant mortality occurred with honey bees that have consumed PIs.
only for bees fed SBTI, BBI or the OC-I/BBI dditi e
. ; . ition of cowpea trypsin inhibitor (CpTI)
mixture at the highest dose level. These ﬂndg‘t 1, 5 or 1Qug/ml to the reward syru
ings were confirmed by Jouanin et(&P98) ' 9 yrup

offered in a conditioned proboscis exten-
who reported that OC- (1, 0.1 or 0.01 mg/mi sion assay significantly reduced the ability

had no effect on short- or long-term honeyof bees to learn this response (Picard-Nizou

Eee d(ilge]:glrkgaelg)gu?v?)a?tallterpeggr(l)qli‘:';l(r:lt(())wel\ég:,n?t al., 1997). In contrast, addition of BBI or
. ' ctory cystatin at the same concentrations did not
ing performance and resulted in overpro-

; . ffect short- or long-term learning ability in
duction of t.he gut proteases, trypsin an(ilS-day-old bees (%irard et al 19998) )I/:ur-
chymotrypsin. ! y

thermore, the learning performances of bees
Additional work has been conducted onthat had been fed ad lib with syrup contain-
the effects of the two serine proteinaséng 26ug/ml of either OC-I or BBI for about
inhibitors, BBl and SBTI (Pham-Delégue 13 days prior to the proboscis extension
et al., 2000). These experiments have showasssay were unaltered by this treatment
that, compared to a control diet containing §Girard et al., 1998). When bees were fed
neutral protein (bovine serum albumin),with SBTI, OC-l, BBI or a OC-1/BBI mixture
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at 1, 0.1 or 0.01 mg/ml for 15 days prior t0“00” line and its transformed derivative with
testing, their learning ability was signifi- a gene encoding the cysteine PI, OC-Il. The
cantly impaired only with the 1 mg/ml BBI number of bees visiting each line and the
treatment (Jouanin et al., 1998; Phamnumber of flowers visited were counted. No
Delegue et al., 2000). significant differences between lines were

The effects of four Pls, BPTI, SBTI, found. Additionally, video recordings were

POT-1 and POT-2. on bumblebee survivainade of the flower scapes. Individual for-

and gut protease activities have also bee®dNd sequences (location on the plant,

determined (Malone et al., 2000). UnlikeP€havioural events such as searching, for-

honey bees, bumblebees consume polleq'gin_g' c_I_eaning)_ were analysed. There were
throughout adult life so that one might™° significant differences between the two

expect protease inhibition to have a differenfiN€S With respect to the total duration of
impact on them. Trials with the four PIs ViSits and the mean time spent on each
mixed into pollen-based food at a range of OWer- Only the frequency of searching
concentrations and fed continuously to aduffVeNts appeared to be higher on the trans-
bumblebees (between 0 and 8 weeks oldfrmed plants.

showed that those fed with SBTI (10 mg/g Research with Pls and bees so far sug-
of pollen-based food) and POT-1 (10 andyests that adult bee gut protease activities
5 mg/g) had significantly reduced survival.may be reduced, with a resultant impact on
Bumblebees fed POT-2 (10 mg/g) had poordbee longevity, when bees ingest these pro-
survival than those fed 0.1 or 0.01 mg/deins. However, the effects will depend on
POT-2. BPTI had no effect. Untreated bum<the specificity of the particular inhibitor and
blebee midguts had elastase-like (283.0 the concentration to which the bee is
9.6 nmol/min/gut), chymotrypsin (148.5 exposed.

