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ABSTRACT Wolbachia pipientis is an intracellular symbiont that modifies host bio-
logy using a type IV secretion system to inject bacterial effectors into the host cyto-
plasm. We utilized a bioinformatics approach to predict Wolbachia effectors and
cloned the candidates into an entry vector, which can be utilized for subsequent
analyses.

Wolbachia pipientis is the most prevalent infection on Earth and is increasingly
promoted for its use in disease vector control (1). Due to both the direct effects

that Wolbachia may have on the transmission of human pathogens (2) and the myriad
effects Wolbachia has on insect populations (3), it is important that we identify the
mechanisms for symbiosis between Wolbachia spp. and their hosts. Although the type
IV secretion system has long been hypothesized to be involved in host interaction (4),
we conducted the first large-scale screen for effector proteins likely used by Wolbachia
to manipulate host cell biology (5). Our research generated a set of candidate effectors,
publicly available as a resource for further studies. The generation of the plasmid library
is described as follows.

Wolbachia open reading frames from the wMel genome were subjected to a
BLAST search against the NCBI nr database (accessed April 2012) using TBLASTN
v2.2.25� with default options. In addition, we also performed a search of the
Pfam-A database (v26.0) using hmmscan v3.0 with default options (http://hmmer
.org), identifying Wolbachia proteins with homologies to domains enriched for eu-
karyote membership. In addition to proteins with eukaryotic homologies, we also
included Wolbachia proteins specific to the genus. We then culled the proteins that
were predicted to be made up of �200 amino acids in order to enrich the data set for
true open reading frames.

We targeted the resulting 164 loci from the wMel genome for amplification using
modified forward primers to facilitate cloning by means of the Invitrogen Gateway
pENTR/D-TOPO system (see reference 5 for more detail). As described in the user
manual, blunt-end PCR products were directionally cloned into the pENTR/D-TOPO
vector using the TOPO cloning reaction (Fig. 1A) and transformed into Invitrogen
One Shot Top10 chemically competent E. coli cells using standard protocols.
Transformants were plated on selective plates containing LB medium supple-
mented with kanamycin (LBkan). Colonies were selected and positive transformants
were sequence verified to confirm that the protein products were in frame and
correctly cloned.

A total of 108 pENTR/D-TOPO clones (in 100 �l of LBkan with 25% glycerol) are
included in the plasmid library on two 96-well plates (see Fig. 1B for insert accession
numbers and locations on plates). Plates are stored at �80°C.

Data availability. Requests for the resource should be directed to the correspond-

ing author, Irene L. G. Newton (irnewton@indiana.edu).

Received 4 June 2018 Accepted 6 June
2018 Published 12 July 2018

Citation Newton ILG, Sheehan KB. 2018.
Gateway entry vector library of Wolbachia
pipientis candidate effectors from strain wMel.
Microbiol Resour Announc 7:e00806-18.
https://doi.org/10.1128/MRA.00806-18.

Editor John J. Dennehy, Queens College

Copyright © 2018 Newton and Sheehan. This
is an open-access article distributed under the
terms of the Creative Commons Attribution 4.0
International license.

Address correspondence to Irene L. G. Newton,
irnewton@indiana.edu.

CULTURE COLLECTIONS/
MUTANT LIBRARIES

crossm

Volume 7 Issue 1 e00806-18 mra.asm.org 1

http://hmmer.org
http://hmmer.org
mailto:irnewton@indiana.edu
https://doi.org/10.1128/MRA.00806-18
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:irnewton@indiana.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00806-18&domain=pdf&date_stamp=2018-7-12
http://mra.asm.org


ACKNOWLEDGMENT
This work was supported by grant NSF IOS 1456545 to I.L.G.N.

REFERENCES
1. LePage D, Bordenstein SR. 2013. Wolbachia: can we save lives with a great

pandemic? Trends Parasitol 29:385–393. https://doi.org/10.1016/j.pt.2013
.06.003.

2. Moreira LA, Iturbe-Ormaetxe I, Jeffery JA, Lu GJ, Pyke AT, Hedges LM, Rocha
BC, Hall-Mendelin S, Day A, Riegler M, Hugo LE, Johnson KN, Kay BH, McGraw
EA, van den Hurk AF, Ryan PA, O’Neill SL. 2009. A Wolbachia symbiont in
Aedes aegypti limits infection with dengue, chikungunya, and Plasmodium.
Cell 139:1268–1278. https://doi.org/10.1016/j.cell.2009.11.042.

3. Werren JH, Baldo L, Clark ME. 2008. Wolbachia: master manipulators of

invertebrate biology. Nat Rev Microbiol 6:741–751. https://doi.org/10
.1038/nrmicro1969.

4. Pichon S, Bouchon D, Cordaux R, Chen L, Garrett RA, Greve P. 2009.
Conservation of the type IV secretion system throughout Wolbachia
evolution. Biochem Biophys Res Commun 385:557–562. https://doi.org/
10.1016/j.bbrc.2009.05.118.

5. Rice DW, Sheehan KB, Newton ILG. 2017. Large-scale identification of
Wolbachia pipientis effectors. Genome Biol Evol 9:1925–1937. https://doi
.org/10.1093/gbe/evx139.

attL2

attL1

N
ot
I

As
cICCC  T T CACC 

GGG AAG TGG
AAG GGT
TTC CCA

WEG

Kanamycin

pU
C 

or
i

pENTRTM/D-TOPO 
WEG Constructs

(A)

(B)

FIG 1 (A) Plasmid map for pENTRTM/D-TOPO (Invitrogen) constructs containing Wolbachia eukaryote-
like genes (WEGs) and (B) organization of insert library with Wolbachia WEG accession numbers indicated.
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