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1 Introduction

1.1 D

einococcus radiodurans

1.1.1 Structural genomics
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1.1.2 General characteristics and morphology
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Figure 1.1: Electron micrographic image of D.'radioduran‘s displaying tetrad morphology.
Taken from the web page of M.J. Daly (http://www.usuhs.mil/pat/deinococcus/index_20.htm) [17].
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1.1.4 Current and proposed applications

"+ [:2H [::2

R45S%
R4?S "
R41S
$ %+
R4-0C)S
%

$ " R4? CCS
%

[::2 $

Chapter 1 Introduction

RC5S"

+/::2

R*, @1S%

% $

7 R44S%:

RACS
R)-S%

RC@ C4S

$ .
RC?S%



Chapter 1 Introduction

1.1.5 Putative general stress protein, DR_1146
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Figure 1.2: Schematic diagram illustrating the invo Ivement of FMN in the PNPOXx catalysed
conversion of PNP into PLP in  E. coli. From Safo et al. (2000) [61].
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Figure 1.4: Absorbance spectra of the flavoprotein, glucose oxidase, in the oxidised,
semiquinone (neutral and ionic) and fully reduced s tates. Figure taken from Massey 2000 [85],
based on data from Massey 1996 [108].
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1.1.8 Maltooligosyltrehalose synthase (DR_0463)
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database [6, 7].

+# 0 "0
% #

-15-



Chapter 1 Introduction

[+#; 2 &
/ 2 R*) )S%
# 000 0**0000 0
" Oo0**0 & " " %
# mn
$ R*)@0*)5S
" R*)?S
R*)1S% :
% :
R*)-S%
# "+ +#:

*065 R*))S%

+ OH 0

Figure 1.6: Two-step breakdown of maltopentaose int o trehalose and maltotriose catalysed
by MTSase and MTHase [122].
+# n
00*40 & oo~ 0 &
% +#; 00*40 & 7 o0
* *O
R*))S% @0 +#;

-16 -



Chapter 1 Introduction

+# "

[+ 2%

1.2 Streptococcus pneumoniae

&
R*@,S" $
7
R*@50*@1S "
> n
R*@-S% : *--?
" )@o R
$
R*4@S% ;

D
%8
%
+#
TIGR4
0 0
$ R*@*0*@@S%

R*@4 *@CS%

! n
*4,S5%

R*4* *4)S 5, ,,,
!

1.2.1 Manganese ABC transport system in S. pneumoni  ae

! 90

- % #

R*44S% # 9 $
W $ 0

#0 % :
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$ R*44S%
+/::2
- R*@-S%
# $ +/:2090
R*@4S% # 0
n 0
& %
+/::2
$ " R*@4S%
+/::2 $
R@, @1S%:
+/22 % $
: R*@) *@-S
0 9 0 0 LIS
mn % : 0 0
n $ n
R*@*S% # +/:2
$ R*@*S%
# @0 7
0
90 R*45S% # +/2 &
0 & % ;
90
$ %
1.2.2 Putative thiol peroxidase, SP_1651
# $
/ #: 42 >
3*5C*% # $
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3))4)

%

+09
3*5C*
3))4)

1.2.3 ATP-binding protein involved in Mn(ll) trans

+/2 &"

3*541

/ 3))142

Chapter 1 Introduction
3*5C*
% 3))4)
B5Z >
%

R*, @, @1S
% ;

%

% #
@4z " 3541

#0 %

3))14%
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2 Materials and methods

>
0 IG
IG "%
> & % [*-1-2
R*4?S " %
2.1 Provided constructs for gene expression
2.1.1 Full length dr_1146 gene in pDEST17
8 #P*? I#  )%*2"
& "A % # ="
=0
$ 8#0*C %
6 7, ! LK
8 #P*? #? $ % : P "N
H %
=0 5%; % % *-1? R*41S
[+ *15R*%-S
% *--, R*C,S
B:= #7? $ % B$
H %
;10 =0 0 P D
5%, % /2
8#0*C #? $ % = N/MH+ &
H % 9 2
# =0 5%; % *-1? R*41S
i\ % [+ *-15 R*4-S
% *--, R*C,S
8#*C*H 0#B BN #? $ % % *-1? R*41S
#8l = 5%, % [+ *-15 R*4-S
% % *--, R*C,S
NO9 :O0#B BN % #B BN
G % *__* R*C*S
%
8 #? D % [ *11R*C)S
% + *1?R*C@S
Table 2.1: Summary of vectors for cloning and expre  ssion
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2.1.2 Full length sp_1651 gene in pOPINF

B:=  /# )%*2"
& % O# !

IG% " BS$ B 2
B$ !G%

2.2 Molecular cloning using restriction enzymes

=0
8#HO*C /# )%*2 D %

2.2.1 Oligonucleotide primers

B n n ))O
@, CCO01,U " C,05,Z%
CKO %
B " 0
* <+ \),U%B
#)%)%
29
3**45 " CKO # # ## # # o] N##2
###  0@K
# %
3**45 CKO # ## ## .ol N #2
# 0@K
%
= 3**45 CKO ## # x o/ N##2
#0@K
# %
= 3**45 CKO # ## ## .ol N o#2
# 0@K
%
=F 3%45 " CKO ## # #iH# CKO ## # #i#
# ek $
#  0@K B:=%
=F 3**45 c 0# ## # CKO# # #  #
# B H# # # %%|@K $
# 0@ B:=%

Table 2.2: Oligonucleotide primers for PCR
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2.2.2 Enzymes

. * D
="8 9 ; 1G% 2% = " *$
+B, 2" IG % #4 =
="8 9 % D \),U %
2.2.3 Polymerase Chain Reaction (PCR)
# 1# 2 ),<
% # $"
# )%@% # )
-CU % # -CU
@, 51U @, $ AU ¥
@, % $ ?2)U
" 4U % # "
% n
%
6
=# $ C< )+ & ), <+  =#
" Y%C< * <+ & %C <+
)%C < * <+ & ,%C <+
= *< C, H< & * H</C, C ,<2
*$ " +B s C< *$
; yB @@%C < 0
= %W C< @ H< & *%)C HC, <
# C,<
Table 2.3: Master mix for PCR
2.2.4 Agarose gel electrophoresis and gel purificat  ion
" %C\)%,Z/"H?2 *$ # 8 I#  )%42
n ’%* < H n
— % -
Cw*" 9 HB 5% /2 *& =
/I 2 D % 1 4,
1 P/
2% : = " $
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WHH"% >D % H