+8.4), trypsin (27.2 £ 2.8) and LAP (258.6
* 9.6) activities. Elastase-like and chy-
motrypsin activities were inhibited by SBTI,
POT-1 and POT-2, but not BPTI. Trypsin . . .
activity was reduced by each inhibitor and ©Genes encoding chitin-degrading
LAP activity was unaffected. Thus, like €nZymes have been isolated from a number
honey bees, bumblebees are affected by hig Sources, including plants, insects and
doses of some Pls. The relatively low level&ntomopathogenic micro-organisms (€.g.
of trypsin activity in bumblebee midguts, Bogo et al., 1998; Gatehouse et al., 1997;
compared with those in honey bees, ma§5|rard et al., 1998; Kang et al., 1998; Kim

explain why BPTI did not affect bumble- €t al., 1998; Kramer and Muthukrishnan,
bee survival. 1997). As chitin is an important structural

component in fungi and insects, chitinase
genes have been engineered into plants in
order to protect them from fungal infection

The interactions between foraging honey#nd pest attack (e.g. Wang et al., 1996;
bees and flowering transgenic oilseed rap&atehouse et al.,, 1996, 1997; Ding et al.,
plants expressing OC-I have been investi_—1998)- As with other msects,_chmn is an
gated (Grallien et al., 1995). Experimentémporta”t component of the cuticle of h_oney
were conducted under confinement in a cliP&es and bumblebees. Thus bees might be
matised flight room. Foragers from a One_fetffected by.|ngest|ng chitinases expressed
comb observation hive were given a choicd? transgenic plants.
between five genetically modified oilseed Acute toxicity tests with 10-day-old adult
rape and five control plants at the same flowhoney bees fed sugar solution containing a
ering stage. Plant material was one springhitinase purified from tomato (1dg per

2.3. Chitinase genes

2.2.2. Tests with transgenic plants
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bee) showed that this transgene product hddraging behaviour, in terms of the number
no significant impact on bee survival after 24of flowers visited per bee, of the time spent
or 48 hours (Picard-Nizou et al., 1997). Beesn the plant, or of the number of nectar col-
injected with 1.69ug of chitinase were sim- lection trials per bee.

llarly unaffected. Results so far suggest that bees will not

Using a Standard Conditioned probOScié)e d|reCt|y affeCted by the ChltlnaseS teSted,
extension assay in individual restrained beedlthough the effects of a range of doses have
it was demonstrated that concentrations of 110t yet been ascertained.

5 or 10pg/ml chitinase added to the sugar
reward delivered during the training period,
did not affect olfactory learning perform-
ance (Picard-Nizou et al., 1997). Comple- .
mentary studies were conducted at the Glucanase genes have been isolated from
colony level in a flight room, using an arti- @ number of different plants, where they
ficial flower device (Picard et al., 1991). form an important part of the plant’s
Sucrose solutions, either pure or combinefesponse to attack from fungal pathogens
with 1.3 mg/ml chitinase diluted either 100(€-9. Neuhaus et al., 1992; Chang et al.,
or 1000 times, were presented in a choicé992; Gottschalk et al., 1998). They have
situation. There was no evidence of dislso been isolated from micro-organisms
crimination in the weights of solution col- (€-9. Haapalainen et al., 1998; Okada et al.,
lected. However the number of visits wasL998). Transgenic plants expressfid,3
lower by a factor of four on the protein-glucanase have demonstrated enhanced
added sources, compared to the control soltiesistance to fungal pathogens (Jongedijk
tion. et al., 1995). This protein is highly unlikely
to be harmful to bees, since its substrate,

The foragingl ber:javiour :)f honey beeS{?:j—lB glucan, has not been found in insects.
on transgenic oilseed rape plants engineere i
with a bean chitinase gene under the cony. Purified-1,3 glucanase had no effect on

e 24- or 48-hour survival of adult bees fed
trol of CaMV 35S promoter has been examy o 11 per bee or injected with 0@ of

ined under indoor and outdoor conditions,_. X .
(Picard-Nizou et al., 1995). Two diﬁeren%hésg%ansgene product (Picard-Nizou et al.,

