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1. General Introduction

1.1 Bacterial Pathogenesis

1.1.1 Bacterial Infections
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1.1.2 Bacterial Resistance to Antibiotics
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1.1.3 Gram-Positive Bacteria
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1.2 Sortase Transpeptidases
1.2.1 Targeting Sortase Enzymes
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1.2.2 Sortase Function and Biology
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1.2.3 Transpeptidation Mechanism
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1.3 Substrates of Sortase Enzymes

1.3.1 S. aureus Cell Wall-Anchored Proteins
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1.3.2 S. pyogenes Cell Wall-Anchored Proteins
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1.3.3 S. pyogenes Sortase C and Pilus Biogenesis
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1.4 Immune Response to Bacterial Infection

1.4.1 Initial Immune Response
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1.4.2 Innate Immune System
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1.4.3 Adaptive Immune System
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1.4.4 Evasion of the Immune Response by S. aureus
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1.5.1 Structural and Mechanistic Characterization o f S. pyogenes
Sortase A
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1.5.4 S. aureus Survival of Phagocytosis
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2. Mechanistic and Structural Characterization of
Streptococcus pyogenes Sortase A
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2.2 Materials and Methods
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2.2.3 S. pyogenes SrtA png: Transpeptidation Activity
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2.2.6 Data Collection and Structure Determination

7

- D B) 8EV 5%H 6 *=& 9000)

((

1B9

*/

(CA

lB%

) %

/00

" 200B
08 .
%

%

% ((*A

o - =,

6) %

E6Q

DE

%

1BB

@

186" EV

c<ord( 2

0V 5%H 6

%

100

%

%

%

5

(181E8d8

(@

190:9)

5*1

LL



1 /*6) 0

%
,:7 (E 198
) ( 109 %
5 6
% 10
E6 % %
5 @
5

%
5
2 3
)
5
AT )
1
& 6 |/
Ges1)

DD

(-<cC
G 19/
s<arJ( 26’
5, ;-6'
%
6 3
5 ccotd( )
% "
0 100 @* &
A
*/ Q E6



4 (+w D $- * "1 ( " 5

+ $ - "
(F" $
(+ w7 =*% (+ w7 =*% (+ wnr
- *
- @ - @ 08
C 5h6 1'EA/ 1'EA/ 0'FBO
& *[ af of * ol * o1
, , 5h6 DF'9A 1'F05/'00 1'FO6 /[F'9E 1'BO 51'BF 1'B06 8/'/B 1'E051'E9 1'E06
6 (¢ sho cDE'FE) cDF'90) cDD'08) cDF'9F) C8F/9) cEF'AD)
c8F'9B cAO'1lE cDE'11) Kc101'FDT

<' # ., 1E1115/1B06 /11A05808F6 AA A805D89B6
, A'B5A'B6 18'A51/'A6 8'858'A6
HN5 6 1F'B5E'86 /B'D5E'D6 1/'F5/'B6
( 5V6 100'05100'06 100'05100'06 FA'B5F8' B6
, 5V6 D'A5/E'96 E'958B'F6 B'958A'06
1
, 5h6 DF'9A 1'FO51'FE 1'F06 /F'9E 1'B051'90 1'B06 8/'/B 1'EO51'EA 1'E06
, 5V6 19'B5/1'86 1F'D5//'A6 1A'D51F'86
, 5V6 /'B5/B'86 /8'F5/A'D6 1F'05/9'86
S @ 5h6 0'01B 0'01D 0'01D
S 5T6 1'EF 1'EE 1'EF
<' < - 1EOA 1E1F /FO/

! 5 )h 6 /8'1 /9'8 190

! 5@ )h 6 88'9 89'8 8/'B
=#5l 22@" )h 6 0'0FE 0'0BF 0'0E1
, 7 5V6 FB'l FB'B FO'E
, ; 5V6 0 0 0

DB



c<ord( 2 %

e<o1J(
G =7 (E
a<o1J(
) L%
6<01Q ! %
eord( 2'
/11 /1Ab/AF 1EF %
2
9/b/10 /1Ab/AF
5 B8 91
G<91 9Fb/AF
IAF )1
"7
@I < 19E% ,
% . 5
) -
( 198
e<otd( 2) a<o1J(
I "% 87<E) 87<D) 87<B)

G<91 5

G<9016'

c<ord( 2

c<91J(

9/b

5 B8b91l

6Q

109 %

-=*= )

c<o1J(

) 9BDb

8E1 %

E'7 ) s@*;! _

l""6 (

D9

G<91)

19A

19D



2.2.7 Modeling of the Enzyme-Substrate Complex
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2.3.4 Overall Structure of S. pyogenes SrtA ps:
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2.3.7 Molecular Modeling of Substrate Binding to S. pyogenes
SrtA N81
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2.4 Discussion
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3. Preliminary Studies of Streptococcus pyogenes
Sortase C
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3.2.3 Peptide Substrate Production
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3.3 Results

3.3.1 Protein Design and Production
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3.3.4 Structural Studies of S. pyogenes SrtC
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4. Biochemical Analysis of Staphylococcus aureus

Sortase A Oxidation
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4.2.3 S. aureus Minimal Inhibitory Concentration Measurement
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4.2.4 Preparation of Samples for LC/MS Analysis of
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4.3.2 Effects of Reactive Oxygen Species on  S. aureus Protein A
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5. Role of Cell Wall-Anchored Proteins In
Staphylococcus aureus  Survival of Phagocytosis
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5.2.4 Reactive Oxygen Species Minimal Inhibitory Co  ncentration
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5.3 Results

5.3.1 Regulation of Sortase and Sortase-Substrate G
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5.3.2 Minimal Inhibitory Concentrations of Reactive
for S. aureus and Sortase Deletion Mutants
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5.3.3 S. aureus Survival In and Escape From Mammalian
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6. Conclusions and Future Directions
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6.2 Sortases and Pili

% )

9D 3

0

A8 AD

I

%

1B)19

te1=4

8A

(3

%

3

89 A0



(3

|_% )

(3

%

(3

%

%

" %

% 1

/oD* -
. % n

13 )

K1

DI' <
)

% 2

118

(3

%

8B

0

%



5 86) % '
% 2
( %
% ) (
%
( 3 %
3
* % 3
"7
(¢,
3 ) %
3 .
) %
" % ) %
3 89)EB)DD (
C
3 )% %

1A

80)D/)D8)/0y

AR



)
3
-% ) (3 . %
% 3
A A
(3
(3 %
% 3 )"
(3 % (C
3
2 3 0 (C 2
& )
3 3 )
( 2 )
(3 ) %
( 2 % )

D/)D8

IE



6.3 Staphylococcal Surface Proteins and Professiona |
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Appendix A. Reaction Mechanism of

Streptococcus

pyogenes SPy0128 Isopeptide Bond Formation
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A.2 Materials and Methods

A.2.1 Computational Methods for QM/MM Simulations
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A.2.2 Computational Construction of the Initial Rea
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A.2.3 Molecular Dynamics Simulations of  S. pyogenes SPy0128
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A.2.4 QM/MM-MFEP Simulations of Isopeptide Bond For
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A.3.2 Reaction Mechanism of Isopeptide Bond Formati
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A.3.3 Timing of Isopeptide Bond Formation
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A.4 Discussion
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