A scientific note on the lactic acid
bacterial flora within the honeybee
subspecies Apis mellifera (Buckfast), A.
m. scutellata, A. m. mellifera, and A. m.
monticola

Tobias C. Olofsson, Algjandra Vasguez,
Diana Sammataro & Joseph Macharia

Apidologie

Official journal of the Institut
National de la Recherche
Agronomique (INRA) and
Deutschen Imkerbundes e.V.
(D.1.B.)

Volume 40 January 2011

ISSN 0044-8435

Apidologie
DO I 10 b 1007/ Ga. Nam qui quia volupta tuscil ipsa coribus demquam alibus.. .. ....................0 515
813592'011'0064'2 Ovit, te sam, ipsam que latem ulparibus quati cone voluptaquis parchil etusae. .......... 535

Neque poriorundit, temped que odipsa sit liam, sint ipsum vel estiis exero escitiis
sequo te magnate audantiat pla volupiet pellit quam, ium num cuptam ................ 542

ISSN 0044-8435

Apidologie 40 (5) 515-594

ad ut pratem harchic iducien ihillup taerior santion secate nis aceprat iuribus........... 555

Nsequi cus et asperis essimodis maios simin non repreici dest es quas dolor magnihilique
doluptam etur, quibusd amenis nim sit officia consectur arci nat et ea vendus reiumqu
amusciament liqui debis doles est ab ipsa aut landandel magnam imagnima . .

peditia doloresciis doluptur aligenet ma dollenia digendam nectem fugit alique litatiur aut

€5 Ma verum et as eseque nosaperc fasped eost, to mill pra perorem nitiani

scimintis aut aut quatiorrum et inum que quos et velibus . ........... ... ... .. ... 562
Alit aligeni maximus aut rem faccum fugit, iuntiust, si dipit haris et anis sae volutem .. . .. 563
Olorisc ilib ios doluptatus iendem veniet la cus et erum ea inverfernate .. .. ... 557

Voluptur sim rest, sequo dis doloratem ex explaut lit harum eium sime moluptaque cus,
consequatus, sedio voloreris atiaecto in num hicidic te maximusae . ................... 572

Gniandi rempos sit officiis dolupta mendam, secto blandam volo bereperiam qui deles
ulliquibus, toruptatque vent ulparum num illa dipiet que sequam fugitatiorae .......... 575

Di con estiis quia sed quunt que dolupti sitatquae parchit unt endebiti des nis ulpa
oL T B B L 592

To milluptas pra perorem nitiani scimintis aut aut quatiorrum etinum. ................

D springer D= Q= WINA

emeins
der Institute far
Blenenforschung

ey,

@ Springer



Your article is protected by copyright and

all rights are held exclusively by INRA, DIB-
AGIB and Springer Science+Business Media
B.V.. This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
work, please use the accepted author’s
version for posting to your own website or
your institution’s repository. You may further
deposit the accepted author’s version on

a funder’s repository at a funder’s request,
provided it is not made publicly available until
12 months after publication.

@ Springer



Apidologie

Scientific note

© INRA, DIB-AGIB and Springer Science+Business Media B.V,, 2011

DOI: 10.1007/513592-011-0064-2

A scientific note on the lactic acid bacterial flora within the honeybee
subspecies Apis mellifera (Buckfast), A. m. scutellata, A. m. mellifera,

and A. m. monticola

Tobias C. OLOFssON', Alejandra VAsQuez!, Diana SAMMATARO?, Joseph MacHARIA®

"Microbiology Laboratory at Campus Helsingborg, Department of Cell and Organism Biology, Lund University Campus
Helsingborg, Rénnowsgatan 6, PO Box SE-25108, Helsingborg, Sweden
2USDA-ARS Carl Hayden Honey Bee Research Centre, Department of Entomology, University of Arizona, 2000 East Allen

Road, Tucson, AZ 85719, USA

3Research Production and Extension, Jomo Kenyatta University of Agriculture and Technology, P O Box 62000-00200, Nairobi,

Kenya

Received 17 August 2010 — Revised 16 February 2011 — Accepted 16 February 2011

Lactobacillus | Bifidobacterium | Apis mellifera | co-evolution / 16S rRNA genes

It was discovered by Olofsson and Vasquez (2008)
that a novel lactic acid bacteria (LAB) microbiota
with numerous LAB, comprising the genera
Lactobacillus and Bifidobacterium, live in a sym-
biotic relationship with honeybees (4pis mellifera)
in their honey stomach. The study was conducted in
Sweden with bees bred according to the Buckfast
system. A repetitive study by Vasquez et al. (2009a,
b) on A. mellifera and Apis mellifera scutellata was
conducted in the USA near the Carl Hayden
Honeybee Research Centre (Tucson, AZ), showing
a microbiota composed of the exact same bacterial
phylotypes.