-23-

Q:> & 8% G /Q 2 R*C4S
' %
+ & &
C,$#8 Y# 9 ; $ 1%C%
C, +8# ;1 *$ %
C%?*Z/H?2
* 3 #8 * +# 0; ;?%C ;7 1%, %
*+84#
C$+- @@%- = ),B 4 + & * o )B
*C%, G;)B, %
)%C = L g
Table 2.4: Molecular biology buffers
2.2.5 Blunt ended insertion of PCR products into pC ~ R®-Blunt II-
TOPO® vector
*< o9 :o#BB " )< B @<
% # "% C
> %
2.2.6 Transformation of DH5  competent cells
*0) A =" 8 N :C aP
I 2 ' R*CCO*C?S%
,C a % #
9
1#  )%*2 N, 2 @?U % # "
%
2.2.7 Isolation of plasmid DNA
C 09 /92 % ) %C2
" %
# " @?2U" & % $
" Q: N + G /Q 2
" ' R*C1S% # =
" s, 7 " B =
H % %
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! &
09 /192 * H
* H = %
CH $
90 9
*CZ/"H2 O %
B ), H © o N%
CH $ 4U %
*, + =
)%C +G
), ++ )
), +
B 8¢ P Purchased from= N/+ &
9 2
+- + *$+- *$+-
y++ B 4 C$ &/M# )0C2%B
0% + ) "
%047 & %* H
)- H *C:; 4Ba" %
)<+ ) " Cn
*H = 4By
X )B%
Table 2.5: Growth media composition
2.2.8 Double restriction digestion
$ ), = [xn2" N2 ;
*’ /* N 2 * " ) N 5 N
)B%# )" $ " 3 @?U @
% = " @?U %
# n
)%)%4%
2.2.9 Ligation
#4 = ="8 9 2"
= ?2W*% $ *A
2N * N *'$#4= o] */\/4’
2 #4 = %# *N " N, 2
*5U % # =" C a "
)%)%7?% #
- n )5’ %
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2.2.10 DNA sequencing

=" > #? " #
> ! 1IG%

2.3 Molecular cloning by In-Fusion™ Reaction

B:= ! :0 P / 2%
2.3.1 Deinococcus radiodurans genomic DNA
* = )C, H<
%
2.3.2 pOPINF vector

# B:= & B B$ IG
& *, H<%

2.3.3 Oligonucleotides
B " )%)%*% #

> B = " H)%)%
% #

# > = )%)%@%
$ *, 0
B = x g : B
0":0 P %# "%
@, AU % # " >
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4,< #8  [# )%42%C< " :C a
%
2.4 Gene Expression
2.4.1 Bacterial cell lines
# )%5%
$ — n
0%
D& ]
8 N .C apr 0.1, X+C'% XaO0 P
21*5. * * *2/ y *-1@R*CCS
. # [; *1?R*C?S
2! 8441 0* ( -5
*bo
9) P/8@2 0 /! o & o2 P
/1 8@2 [+ *15R*4-S
[ *11R*C)S
0+ *--R*C-S
9)* 8@2 0 /! ol & o2 P
18@2 |/ 2 [+ *15R*4-S
[ *11R*C)S
+ *1?R*C@S
9)*0:P 0o /! of & o2 P
,00/1 &* . [+ *15R*4-S
[ *11R*C)S
+ % *-14R*5,S
*.1,R*5*S
% R*5)S
P/ 8@2 \ I gl g2 = N/+ &9 2
/18@2 8/ 2 [+ *15R*4-S
[ *11R*C)S
= % ),*R*5@S
+ *1?R*C@S
9 [; ).,R*54S
P) 8@2 o of 0 o2 = N/MH+ &9 2
/18@2 8)/ 2 [+ *15R*4-S
[ *11R*C)S
= % ), *R*5@S
9 [; ).,R*54S
91@4/ 8@2 (WA o o o2 = N/+ &9 2

%9% *-55R*5CS
% *--)R*55S

Table 2.6: Summary of bacterial cell lines
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2.4.2 Antibiotics

# o )%*
)%52% *,,,$ &
# )%?% &
1,%) < 2 0),U %
2 2
C, H C,<H B
C, H C,<H ; B
@) H @)<H 8 B;
G C, H C,<H ; B
Table 2.7: Antibiotic stock solutions and preparati on
2.4.3 Isopropyl- -D-thiogalactopyranoside (IPTG)
%04+ & /*,,, $ 2 #" 1,%) <
2 * > \ ),U %
2.4.4 Small scale expression trials in LB media
) 9 I#  )%C2"
# )%* )%?2"
% #
% # " @7 " &
5, ,%5" % ,%C & 0 8
/ )%4%12 "> * %
! %4 +/ 2:#%
B &" ! & )HU ! &
@?U ), %, %C ! &
! 0 8
% : "% 0
/ )%04%-2 " $ %
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2.4.5 Large scale expression in LB media

# / 2
$
$ %
S5,
% # " " & ), @?U
5, $ @%C " % C
" *$%C 9 /# )%C2 )
& " % # ) &"
" & @?U % 5. ,%5" "
04+ # [ 2% #
7 ),

%

2.4.6 Small scale expression trials and large scale  expression in

autoinduction media

$ " B 8 P
I= 24 )%C2% 8$
" 9 )%4%4  )%A4%C2 "
$
H# % "
" 4  @?U " & %#
T : )

%

2.4.7 Harvesting and storage of cells

! Csn )1 %#
o 0 1,U % #

$ %

-28 -



Chapter 2 Materials and methods

2.4.8 SDS-PAGE analysis of whole cell pellets

%C & $
= 8 Noo

R*5? *51S $

90 8 N9 8%

' R*5-S%),< >

" 5%
2 %@ + ##/ 2

" 2U %
), < " =
/ 2 9 ) o0

*$+8 /I 2

9 9 )C,/%Z CZ8
% n

2.4.9 Western blot analysis

0 8
$
0 8
[+ 2 " = 8N= $9
# / 2 R*57S% #
+ *$= 8 Ng 9 I 2%

" ' R*?,S%
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% #
%# 9
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*$
% #
%
8 "= 39 o#

