ABSTRACT

Borrelia burgdorferi is a spirochetal bacterium that causes Lyme
disease, which is the most prevalent tick-borne disease in North
American and Eurasia. Notable, this pathogen displays unique
endoflagellar motility to efficiently disseminate through dense host
tissues, and eventually persist within target tissues to cause inflam-
mation-associated disease. Unfortunately, the importance of differ-
ent B. burgdorferi virulence mechanisms, particularly those in-
volved in bacterial motility/chemotaxis, cannot be accurately
assessed in vitro since the complexity of the host tissues cannot be
appropriately replicated for this obligate parasite. Hence, our initial
goal was to develop intravital microscopy techniques that allow
direct observation of fluorescent B. burgdorferi within the intact
ear skin of living mice, including distinguishing specific motility
parameters and B. burgdorferi-interactions with host immune cells.
Our analyses determined that B. burgdorferi injected into murine
skin undergo massive proliferation between Days 3-5, followed by
a rapid decrease to a stable low level by Day 12; these levels are
maintained for >2 years. B. burgdorferi move continuously within
skin tissues, primarily in a back and forth motion that is inter-
spaced with directed runs, and achieve average velocities of
>200um/min throughout most of the infection, which is >40x
faster than any observed immune cell in those tissues. Neutrophils
were observed to migrate into infected tissues within 2-6h post-
infection, but these numbers decreased between 48-72h even
though the B. burgdorferi numbers continued to increase. Thus, we
were unable to distinguish whether the decrease in B. burgdorferi
numbers observed after Day 5 post-infection was due to clearance
by the initial inflammatory responses versus the activities mediated
by B. burgdorferi-specific antibodies that reach significant levels
around 5-7 days post-infection. However, our intravital techniques
appear to provide an improved and excellent model for accurately
dissecting B. burgdorferi virulence mechanisms in vivo.

We then focused on determining the relative im-
portance of spirochetal motility and chemotaxis for evasion of
immune clearance using B. burgdorferi mutants that lacked either
MotB (a motor protein required in flagellar rotation; AmotB) and
CheY3 (a chemotaxis response regulator; AcheY3), respectively. In
vitro, the AmotB mutant is non-motile whereas the AcheY3 mutant
is motile but unable to reverse direction. AmotB B. burgdorferi did
not possess the characteristic spirochetal shape as motor rotation
was necessary for forming the endoflagellar ribbon, as shown by
cryo-ET. Even in vivo, AmotB was non-motile and was cleared
from all tissues by <96h post-injection. In vivo, AcheY3 B.
burgdorferi retained the spirochetal shape but not the motility
pattern of wild-type (WT) B. burgdorferi; the mutants displayed
rapid velocities, but were unable to reverse directions and were
cleared from all tissues by Day 5 post-injection. Interestingly,
AmotB-infection elicited very few B. burgdorferi-specific antibod-
ies, whereas Ache3 elicited similar B. burgdorferi-specific anti-
body levels as WT through 28-days post-injection, but did not
increase further compared to WT B. burgdorferi infection. Nota-
bly, the complexity of antigens recognized by AcheY3-elicited
antibodies was less than WT, but contained antibodies against
many proteins expressed by WT B. burgdorferi in vivo. These
findings suggest that both motB and cheY 3 are essential for B.
burgdorferi persistence, and that AcheY3 B. burgdorferi may serve
as a vaccine to protect against Lyme disease.
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