lines each of control and transgenic oilsee
rape plants were used. The transgenic plants As with chitinase, the effects of 1, 5 or
had 20-fold higher chitinase levels in leaved 0 ug/ml 3-1,3 glucanase on bee olfactory
and cotyledons than the controls. The mealearning abilities has also been tested using
number of visits per five flowers did not the conditioned proboscis extension assay
differ significantly between the transgenic(Picard-Nizou et al., 1997). With this pro-
plants and their respective controls, for botftein, a lower resistance to the extinction of
pairs of lines and both experimental condithe conditioned response was found, i.e.
tions. Thus the transformation events didafter training, bees stopped exhibiting the
not seem to have affected foragers’ choicegqroboscis extension response to unrewarded
although significant differences were foundpresentations of the olfactory stimulus more
between the two different breeding linesrapidly than in the control group. At the
under the same conditions (indoor), or forcolony level, the level of visits to feeders
the same pair tested under the two expersf an artificial flower device set in a flight
mental conditions. Individual behaviouralroom, filled with sucrose solution added
sequences recorded by video consistenthyith 110 ug/ml 3-1,3 glucanase diluted
indicated that the transformation of the planbetween 100 and 10000 times was weaker
did not induce a significant effect on beeas the concentration increased. However,

2.4.3-1,3 glucanase genes
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there were no differences in the amounts adind there were no consistent differences in
solution collected that could be attributednectar volume or sugar concentration
to the type of feeder solution presentedetween the two types of plant. There were
(Picard et al., 1991). no significant differences that could be
attributed to plant type in worker bee mor-
tality, foraging activity, foraging preferences
2.5. Biotin-binding proteins or colony health (bee population, brood area,
presence of diseases or hive food stores).
Proteins that bind to vitamins, such as
biotin, represent another category of poten-
tial pest-resistance transgene products (e.g. 2.7 Other genes
Morgan et al., 1993). Genes encoding two
such proteins have been isolated from chick- There are as yet no published reports of
ens (avidin) (Keinanen et al., 1994) and 4he effects on honey bees or bumblebees
bacterium (streptavidin) (Argarana et al.0f other transgenic plants or their protein
1986). Pollen contains between 0.16 angroducts. Of particular interest in this respect
2.4 uM biotin (Schmidt and Buchmann, are genetic modifications aimed at protect-
1992 and personal communicationing plants against pest insect attack, e.g.
Christeller) and bee bread 1.8B! biotin  incorporation of genes encoding lectins (Rao
(personal communication, Christeller). How-€t al., 1998) or spider venom (Penaforte
ever, the role of biotin in honey bee or bumet al., 2000).
blebee nutrition is unknown. Preliminary
toxicity tests with newly-emerged adult
honey bees fed with pollen-based food con- 3. DISCUSSION
taining either 6.7 or 2QM avidin showed
that this protein had no significant impacts Results from tests with bees and trans-
on the rate at which bees consumed thegene products so far suggest that direct
food or on their longevity (Christeller et al., effects of transgenic plants on honey bees
1999). and bumblebees will depend largely upon
the type of transgene and the biological
_ ) activity of the protein it encodes. Thus pro-
2.6. Glufosinate resistance genes teins such as lepidopteran-specific Bt toxins
and glucan-degrading enzymes are
Herbicide resistance is one of the mosextremely unlikely to affect bees. Proteins
commonly-used traits in commercial culti-that target more general aspects of insect
vars of transgenic crop plants (Anon, 1997)biology, such as protease inhibitors or chiti-
Since this resistance operates via the prarases, are more likely to have effects on
duction of an enzyme to break down thebees. In these cases, the dosage of transgene
herbicide and bees lack such substrates, theyoduct ingested by the bee is very likely
are extremely unlikely to be harmed by theséo determine the extent of such effects, if
plants. any.

The impacts on honey bees of transgenic Obviously, the concentration of expressed
herbicide (glufosinate)-resistant oilseed raprotein in the pollen, nectar or resin of the
have been assessed under semi-field condransgenic plant will influence the extent of
tions (Chaline et al., 1999). Bee coloniests impact on bees. Although some pollen
were introduced into tunnel greenhousesnd nectar expression data are available for
containing either transgenic plants, controgenes driven by CaMV 35S promoter
plants, or a mixture of the two. Both culti- (Greenplate, 1993; Anon, 2000), it is clear
vars produced similar numbers of flowersthat even for this well-known promoter a
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better understanding of transgene expreghe toxin was already known to be specific
sion in these plant tissues and secretions fer Lepidoptera, there were no significant
urgently required. Further data will also benegative effects on bee larvae. While this
required for new promoters under developmethodology may be more than adequate
ment, such as wound-inducible or phloemfor assessing the safety of a Bt toxin, the
specific promoters (e.g. Keinonen et al. appropriateness of such a high-dose method
1998; Rao et al., 1998). In the first instancefor other testing other gene products, which
reporter genes such as glucuronidase (GU®)ay not be so specific but may still present
of green fluorescent protein (GFP) could benly an extremely low ecological risk, must
used to gain an indication of likely patternsbe questioned.