% " )l

14,7 8 *Z
; )B%

)%4%1
/12
o#
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5%;
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;. PG IG &2"
*x IG + 2%

2.5 Protein purification

2.5.1 Buffer preparation

; ?7%C%

AOB+# AO

)4,

; 4%, ?%,

#

)%1%

# o " 7
%# "

*00,0%0# "

/:2 "

" /,%
% #
+
C, +# O;

+ C, +#
+ C, +#
:8A ), +# O;
:8A 9

C, +# 0

,%,*Z ==

@9t8 ##

Table 2.8: Composition of purification buffers
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2.5.2 Preparation for dialysis

& + B I+ : 2"
; B @ " ;) B% #
4U C
%

2.5.3 Mechanical cell lysis

4 > noo )CU " 0
#)%12" *  8#0
& # I 206#  C
* % #
# 2" @ -C,
") ), & >
% # " &
% # " c?, ),
" @4-, 4, 4U % #

1%)< 2%

>
/ ), 2" 1+ # )%12%
# > 4U *
@, @4-, %#
1,%) <
2%

2.5.4 Immobilised metal affinity chromatography (IM  AC)

# " C ;# ; /8; 2
0> B I1# )%12% #
@ H 4U % #
G# /8; 2
RS @ H 1, D %#
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" "o @ H 4u
C % # 10* 4
D * ), *,Z:+
I# )012% # "
0 8 %
2.5.5 Concentration and yield measurement by UV
S "
90 "% # " $
" R*?*S
8$ R*?)S% #
* > D " 4,
/| & 8 2% # "
%
8$ / 22 " +2 /: 2
# )%-%
& <= > 2= 717>
3**45 8#72" b5$; C%4- )@ 4,%-, )14),
3*45 8#O*C " 5$; C%C? )@ ),5%5, )@ C-,
3*45 8#O*C "  5$; 4%-, )* @)4%CC )@ C-,
= 3*45 8#0*C " 5$: C%?) ), @~%C? )@ 4°?,
= 3**45 8#0*C " 53%; 4%-? *14@7?%C) )@ 42,
3*5C* B:= " 5%; C%)? ) @@5%*, *1C?C
3*5C* B:= 5%; 4%?@ *- @4-%-, *1C?C
3,45@ 8#*?" 5%; 5@  *** ,-5%C, *C,)4C
3*541 B:=" b5$; 5%-, )1-14%5, *5,CC
3))14 8#*C*H #BB" 5%; )- -C4 %*, @5 C5C

Table 2.9: pl, MW and extinction coefficient values
contributions by tag and expression vector residues
available on the EXPASYy proteomics server [172].
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2.5.6 lon exchange chromatography (IEX)

# o+ " C 8A 1#
)%12 = . D :8A% C Q# ; $
> " 8A

@ H 4U % #
G# ! " "0
2Z:8A 9 )12 @, % C

0 8%# !

C 1# )%12 "
*& + B /l 2
* H D $
/8 2%

2.5.7 Size exclusion chromatography (SEC)

)H *!H@n 1 /8 , 2
G# u " > " I#  )012%
# " *
*@ 11 C,, < /

2" 7 % # " " *06C
,2%C H % ,%C
0O 8 % #
$ %

2.5.8 Removal of 6xHis tag by thrombin cleavage

# "> 5%; $
8#0*C % # " +
> % ,%)5 /= 2
" C ) +
# I ?2%C ), += %#
* H C * D
/8; 2" " 0> "9 I#  )%12%
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# *, 9
H %:" *H#
0> B
0 8%#
C B8A
" %

/18; 2
56, %#
o+ "
:8A

2.5.9 Removal of 6xHis tag by HRV-3C protease

# 10@ >
$ B .= % # "
> %BC<

* + #H * +8#
+# ;?2%C ), += %:"
s H# *H
@ 5%;

0 8%

2.5.10 Mass spectrometry

+ :0#B 8:
! IG%

H ), +# 0, ;?%C C, +=
8:0+ " . H" [
2.5.11 Cofactor extraction

$ *C
* H2%* < +B;"
% # " *@ ,,,
$ %#
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2.5.12

degradation

8
1G% :
)%4%1
% # " 0
# "%

Amino acid sequence determination by Edman

0)Cc, *
%
%

2.6 Crystallisation experiments

2.6.1 JBS solubility screen and dynamic light scatt

experiments

9 2 R*?@S% #

)4 *4
% #
01,*/
@
% # D
1> D ),<
"%
), H
/), < W), <
,%C
# $
# / 2
n< I
$ *H %8
$

9 & /.
" R*?@S

2%
%) <

% 4, <

a2 %
W% )4
%

*@ 11 *’
% #
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/ 0@ H 2"
*C, < " */
) % $

" % # "

2.6.2 Pre-crystallization test (PCT™)

- Z

" ), H

D | #P21;
), *C *, C H
R*?4S% #
#P o %

%

%

2.6.3 Initial sparse matrix crystallisation screeni

$ n

%# +: B9

,%C < " ,00C <
%
I#  )%*2% 8
P : I# 8

N2 "
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* ) 8 9
#oo* ) +
. )+
H: * )
D R
D *) @ 8 9

Table 2.10: Commercial sparse matrix crystallisatio  n screens

2.6.4 Testing X-ray diffraction quality of initial crystals

9 ! & %
0 + +$PO0,°? AO /| &2
> " 0 /B$ 2 + @4C
% / 2 8
B$ IG" %
+ P + P

) %5%@%
2.7 Biophysical characterisation

2.7.1 Cofactors used for biophysical characterisati on

# C'0
[ +=2 /2"
$ " % #

)%*%
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p
Ac
+= Ac B e
N © J
Y
$D
NH,
/l\I AN
Ac N\ _OL _oO < / N
AN N _/
o” '\ Il “ona \ O =
ONa O N