An erratum was later published on the latter study,
stating that trinomial subspecies epithets of collected
honeybees should refer to populations sampled
within the endemic range of a recognized subspecies,
which was not done in that case. The correct
denomination for this bee source should have been
African-derived A. mellifera, frequently also referred
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to as Africanized honeybees or New World African
bees, instead of Apis mellifera scutellata. In theory, a
honey stomach LAB microbiota in the African-
derived 4. m. scutellata could be different from the
original 4. m. scutellata sampled in Africa. In the
present study, a comparison of the LAB microbiota in
the honey stomachs of the subspecies 4. m. scutel-
lata, Apis mellifera mellifera, Apis mellifera mon-
ticola, and the subspecies mix A. mellifera bred
according to the Buckfast system was conducted. The
purpose was to investigate whether subspecies of A.
mellifera that evolved on different continents share
the same phylotypes or strains of indigenous LAB
microbiota in their honey stomachs. All of the bee
subspecies were sampled within their respective
endemic range of the recognized subspecies, except
for the Buckfast bee (which is a mixture of many 4.
mellifera subspecies, primarily A. m. mellifera and
Apis mellifera ligustica).

Samples of bees, fresh bee bread, bee pollen, and
unripe honey from the subspecies A. m. scutellata
and A. m. monticola were collected from the
Kakamega rainforest, Kenya, and express shipped to
Sweden. Samples from the native bee 4. m. mellifera
were retrieved from a conservation project in Sweden
called Nordbi. We analyzed this variety of samples
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since the bees add their LAB microbiota from their
honey stomach to bee pollen, bee bread (Vasquez and
Olofsson 2009), and nectar during honey production
(Olofsson and Vasquez 2008). From each colony, the
bacterial cultivation was conducted from ten pooled
honey stomachs of incoming foragers, 1.0 g of honey,
1.0 g of bee bread, and from bee pollen of the legs of
five foragers. At the laboratory in Sweden, a total of
173 bacterial isolates from A. m. scutellata, A. m.
mellifera, and A. m. monticola (Table I) were
identified by their 16S rRNA genes (methods of
Olofsson and Vasquez 2008). Seventy-three were
previously identified honey bee LAB, and 27 of those
were unique (Figure 1).

Previous results from 16S rRNA gene sequencing of
the honey stomach LAB from the Buckfast bees were
included, but not the sequences of the American
samples from the same study Vasquez et al. (20092, b)
since they were nearly identical. Additionally, the
American bees were not regarded as endemic A.
mellifera subspecies.

The results revealed that all studied honeybee
subspecies of A. mellifera probably share the
same Lactobacillus and Bifidobacterium phylotypes
(Figure 1). Presently, 13 phylotypes have been
identified from the most extensively studied A.
mellifera, the Buckfast bee (clusters 1 to 12 in
Figurel). Phylotypes Bin2 and Hma3 in cluster 3 are
not readily separated since the main differences in
the 16S rRNA gene occur in the second half of the
gene, which is not used in this study. All phylotypes
are represented by bacterial strains derived from two
to four A. mellifera subspecies (Figure 1). Never-
theless, absent strains may be recovered by a more
extensively performed study since the different
phylotypes of the bees’ LAB microbiota vary in
numbers by the bees’ health conditions, sample

times, and food sources. In this study, a new
Lactobacillus phylotype (cluster 11) was isolated
and includes strains Fhon13 (Buckfast, Sweden) and
bbtl (4. m. scutellata, Kenya). Another novel
Lactobacillus phylotype (bbr24, cluster 7) was
found only from samples of 4. m. scutellata. As
expected, the similarities and divergences of the
bacterial strains among the discovered LAB phylo-
types seem to reflect the similarities and divergences
among the bee subspecies included in this study. It
points in the direction that the composition of
bacterial symbionts, in this case the LAB micro-
biota, reflects the changes in evolution of the A.
mellifera subspecies.

In the study of Vasquez et al. (2009a, b), phylotypes
belonging to the Pasteurellaceae tamily were obtained
from both Swedish and American honeybee samples.
However, such phylotypes were not found in the
present study from samples of A. m. scutellata, A. m.
mellifera, or A. m. monticola.

One of the key issues in the present study was
to clarify whether subspecies of the honeybee A.
mellifera harbored a similar LAB microbiota within
their honey stomach. As we have shown, subspecies
of 4. mellifera share exactly the same LAB
phylotypes in their honey stomach microbiota
despite the fact that Buckfast is a mix of many
different A. mellifera subspecies and that bee
subspecies from different continents were compared.
Furthermore, the results indicate that A. mellifera
subspecies may host subspecies-specific LAB
strains. Our results display—for the first time—a
plausible co-evolution of LAB symbionts as the
strains within phylotypes that represent the diver-
gences and similarities within the investigated A.
mellifera subspecies. Yet, a more extensive sampling
must be undertaken to confirm these results.

Table I. Number of identified bacterial isolates sampled from bees or bee food from the different 4. mellifera
subspecies either from colonies in an apiary or from wild colonies.

Bee subspecies Honey stomach Honey Bee pollen Bee bread Number of colonies
A. m. mellifera 25 1 5 0 1
A. m. scutellata 33 21 24 12
A. m. monticola 32 0 32 0 1

#Wild colonies
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Figure 1. Phylogenetic tree based on a distance matrix analysis of 748 positions in the 16S rRNA gene. The
phylotypes characterized in the previous study are displayed in bold print. Clusters 1-13 display the LAB
phylotypes. Bifidobacteria is represented in clusters 1-3 and lactobacilli in clusters 4—12. The Pasteurellaceae
group (cluster 13) served as the out-group. The characteristic trinominal subspecies epithets are in bold print,
the accession numbers in parenthesis. Bar 5-bp changes. The bacterial 16S rRNA gene sequences were
deposited in GenBank using the displayed accession numbers.
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