of gene expression. If new gene constructs g thermore, the relative pollen exposure
or expression strategies that minimise thesvels likely to be experienced by bee lar-
presence of transgene products in the parige compared with adults, are yet to be com-
of plants that are ingested by honey beegiehensively studied. Young adult bees have
and bumblebees can be developed, then aQy;|early established dietary requirement for
risks to bees from transgenic plants will bepollen (Crailsheim and Stolberg, 1989;
largely circumvented. Crailsheim, 1990) and realistic dosage levels
Standard tests for determining the impact{r @dult bee toxicity tests can be determined
th some knowledge of pollen expression

of transgene products on bees need to : - .
developed and refined. These must have gvels in transgenic plants. However, there is

sound scientific basis and also fulfil the var-2 Paucity of published quantitative data on
ious biosafety legislative requirements ofth® amounts of pollen ingested by bee lar-
the country in which the plants will be V2€ which are known to receive mixtures

grown. It is generally accepted that toxicity© Worker bee glandular secretions and pollen
testing methods developed for chemicafCrailsheim, 1990). Planta (1888, quoted in
insecticides are not entirely appropriate for12ydak, 1943, 1957) reported that the food
testing pest-resistant transgenic plants2f & four-day-old drone larva contained

Unlike a chemical spray, a transgenic p|anpollen at a concentration of 15000 grains
with pollen expression may present the beBe" Mg of food, while the food of worker

with a continuous source of insecticidal pro-arvae of the same age was almost pollen-

tein during the flowering period. To balanceT€€: Further estimations of this type are
required, as is some knowledge of how this

this however, the insecticidal proteins pro- =" )

duced by these plants (e.g. Bt toxins, PIsyares among the different agro-ecosystems

tend to have lower toxicity to bees, fish andVN€re transgenic crops may be grown. With
ese data, more realistic dose levels for bee

mammals than many registered chemicig < X
insecticides, particuiarly those that act a"val toxicity tests can be established.

neurotoxins (e.g. some synthetic pyrethroids Legislative requirements for registration

and organophosphates) (Walton, 2000). of transgenic crop plants will vary from
, ) . country to country and we would hope that
Interestingly, while tests with transgenehe gebate on the scientific merits of the var-
products and transgenic plants and adulbys methodologies proposed continues. As
bees predominate in the published scientifig starting point for discussion, we suggest

literature (see above), the EPA required onlyha¢ any hee-safety testing schedule should
larval toxicity tests for honey bees beforgnc|ude the following:

registering Bt-cotton plants (Anon, 2000). o .
The dosage level of Bt toxin used in these 1- Determination of gene expression lev-
larval tests was 1700 times that expressed ff{S in Pollen, nectar and resin.

Bt-cotton pollen and 10000 times that found 2. Estimation of the highest potential
in Bt-cotton nectar. Not surprisingly, sinceexposure levels for bee adults (workers and
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reproductives) and larvae, given the levels of ACKNOWLEDGEMENTS
expression determined above and the bees’ | pmajone would like to thank the following
potential for gathering and ingesting thepeople for assistance with the experimental work
pollen, nectar and resin of the transgenigvhich generated some of the data presented
plants in question. above: E.P.J. Burgess, J.T. Christeller, H.S.
o Gatehouse, A. Gunson, M. Lester, B.A. Philip
3. Toxicity and sub-lethal effects testsand E.L. Tregidga, all of the Horticulture and
conducted with purified proteins and cagedrood Research Institute of New Zealand Ltd.
bees in the laboratory (or in the field if per-M.H. Pham-Delégue and her French co-work-