HO OH

Figure 2.1: Structures of cofactors used for ITC ex  periments: riboflavin, riboflavin 5'-
phosphate sodium salt (FMN) and flavin adenine diph  osphate disodium salt (FAD)

2.7.2 Isothermal Titration Calorimetry (ITC)

" + = 99 H8 9 +

! "IG% # $ \

$ " ) cu | O:#
I+ 2
R*?C *?55% " $ ), +# ;?2%C
*C, += %# " %
% $
*< 07 "L E < > 7
/ 9)0,%4 + d=

<), + ¥ % 44c 2 # %4 @*,

2 / *1 0)* <+2% $
" 7
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% :
" 0
> 0 B C%P
+ 2 " &
=2 H IG C*HG 2
/I ";L2%B > "
$ 8> %%
cC-#9 Cc ; -#9 [* c4%*14 .2% Equation 2.1
2.7.3 Fluorescence Spectroscopy (FS)
$ " 0+=
> ), +# 0; *C, += % $ $
" C noom ok > D
)C ° % 8% " 44Cc "
C), # += "
* <+ ,%0%) / exc
% ! * <
& /
2 Y%C  +=%# IG 2
/=2 0+= $"
> +=
% " B C%P
_ "
! "%
$ %
<+ += " %

2.7.4 Differential Scanning Calorimetry (DSC)

+ B C®%P " !
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=40 -

0 % # $ 0
$ -) <+ /,0) +2
), +# 0; ;?%C *C, += " /
2 % "
),0%),U 5UH%
# miu
" " % #
" " $ %
2.7.5 Circular Dichroism (CD)
$ " % G
= ! " 1G%
" 5$; 0 3**45 C, +
; ?7%C *C, += +=
1%, ),U % "
Il [*1?0)5, 2 %C H %,)
> D % 8% n /@),00¢C, 2
" ,%C *
H% " " W
" %6 C, H®6 ,%C
%) %
&
- 4,041, 2% "
R*??S% 8 "
B=#:= # R*?1S%
# 3*%45 l, 5+2
/IC 1,U2 ">
+=" N %#
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$ / 2% $
! B "%

2.7.6 Analytical Ultracentrifugation (AUC)

/12 $ "
" %B" 9
9 ! " 1G%
@C H "
C++=C, +# 0; ;?2%C ), += %# !
' %#
> /82 /121 %

2.7.6.1 Sedimentation velocity (SV)

s 9& 0 / | 2
B AO:! =05, # % @1,< 1,%@C * @%C *,))
@C H 2" "0 0

" % 8% "
4U 4-& % 41, * "
% .
" 8# " RS
0 / 12 2%#
S
8 :# R*?-S%
9 le2 12 / g2
4U U " 8= 8 " R*1,S%
/ s 2 4U
" &% >
/ )2
" 8> )%)W
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F - Gez f

), " 4 .

. C——2—h h Equation 2.2
) [, o 4 guation

" ), c)U "c" 4caU ¢ %

| y /

D / . 2%

> 18> %@ )%?2%

Icﬂéi3

o C 6if

u‘+
@l

Equation 2.3

Equation 2.4

Equation 2.5

Equation 2.6

%15/

%4 H 2

Equation 2.7
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n $ )‘ R
$ %
2.7.6.2 Sedimentation equilibrium (SE)
8 % ! 9& 0 / 12
B AOQ: % 8%
" 4U ), @, 4,& % "
@ n
> % 1, <
| $ " %
# " 8 ;#R*1*S
" WHH""% % H H2%
# "0 " +. 2"
)1 @1 4) & !
%
# G 2
" " 0 % 8
> " G " Yop :
n + O*
/ I 2
I )%) # )%**2%
@ A=;> @ A=B!>
%@C *-0%, *06C
* C4%) @
) * 1%C 4
@%C *1-9%1 ?
* C4-%1 ok
) - @%) @5
@cC *1-1%@ 5,

Table 2.11: The number of interference fringes gene
concentrations used in the SV experiment.
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70
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y =30733x - 0.0856
50 -

40 |

Fringes

30

*

20
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0.0005 0.001
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0.002

Figure 2.2: Plot of fringes against molarProtein c
conversion factor of 30733 fringes M~

# >
8> )%l )%- )%*%
c@,?7@+
% =( @:H, —C)+ _*

G /+92c G (fringes™)/(3.25/10°)

0* 0*

0*

% G
¢ *HG 2%

@%)CH*,
IG

+

0

2.7.7 Nuclear Magnetic Resonance (NMR)

=+ $

9 ! " 1G%

2.7.7.1 One-dimensional, non-labelled NMR experimen

#3 345" $ 9 /
9) /8@2 )%A4%C
" )%C%4 \ )%C%5 "
" ) SH@,, ;
C, +# ;?2%C *C, += %*Z== &b
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" XA+ +=0% #
,%5 + 5, <%
=+ "’ 5, +;D
> " #e P9 &
> %A% # )C
0o % "
" 1--@ ;D 45,1 1
$ n n

°%

$
%
R*1)S%

2.7.7.2 Two-dimensional *N-'H Heteronuclear Single Quantum Correlation

Spectrum (HSQC)

C= #3 3*¥453 " $
#  )%C2 C= 4By
% # " )%C%
C, +
%, Z== §b# =
5,,< %
“=0,;Q $ "o
-5 % o "
* )%
Q% #3 3453
C,+ & /

‘.
2
4\)%C%5 "
: 2%C *C, +=
Y%- +
1@1- ;D
*54):D 54 $
> +=
oo
%
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3 Cloning, expression and purification of DR_1146

3.1 Expression and purification of  dr_1146 from pDEST17

3.1.1 Construct design

/ * C1)2
8#?  I# )%*2 " & ‘A
% # > 3%45
+ R5S "
# % | . R?S%

3.1.2 Recombinant expression of dr_1146 from pDEST1 7

* < =/ 8 #+72 " 9) /8@2
)%)%5% ), <
$ )
@?U %
$ 9 # )%C2 8 #+?
# %2 )%4%C% %, $
C,,
@? U B 5 ,%5" % #

 # ), NU% 0 8 $ &

34 5" $

> %

8$ " 4%C, )%4%C%
#

%
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3.1.3 Optimised IMAC purification of DR_1146

