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Using nanotechniques to explore the adhesion and extension properties of

Klebsiella pneumoniae type 3 fimbriae

Student : Chia-Han Chan Advisors - Dr. Long Hsu

Department of Electrophysics
National Chiao Tung University

ABSTRACT

Fimbriae exhibiting flexible and stretchable properties similar to springs may aid bacteria in
remaining attached to host cells by reducing the impact of the flushes in environment. Klebsiella
pneumoniae 1S a common pathogen.causing both pneumonia and urinary tract infections. Most
pathogenic Klebsiella pneumoniae-strains produce type 3 fimbriae, which are critical for bacterial
biofilm formation. In this thesis, we. investigated the structural and mechanical properties of
Klebsiella pneumoniae type 3 fimbriae, which constitute a known virulence factor for the bacterium,
and to identify residues in the major pilin MrkA important for pilus assembly. Type 3 fimbria was 1
micron in length, and the largest diameter was 7.4 nm and the smallest was 4.2 nm, have an
elliptically cylindrical structure with the largest diameter and smallest diameter of each ellipse-like
cross section in fimbrial structures by using transmission electron microscopy. We present type 3
fimbriae MrkD adhesin variants, mrkDV3-,was the best-adhesin, and the adhesive force between
mrkDV3-expressed fimbriae and collagen IV is about 4°pN.The force-extension curve of type 3

fimbria exhibited a three-phase * (1) the first spring-like phase stretched with increasing force, the

spring constant kp of 60.9 N/um, the estimated Young’s moduli (E) were 100-Mpa, (2) the second
uncoiling phase, it started to uncoil and extended several micrometers at a fixed force of 66 + 4 pN,
and (3) the final nonlinear phase with a characteristic force of 102+ 9.8 pN at the inflection point. In
addition, we screened twelve critical residues on major pilins MrkA of type 3 fimbriae. By contrast,
the G189A mutant remained capable of producing normal amounts of fimbriae. Further investigating
the mechanical properties of the G189A fimbriae revealed that the uncoiling force for MrkA-MrkA
interaction varied from 58 pN to 67 pN rather than be constant like the uncoiling force of 66 pN
measured from the other mutants or wild type. The work has provided a method that allows us to
understand of the biomechanical function of different types of pili. The investigation of pili brings
information for the design of new drugs to prevent bacterial infections, which is increased bacterial

resistance towards antibiotics.
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L rerrrrrt ] e >
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[ — ) | S— —
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papA(100) KLAFTGPIVNGHSDELDTNGGTG———————————————— TAIVVQGAGKNYY
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2 ¢ Lr fER T ARF DA Ao ¢ hE-E 424 0T 47 A F oot Rdr B-4BAR R R 7
G oni Pk L E R oih § CAREA o B WA P R AL D ¢ R A R s
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Strains

Primer

Sequence 5'—3’

G30A

F34A

V38A

V45A

S46A

C87A

G189A

N192A

T196A

Y197A

1199A

Q202A

SL1073
SL1074
SL1075
SL1076
SL1091
SL1092
SL1095
SLE1096
SL1097
SL1098
SL1079
SL1080
SL1099
SL1100
SL1101
SL1102
SL1103
SL1104
SL1081
SL1082
SL1105
SL1106
SL1085
SL1086

AATGTTGGCGGCGCCCAGGTTAATTTCTTCGGTA
TACCGAAGAAATTAACCTGGGCGCCGCCAACATT
GCGGCGGCCAGGTTAATGCCTTCGGTAAAGTTAC
GTAACTTTACCGAAGGCATTAACCTGGCCGCCGC
AATTTCTTCGGTAAAGCTACCGATGTATCCTGT
ACAGGATACATCGGTAGCTTTACCGAAGAAATT
TGTATCCTGTACTGCTTCCGTTAACGGCCA
TGGCCGTTAACGGAAGCAGTACAGGATACA
TGTATCCTGTACTGTAGCCGTTAACGGCCAGG
CCTGGCCGTTAACGGCTACAGTACAGGATACA
ACCGAAATCTTTCACCGCTGACGTCTCTAACTGCCA
TGGCAGTTAGAGACGTCAGCGGTGAAAGATTTCGGT
CACGGTAACCACCGCTGTGGTTAACAGC
AGCTGTTAACCACAGCGGTGGTTACCGTG
CACCGGTGTGGTTGCCAGCTACGCGACTTA
TAAGTCGCGTAGCTGGCAACCACACCGGTG
GTGGTTAACAGCTACGCGGCTTACGAAATTACTT
AAGTAATTTCGTAAGCCGCGTAGCTGTTAACCAC
TTAACAGCTACGCGACTGCCGAAATTACTTACCAG
CTGGTAAGTAATTTCGGCAGTCGCGTAGCTGTTAA
GCTACGCGACTTACGAAGCTACTTACCAGTAATT
AATTACTGGTAAGTAGCTTCGTAAGTCGCGTAGC
GACTTACGAAATTACTTACGCGTAATTCCGTCAGAA
TTCTGACGGAATTACGCGTAAGTAATTTCGTAAGTC

341 BRSO F 513 [42]
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A mrkD vz - expressed fimbriae
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