mitted), which should include: ers wish to acknowledge support from the EU
o Biotechnology program, BIO4-CT96-0365.
* Determination of effects of a dose of

purified protein corresponding to the high-
est potential exposure level on bee larv

survival and growth al&ésumé — Effets des produits de trans-

génes sur les abeilles domestiqueagis

« Determination of effects of the abovemellifera) et les bourdons Bombussp.).
dose on adult worker bee SUI’ViV:’;\', deVE'Au fur et a mesure qu’un nombre croissant
opment (particularly development of thede plantes transgéniques cultivées sont com-
hypopharyngeal glands, which producemercialisées, il y a un besoin grandissant
secretions for feeding larvae) and behavg'informations concernant leurs impacts sur
iour, particularly that connected with for- |es abeilles domestiquesgis melliferel.)
aging. et les bourdonsBombussp.). Des effets

« Determination of effects of the abovedirects sur les insectes peuvent provenir de
dose on queen bee survival, fertility and'ingestion de protéines codées par les trans-

possibly pheromone production. genes, s'ils s'expriment dans le pollen, le
nectar ou les résines. Des effets indirects

euvent arriver si la transformation de la
lante modifie par mégarde le phénotype
de la fleur. Cette mise au point résume les
The toxicity tests should be conductedconnaissances actuelles sur les effets de I'in-
first. If there is significant toxicity at the gestion d’un produit de transgene sur les
highest dose, then the effects of lower, reakffets de la physiologie de l'intestin moyen
istic doses should also be determined.  des abeilles adultes, sur la consommation
4. Determination of flower attractivenesslimentaire, le comportement d'apprentis-
(e.g. nectar volumes, nectar sugar concery29€ olfactif etla longévite.
trations, flower structure) as part of theles tests des toxines de Bt purifi€, CrylAc,

selection of transgenic plant lines for releaséz'y1Ab, Cry1Ba, Cry3A et Cry3B, n'ont
pas montré de toxicité pour les larves

5. Confirmation of results obtained in 4.5 ejjles domestiques et les adultes. Un
laboratory tests via field tests, preferablyoq; ap champ avec des colonies d’abeilles

with transgenic plants rather than puriﬁeddomestiques dans un champ de mais trans-
proteins.

génique n'a montré aucuns effets négatifs
Finally, the information obtained above sur les performances de la colonie. Les tests
should be used to assess the risks posed ayec les inhibiteurs de protéase (IP) puri-
the transgenic plant in question in relation tdiés ont montré que les IP a sérine peuvent
the risks to bees of continuing with the curinhiber les protéases de l'intestin moyen des
rent agricultural practice that the plant isabeilles domestiques et des bourdons et, a
designed to supplant (e.g. chemical or bioeoncentrations élevées, cela peut causer une
logical insecticides, fungicides or herbi-réduction de la longévité des insectes
cides). adultes. Les Pl a cystéines, telles que

 Determination of effects of the above
dose on drone survival and possibly sper
production.
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I'oryzacystatine, sont moins susceptiblesinbeabsichtigte Veranderungen des Erschei-
d’'affecter les abeilles. Lors d’expériencesnungsbild der Bluten durch die Transfor-
avec des abeilles domestiques et des plantegtion der Pflanzen entstehen. Hier wird
transgéniques a IP en fleurs, il n’y a pas eeine Ubersicht tiber derzeitige Befunde zu
de différence dans le comportement de butden Auswirkungen der Aufnahme gereinig-
nage sur les plantes transgéniques et sur les transgener Produkte auf die Physiologie
témoins non transgéniques. des Darmes adulter Bienen, auf die Menge
Il n'y a pas encore de données publiéeder Futteraufnahme, auf das Erlernen der
concernant les tests de toxicité des IP pouduftstoffe und auf die Lebensdauer gege-
les larves d’abeilles. La toxicité et les testden.

