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Genetic- and culture-based tools for studying Bacteroides fragilis
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ABSTRACT The relatively limited availability of genetic tools has hampered mechanistic 
studies of Bacteroides fragilis, an opportunistic anaerobe that constitutes 1%–5% of the 
gut microbiota in healthy humans. Here we describe novel vectors for B. fragilis gene 
deletion and expression as well as a semi-defined media for cultivation of B. fragilis str. 
P207.
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L imited genetic tractability of newly isolated bacteria has hindered their study. Here 
we describe additional tools for genetic manipulation of the gut microbe Bacter­

oides fragilis, specifically the strain P207 which was isolated from an inflamed ileoanal 
pouch (1–5). In this announcement, we build on work by other researchers (6–13) and 
report the construction of a semi-defined growth medium as well as novel plasmids for 
mechanistic studies in B. fragilis, which include vectors for constitutive and inducible 
expression that have versatile multiple cloning sites as well as options for C-terminal 
3xFLAG tagging and/or N- and C-terminal fluorescent protein fusion.

Genetic-based tools

We enhanced the multiple cloning cassette (mcs) of the allelic exchange vector created 
by García-Bayona et al. (Fig. 1A and B) using a derivation of the mcs regions in the 
pCOLADuet1 vector (Novagen, Millipore Sigma) (6). We also generated a series of 
replicating (RepA) and integrating vectors (IntN1; Fig. S1B through D) (14, 15). Each 
vector series has optional C-terminal 3xFLAG tag fusion (Table 1) as well as options for 
N- and C-terminal fusion with the fluorescent proteins mScarlet-I, mNeonGreen, and 
iLOV. Since B. fragilis is an anaerobic organism, fluorophores such as mNeonGreen and 
mScarlet-I require aerobic recovery to stimulate maturation (16). While we had some 
success with obtaining mNeonGreen fluorescence after 1 hour of aerobic recovery, 
mScarlet-I, which has a longer maturation time, requires further troubleshooting. The 
anaerobic fluorescent protein iLOV also requires optimization due to low fluorescent 
signal.

Culture-based tools

Due to poor growth of B. fragilis str. P207 in an established defined medium (i.e., M9S; 
see supplemental methods), we optimized growth media composition by predicting 
auxotrophies using the fba_tools application in KBase (17–19). This identified putative 
auxotrophies for siroheme, L-valine, and putrescine. We also found predicted auxotro­
phies for B. fragilis strains NCTC9343 and 638R which included L-valine as well as other 
amino acids. Since supplementing with single branched-chain amino acids suppresses 
growth (20), we supplemented M9S with 1% casamino acids, which significantly 
improved culture density across all strains (Fig. 1C).

We provide primer sequences to substitute antibiotic resistance genes as well 
as expression promoters, if others wish to expand upon these vectors. The fluores-
cent proteins can also be transferred into any of the other promoter vectors using 
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FIG 1 (A) A graphical summary of allelic exchange, replicating and integrating vectors designed in this study. (B) A representation of multiple cloning sites A–E. 

An asterisk/italic font indicates that the site appears more than once in the MCS. (C) OD600 growth measurements of B. fragilis strains P207, NCTC9343, and 638R 

grown in BHIS, M9S, or M9S + 1% (wt/vol) casamino acids.

TABLE 1 Vectors and sequencing primers

Vector ID Maintenance Promoter Selection Features AddGene ID

pMS01 Allelic exchange no inserted promoter ermC aTC-inducible bfe1 counterselection 230064
pMS02 Integrating Constitutive ermF C-terminal 3x-FLAG 230066
pMS03 Replicating 230937
pMS04 Integrating aTC-inducible 230068
pMS05 Replicating 230069
pMS06 Integrating Rhamnose-inducible 230070
pMS07 Replicating 230071
pMS08 Integrating Constitutive N- or C-terminal fusion with mScarletI; C-terminal 3x-FLAG 230072
pMS09 Integrating Constitutive N- or C-terminal fusion with iLOV; C-terminal 3x-FLAG 230073
pMS10 Integrating Constitutive N- or C-terminal fusion with mNeonGreen; C-terminal 3x-FLAG 230074
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pre-designed primers. As fluorescent protein use continues to be an ongoing challenge 
in anaerobic organisms, we hope that these vectors will facilitate the further optimiza­
tion needed.

ADDENDUM

Although we were unable to cultivate B. fragilis strains, including P207, in a defined 
medium lacking amino acids, prior studies have demonstrated that B. fragilis can grow 
under fully anaerobic conditions in media supplemented with cysteine but without 
additional amino acids (6, 21–24). B. fragilis has also been cultivated in anaerobic defined 
media supplemented only with methionine and cysteine (25). We expect that strain 
P207 is similarly capable of growth under these conditions. However, in our experi­
ments, cultures were exposed to oxygen during preparation and only transferred to the 
anaerobic chamber after inoculation. This likely impaired growth by oxidizing dihydrox­
yacid dehydratase (23), which is required for branched chain amino acid biosynthesis.
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DATA AVAILABILITY

You can access the vectors and their sequences via AddGene (#230064-230066, 
230068-230074, and 230937). In addition, you can find vector maps and 
sequences, primers (Table S1), and methods on GitHub (https://github.com/mschni­
zlein/bfrag_genetictools).
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