) "0 @, I#
)%12 " )%C%@%
n C ’# :
)%C%4% "ok + "
%
+ 0C%4%
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Figure 3.1: A ,g elution profile for optimised IMAC purification of DR_1146. Contaminant
proteins are eluted with 10 and 20 % IMAC elution buffer steps. Peak 3 corresponds to the elution

of SP_1651 with 100 % IMAC elution buffer.
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3.1.4 Gel filtration of DR_1146 and subsequent crys
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3.1.5 Non-reduced SDS-PAGE analysis of DR_1146
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Figure 3.4: SDS-PAGE analysis of non-reduced and re  duced samples of purified DR_1146

+ 0#B "
3450 # " )@,,,
" 42, , %

3.1.6 Investigating degradation of DR_1146

" W/2
8#0 ; & # "
128# " + %=
> %
), A 345 " @27
$ % # " 0 8
" %

-51 -



58,
% #

3**45%

Chapter 3 Cloning,

! 0
0 8

% #
%

5%

expression and purification of DR_1146
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Figure 3.6: PCR amplification of
electrophoresis.
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3.2.3 Expression of fl_ dr_1146 from pET-15b
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Figure 3.10: SDS-PAGE analysis of time point sample s taken during expression trials for
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Figure 3.13: A g elution profile for optimised IMAC purification of T DR_1146. Peaks 1 and 2
correspond to the elution of T_DR_1146 with 10 and 20 % IMAC elution buffer.
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3.2.7 Removal of 6xHis tag from T_DR_1146
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4 Biophysical characterisation of T_DR_1146
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Figure 4.1: UV absorption spectrum for T_DR_1146 cl vd (at 0.275 mg/mL) showing small
absorbance maxima at 375 and 461 nm, which are char  acteristic of flavin present in a flavin
binding proteins [94].
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4.2 Isothermal Titration Calorimetry (ITC)

4.2.1 Experimental aims
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Figure 4.3: ITC data for binding of (a) non-cleaved
FMN at 25°C. The upper panel shows the raw data (exothermic heat pulses) for protein-cofactor
binding. The lower panel shows the differential binding curve derived from the integration of heat
effects (with dilution heats subtracted), fitted to a standard one-site binding model.
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Figure 4.4: ITC data for binding of FMN, FAD and ri

25°. The upper panel shows the raw data (exothermic heat pulses) for cofactor-protein binding. The

boflavin cofactorsto T_DR_1146 clvd at

lower panel shows the differential binding curve derived from the integration of heat effects (with
dilution heats subtracted), fitted to a standard one-site binding model with parameters shown in

Table 4-3. Patterns of heat pulses, binding curves and calculated parameters are very similar for all

three flavin cofactors suggesting there is no significant difference in binding affinity for

T_DR_1146_clvd.
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buffer, (c) PLP injected into T_DR_1146 and (d) FMN injected into PLP + T_DR_1146. Results
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FMN binding.
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4.3 Fluorescence Spectroscopy (FS)

4.3.1 Experimental aims
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Figure 4.7: Quenching of FMN intrinsic fluorescence (excitation wavelength = 445nm) by
increasing concentrations of T_DR_1146. 10 mi aliquots of protein (1.14 mM) added to 2.5ml
FMN (10 mM) in 20 mM Tris-HCI, 150 mM NaCl buffer at room temperature.
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Figure 4.8: Data fitted to standard hyperbolic bind ing curve to determine K 5 (7.95 nivl + 1.48)
and N (0.65 % 0.14) values for quenching of FMN fluorescence by i  ncreasing concentrations
of T_DR_1146.
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Figure 4.9: Quenching of FMN intrinsic fluorescence (excitation wavelength = 445nm) by
increasing concentrations of T_DR_1146 _clvd. 10 or 50m aliquots of protein (0.25 mM) added
to 2.5ml FMN (10 nM) in 20 mM Tris-HCI, 150 mM NacCl buffer at room temperature.
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Figure 4.10: Data fitted to standard hyperbolic bin  ding curve to determine K (11.48 niv
+ 1.86) and N (0.84 *+ 0.17) values for quenching of FMN fluorescence by i  ncreasing
concentrations of T_DR_1146 clvd.

4.3.4 Fluorescence spectra for non-cleaved and clea ved
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Figure 4.11: Fluorescence emission spectra (445nm e  xcitation) of T_DR_1146 and
T DR 1146 _clvd before addition of FMN. The small fluorescence peaks at about 520nm suggest
the presence of bound "FMN-like" species in the recombinant protein.

4.3.5 Comparison of T_DR_1146_clvd dissociation con  stants with

other flavin binding proteins
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4.4.2 DSC experiments to assess the thermal stabili  ty of
T_DR_1146 and T_DR_1146_clvd
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Figure 4.12: DSC thermogram showing T
non-cleaved T_DR_1146 and T_DR_1146_clvd respective
difference in thermal stability on 6xHis tag remova l.
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Figure 4.13: DSC thermogram comparing transition pe  aks from repeat DSC scans (dotted
lines) with initial DSC data (solid lines) for T_ DR 1146 (upper section) and T_DR_1146_clvd
(lower section). The rescan for T_DR_1146_clvd is much closer to the initial DSC data suggesting
that for non-cleaved T_DR_1146 the 6xHis tag may obstruct the refolding process.

4.4.3 DSC experiments to assess the increase in the  rmal stability
of T_DR_1146 clvd on binding to FMN
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Figure 4.14: DSC thermogram for the addition of inc  reased concentrations of FMN (0-2.0
mM) to a 0.092 mM sample of T_DR_1146_clvd shows in creased intensity/sharpness of
melting transitions and T |, values on increasing concentrations of FMN.

YW += # C*%) ° 5,%) °%
+= f),\W*2 #  57%4° "
% +=
#3 3**453
%
# $ /12 5$;
/2
" $ . %
$ 5% _—
"> $ +=" %

-84 -



Chapter 4 Biophysical characterisation of T_DR_1146

4.5 Circular Dichroism (CD)
4.5.1 Experimental aims
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Figure 4.16: Far UV spectra of apo (blue) and holo  (red) (a) non-cleaved T_DR_1146 and (b)
T _DR_1146_clvd in a buffer of 50 mM phosphate buffe  r pH 7.5 with 150 mM NacCl.
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4.5.3 Secondary structure prediction
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Figure 4.17: CD data collected from the thermal unf  olding of apo (unbroken line) and holo
(broken line) T_DR_1146_clvd monitored at 208 nm.