d'apprentissage olfactif avec des abeilleg)nersychungen mit den gereinigten Bt Gif-
d_omestiqu.els: adultes ont montré qu'une C,hifen CralAc, CrylAb, Cry1Ba, Cry3A und
tinase purifiee n'a aucun effet, ce qui a ety 3 zeigten keine Giftigkeit fur Honig-
confirmé par un test avec des colzas trangsenenlarven und adulte Bienen. Ein Frei-
géniques a chitinase. La toxicité et les testsgtest mit Honigbienenvélkern in einem
de comportement d'apprentissage olfactifransgenen Cry1Ab Maisfeld zeigte keine
effectués avec une glucanase purifiée offegativen Auswirkungen auf die Volkslei-
montré la méme absence de toxicité poutyngen. Veersuche mit gereinigten Protease-
les abeilles domestiques adultes. Une prqppipitoren (PI) haben gezeigt, dass serine
téine fixant la biotine purifiée n'a eu aucunpg Darmproteasen bei Honigbienen und
effet sur les abeilles adultes. Des colzag;mmeln hemmen kénnen. In hohen Kon-
résistants a I'herbicide glufosinate n’ont eW,anirationen kann dies zu einer Verminde-
aucun impact sur la mortalité des abeillegyng der Lebensdauer fiihren. Bei Cystein
domestiques, ni sur la santé de la colonigss wie Oryzastatin ist eine Auswirkung auf
ni sur le comportement de butinage ergjenen weniger wahrscheinlich. In Experi-
champ. Jusqu'a present,_les résultats sUg9kenten mit Honigbienen in bliihenden PI-
rent que 'évaluation de lmpact des plantes,ansgenen Pflanzen traten im Vergleich zu
transgeniques sur les pollinisateurs neécegyichi-transgenen Pflanzen keine Unter-
sitera une analyse au cas par cas du ge€Bhiede im Sammelverhalten auf. Publizierte
concemé et dépendra de son expression d§fgten gber Toxizitatstests mit Pls stehen
les parties de la plante ingérée par le§och nicht zur Verfligung. Versuche Uber
abeilles /insectes. Toxizitat und dem geruchlichen Lernver-
halten mit adulten Bienen haben gezeigt,
dass gereinigte Chitinasen keine Auswir-
kungen haben, dies wurde mit einem Test
mit transgenen Chitinase-Olrapssamen-
pflanzen bestatigt. Teste zur Toxizitat und
dem olfaktorischen Lernverhalten mit gerei-
Zusammenfassung — Auswirkungen nigten Glukanasen zeigen eine ahnliche
transgener Erzeugnisse auf Honigbienen Ungiftigkeit auf adulte Bienen. Ein gerei-
und Hummeln. Durch die vermehrte Nut- nigtes Biotin-bindendes Protein hatte keine
zung transgener Pflanzen besteht ein zuneuswirkungen auf adulte Honigbienen. Her-
mender Informationsbedarf Uber ihre Aus-bizid (Glufosinat) resistente Rapspflanzen
wirkungen auf Honigbienen und Hummeln.hatten keine Auswirkungen auf die Honig-
Direkte Wirkungen auf Bienen kdnnenbienensterblichkeit, die Gesundheit der Vol-
durch die Aufnahme von transgen codierker oder das Sammelverhalten im Freiland.
ten Eiwepen entstehen, wenn diese im PolDie bisher vorliegenden Ergebnisse legen
len, Nektar oder Harzen exprimiert werdennahe, dass die Auswirkungen transgener
Indirekte Auswirkungen kénnten durch Pflanzen auf Bestauber Einzelfallanalyse

Apis mellifera / Bombus terrestrisplante
transgénique /Bacillus thuringiensis/
inhibiteur de protéase
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der betroffenen Gene und ihrer ExpressioBurgess E.P.J., Stevens P.S., Keen G K., Laing W.A.,

in den von den Bienen aufgenommenen
Pflanzenteilen bedarf.

Apis mellifera/ Bombus terrestrig trans-
gene Pflanzen Bacillus thuringiensis/
Proteinhemmer
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