4.5.5 CD experiments to monitor the chemical unfold  ing of

T _DR_1146_clvd using guanidine hydrochloride
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Figure 4.18: CD data collected from the chemical un  folding of apo and holo T_DR_1146_clvd
monitored at 222 nm using increasing concentrations of GuHCI.

-89 -



Chapter 4 Biophysical characterisation of T_DR_1146

Figure 4.19: Plot of the total percentage change in
concentration (1-6 M) for the chemical unfolding of
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Figure 4.20: Visible-Near UV spectrum for holo T_DR 1146 clvd showing decreased FMN
contributions (monitored at 470 nm) on increasing ¢ oncentrations of GUHCI.

4.5.6 NMR

4.5.7 Experimental aims

#3 3**45 % )0 C=0::Q $ "

+= %

4.5.8 One-dimensional, non-labelled NMR experiments

0 *0
#3 3**453 !
" " +=% # ! 4%)* !
#3 **453 ! & 11 %C 2 /,
2 %

-901 -



Chapter 4 Biophysical characterisation of T_DR_1146

JCizire Ws sample 1
O Gmbd —tag +FMN

2.5 [ *1ed]
1

2.0

15

1.0

| | | ! | ! | | | | ! ! | ! ! ! | ! ! ! | ! ! !
10 8 6 4 2 0 [ppml

Figure 4.21: 1D NMR spectrum of non-labelled T_DR_1 146 _clvd with 1uM FMN. Well-
dispersed methyl and amide spectral regions suggest T_DR_1146 is folded and structured.
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Figure 4.22: Methyl region of 1D NMR spectra forap o (red) and holo (blue) T_DR_1146 clvd
shows sharper methyl peaks in the absence of the FM N cofactor.
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4.5.9 Two-dimensional **N-'H HSQC experiments
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Figure 4.23: 2-D '°N HSQC spectra for titrations of increasing concent rations of FMN (0-2.7
mM) into a 0.9 mM sample of T_DR_1146 clvd: (a) 0.9 mM Apo T_DR_1146 clvd (1:0
protein:ligand ratio), (b) 0.9 mM FMN added to 0.9 mM T_DR_1146 clvd (1:1 protein:ligand ratio),
(c) 1.8 mM FMN added to 0.9 mM T_DR_1146_clvd (1:2 protein:ligand ratio) and (d) 2.7 mM FMN
added to 0.9 mM T_DR_1146_clvd (1:3 protein:ligand ratio).
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Figure 4.24: Superimposed 2-D N HSQC spectra for apo T_DR_1146_clvd without FMN
(blue) and apo T_DR_1146_clvd titrated against 2.7 mM FMN (green) showing the pattern of
chemical shift changes as a result of FMN binding.
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4.6 Analytical ultracentrifugation (AUC)

# #3 3**453 "
/12 > /82

/12 ) %7?%5%
9 4U
" *%,,-51 H ,%,*5*-?/ 2 ,%7?), H /,%?)? H

),U 2 8=#8 " R*1, S% #
| 8 8 #R*?-S 8 ;#

R*1*S %
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Figure 4.25: Individual size distribution c(s) prof iles from SV data analysed with SEDFIT
[179] for holo T_DR_1146 clvd at (a) 0.35 mg/mL: sh owing two main species present in
solution (b) 1 mg/mL: shows peaks for Species 1 and 2 merge closer together suggesting
self-association (c) 2 mg/mL: two species have merg  ed completely leaving only one main
peak. The small peak seen close to zero S is though  t to be buffer.
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Figure 4.26: Individual size distribution c(s) prof iles from SV data analysed with SEDFIT
[179] for holo T_DR_1146 clvd at (a) 3.5 mg/mL: sho ws species 2 begin to migrate back to
the left (non-ideal) (b) 10 mg/mL and (c) 22 mg/mL:  further migration of species 2 to the left.
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4.6.2 Sedimentation equilibrium (SE)
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Figure 4.30: Typical SE profile for holo T_DR_1146- clvd at 0.35 mg/mL, 30 krpm, displaying

a good fit of the chosen model to experimental data . Characteristics of a good fit include (a)
almost complete superimposition of data (red solid curve) and fit (red, broken curve) lines (b) small,
well-dispersed residuals and (c) low rmsd values.
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Table 4.7: Values of | g (with rmsd) determined by fitting to the speciesa  nalysis model

for all datasets using SEDPHAT [181]. The values highlighted in bold were excluded from
analysis due to the poor data quality.
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Figure 4.31: Plot of | ogg against concentration of holo T_DR_1146 clvd (mg/m  L).
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Table 4.8: Global +- values determined for 20, 30 and 40 krpm rotor spe  eds using
SEDPHAT software [181].
4.6.2.2 Investigating different models for self-ass  ociation
$ n
0 W o K 0)2 0 /0@2
0 1*042% #
" *O) n
n O
4%@)2% : *0) noon
0@ *04

%

- 104 -



Chapter 4 Biophysical characterisation of T_DR_1146

|
) 12+ C C
c,%,@5
3 //
3 /
/
. w /
,//
/
/
Va
I ) /
Y
,/////
i
" C /I $ \%,C  %*2 (
005 ~ PN JV
TN e /
’ AWt~ o /
003 M M"\/[
7‘ 7‘1 7‘2
/2
/"“
. 12+ C C ,
/
c,%*@ ]/
E /
i
5 /
i /
2 W " //
/
//
/.
//
| \ //
///
_— -~
e ]
01 MV
“ AP A pg\N\A/v\/,,,\/—"\\w S~ \._f‘f\\\\\‘\ ///
. $/ (%) ,%)2 T S
N S
7‘ 71 - 7‘2
/2
12+ C C
4 /’
J/
/
C ,%), /
3 //
7/
Y /
: /
& 9 W 7 /
2 /
/
\ /
//
1 ///
///
//'/4////
05 /I3 \%C ,%C J
//
P —— ) //
0 o \\M\\ ,//
S~ S/
7 7‘1 7‘2
/2

Figure 4.32: Representative SE profiles and residua

Is of the fits for holo T_DR_1146-clvd
a) 1-2 (b) 1-3 and (c) 1-4. Data are best

(0.35 mg/mL, 40 krpm) for self-association models (
fitted by the 1-2 model confirming that a change from monomer to dimer as concentration

increases.
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4.6.2.3 Determination of dissociation (K ') constant for 1-2 self-association
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5 Crystallisation of degraded T_DR_ 1146 with FMN

5.1 Research aims
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5.3 Investigating degradation of T_DR_1146
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Figure 5.1: SDS-PAGE analysis of degraded T_DR_1146 samples. Lane 1: non-cleaved apo

T _DR_1146 sample before proteolysis. Lanes 2-4: non-cleaved apo T_DR_1146 samples after 2
months showing degradation to a stable fragment. Lane 6: cleaved apo T_DR_1146 sample before
proteolysis. Lane 7: partial degradation of cleaved apo T_DR_1146 sample after 2 months. Lanes
8&9: cleaved apo T_DR_1146 sample after 2 months showing degradation to a stable fragment.
Lanes 11&12: non-cleaved holo T_DR_1146 before and after proteolysis showing formation of
stable fragment after 5 weeks. Lanes 13&14: cleaved holo T_DR_1146 before and after proteolysis
showing formation of stable fragment after 5 weeks.
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Figure 5.2: ESI-MS analysis of degraded non-cleaved
peaks at 15,694 Da (Peak 1) and 15,710 Da (Peak 2).
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Figure 5.3: Residues 124-164 of the amino acid sequ ence of T_DR_1146 with the predicted
C-terminal cleavage site marked between Phel39 and  Alal40. The predicted secondary
structure is shown above the amino acid sequence of T_DR_1146 (determined by Network Protein
Sequence Analysis[194, 195]). C-terminal sites for PDB structures 2RE7 and 2i02 are also
indicated by vertical black lines. The PeptideCutter tool [171] from the EXPASy proteomics server
[171, 172] was used to predict a C-terminal trypsin cleavage site between residues K135 and
V136. Figure 5.3 was generated using the program Aline [196].

5.4 Analysis of FMN binding in the crystal structur es of
two T_DR_1146 homologues from the PDB
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Figure 5.4: Amino acid sequence alignmentof T_ DR_1 146 with homologous PDB structures
including 2RE7 and 2102 using MultAlin [197].  Figure and secondary structure of 2102
generated by ESPript 2.2 [198, 199] using data from the PDB.
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Chapter 5 Crystallisation of degraded T_DR_1146 with FMN

Figure 5.5: 3-D schematic ribbon representation of (a) 2RE7 complexed with four SO, ions
[200] and (b) 2102 complexed with one molecule of F MN, two molecules of PEG 330 and a Cl ~
ion [81] taken from the RCSB PDB [79, 80]. -strands are represented as arrows, -helices as
coiled ribbons and random coils as thin tubes. Bound prosthetic molecules and ions are
represented by ball and stick diagrams. The direction of the polypeptide chains are depicted by the
following colour ramps: (a) both chains of 2RE7 go from blue (N-terminus) to red (C-terminus) and
(b) Chain A of 2102 goes from blue (N-terminus A) to green (C-terminus A) and Chain B of 2102
goes from green (N-terminus B) to red (C-terminus B).
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Figure 5.6: Direct hydrogen bond interactions betwe en Chain A (yellow) and Chain B
(magenta) of 2102 and a single FMN molecule.  Nitrogen, oxygen and phosphate atoms are
coloured blue, red and orange respectively and hydrogen bonds indicated by dotted black lines.
Figure generated using PyMOL [206].
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5.5 Construct design and cloning of t DR 1146 with a C-

terminal truncation
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Figure 5.7: PCR amplification of c¢_t_dr_1146 gene fragment imaged by agarose gel
electrophoresis.

#0"$ )%)%4% #

-116 -



Chapter 5 Crystallisation of degraded T_DR_1146 with FMN

)%)%C " > #8 C<
$ ,.C a %#
@? ° % #
;C C " %
# " & %

5.6 Purification and crystallisation of degraded ~ *°N
labelled T_DR_1146 sample
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Figure 5.8: A »g €elution profile for SEC purification of degraded T _DR_1146 shows a single
peak eluted with 15.97 mL of buffer correspondingt o a dimer.

-117 -



Chapter 5 Crystallisation of degraded T_DR_1146 with FMN

" 0 8
#3 3**45 &*l  C%-  4052%
G
LR
@1 e
2 W+ + &
n i )W, #3 3**45

@W; #3 3**45 8

; *s. AW; #3 3+%45 .
%0 . Sk
. — - CW; #3 345 \JL
4 - ] 5W; #3 3*45

Figure 5.9: SDS-PAGE analysis of degraded T_DR_1146  after purification by SEC.
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Figure 5.10: Crystals of degraded T_ DR _1146in 0.1 M MIB buffer pH 4.0, 25 % w/v PEG 1500.
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Table 5.2: Composition of MIB buffer pH 4.0 provide  d by Molecular Dimensions.
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Table 5.3: Composition of experimental cryoprotecta  nts.
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Figure 5.11 - Diffraction pattern for degraded T_ DR 1146 crystals. Zoomed region shows lunar
patterns as a result of diffraction using cryoprotectant A. The presence of rings or merged spots
suggests that diffraction resulted from a cluster of single microcrystals rather than a single crystal.
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6 Expression, purification and crystallisation of
SP_1651

6.1 Project aims
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6.4 Initial purification trial
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Figure 6.1: SDS-PAGE analysis of fractions eluted f ~ rom initial IMAC purification.
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6.5 Initial investigation of 6xHis tag cleavage wit  h HRV-

3C protease
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Figure 6.2: SDS-PAGE analysis of fractions eluted f  rom IMAC purification of SP_1651 clvd
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%

6.7 Optimised purification protocol for crystallisa tion

experiments
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Table 6.1: Optimised IMAC protocol.
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Figure 6.3: A g €elution profile for optimised IMAC purification of SP_1651. Peak 3
corresponds to the elution of SP_1651 with 100 % IMAC Elution buffer.
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Figure 6.4: SDS-PAGE analysis of optimised IMAC pur ification of SP_1651.
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6.8 Gel filtration of SP_1651 to analyse oligomeric  state
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Figure 6.5: A ,g elution profile for analytical gel filtration expe riment to determine oligomeric
state of SP_1651 shows a single peak eluted with 13 .28 mL of buffer.

6.9 HRV-3C cleavage of 6xHis tag
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6.10 Pre-crystallization Test (PCT) for SP_1651 and
SP_1651 clvd
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6.11 Crystallisation trials for SP_1651 and SP_1651 _clvd
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Table 6.2: Composition of SPG Buffer pH 4.0 provide  d by Molecular Dimensions.
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6.12 X-ray diffraction experiments on SP_1651 clvd

crystals
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Table 6.3: Composition of experimental cryoprotecta  nts.
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Figure 6.7: Diffraction image of SP_1651_clvd.
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6.13 Attempts to reproduce and optimise SP_1651

crystals
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Figure 6.8: Dynamic light scattering histogram of S P_1651 clvd in buffer 7, 100 mM Na
citrate pH 5.5. The high intensity single peak (yellow) demonstrates high monodispersity. Figure
generated by Dynapro-801 software (Protein Solutions).
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Figure 6.9: Ranges of the 12 measurements taken for ~ SP_1651 clvd in buffer 7, 100 mM Na
citrate pH 5.5. Shows a narrow range of results over the 12 measurements taken. Figure
generated by Dynapro-801 software (Protein Solutions).
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Figure 6.10: Dynamic light scattering histogram for ~ SP_1651_clvd in buffer 20, 100 mM
bicine pH 8.5. Figure shows the presence of high molecular aggregates (red) and anomalous low
molecular species (blue). Figure generated by Dynapro-801 software (Protein Solutions).
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Table 6.6: Results of DLS Additive Screen on SP_165 1_clvd in 50 mM Na citrate pH 5.5.
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Figure 6.11: (a) DLS histogram of SP_1651 cvldin b  uffer 6 shows a monodispersed sample

(b) DLS histogram of SP_1651 in buffer 6 shows the  presence of high molecular aggregates
(red) and anomalous low molecular species (blue). Figures generated by Dynapro-801 software
(Protein Solutions).
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7 Other targets from D. radiodurans and S.

pneumoniae

7.1 DR_0463 from D. radiodurans
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Table 7.1: Results of preliminary expression trials for DR_0463 in four different cell lines as
judged by SDS-PAGE and western blot.  Strong insoluble expression was observed for
BL21(DE3)pLysS. In addition, a small amount of insoluble DR_0463 was produced by
Rosetta(DE3)pLysS. No expression was observed for B834(DE3) and BL21 Star(DE3) and no
evidence of soluble DR_0463 was found for any of the four cell lines.
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Figure 7.1: SDS-PAGE analysis of soluble (Lanes 2-6 ) and insoluble (Lanes 7-11) cell

extracts (normalised to OD g = 5) taken at time points to assess expression leve Is of
DR_0463. Increased intensity of the band at approximately 100 kDa in lanes 7-11 indicates good
expression of DR_0463 in the insoluble cell fraction. Analysis of soluble cell extracts (lanes 2-6)
showed several faint bands in the 100 kDa region, however none were recognised by western blot.
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Table 7.2: IMAC protocol or purification of solubil ised DR_0463.
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Figure 7.2: SDS-PAGE analysis of IMAC purification
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Figure 7.3: SDS-PAGE analysis of second (a) and thi  rd (b) IMAC purifications of DR_0463.
Lanes 3-6 of (a) and Lanes 3-6 of (b) show that repetitive IMAC cycles produced purity levels and
yields of DR_0463 acceptable for further purification by ion exchange or gel filtration.

- 141 -



Chapter 7 Other targets from D. radiodurans and S. pneumoniae

" & 345@ 7
%
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Figure 7.4: SDS-PAGE analysis of insoluble (a and b ) and soluble (c and d) cell extracts
(normalised to OD oo = 5) taken at time points to assess expression leve  Is of SP_1648 at 25
°C (aandc) and 22 °C (b and d). Overall results were similar for 25°C and 22°C samples.
Analysis of the insoluble cell fractions (a) and (b) shows a steady increase in intensity of the band
at approximately 30 kDa indicating good expression of SP_1648. Analysis of soluble cell extracts
(c) and (d) shows some expression after 9-10 hrs, with more prominent bands for the 25°C sample.
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Figure 7.5: SDS-PAGE analysis of attempted IMAC pur ification and HRV-3C proteolysis of
soluble SP_1648 expressed at 25 (lanes 1-3) and 22 °C (lanes 5-7). The equal intensity of the 29
kDa band in the cell lysate and column flow through (for both samples) shows that SP_1648 has no
affinity for the HisTrap HR column matrix suggesting that the 6xHis tag may be inaccessible.
Attempted cleavage of the 6xHis tag using HRV-3C protease was unsuccessful, as shown by no
decease in molecular weight (lanes 3 and 7) in comparison to the column flow through (lanes 2 and
6). This supports the supposition that the 6xHis tag may not be available for binding to the column.

# 5$; "7
- 10@ )%C%- %
08 [/ ?2%C2
" " ) @
)CU 5 2 )HU2%# 5%;

- 144 -



Chapter 7 Other targets from D. radiodurans and S. pneumoniae

; $%

%

$

3*541 7

7.2.4 Expression of DR_2284

* < =/ $$5 8#*C*H #B B2 "
1 8@2 )/ 8@2 9)*0:
)%5 )2
$
@?U %
$
% )%C2 )%4%C% # B
" >
x| % #
@?U B s %5"
1 8@2 )/ 8@2 "
9)*0 %) Z %
)REED) | B
% )%? @%1 "
9) /8@2 " " A4%@
" %C % &
29652 $

- 145 -

& CH

58,
%
3*541

9)*
/ #
)%)%5% ), <

)/ 8@2
9)*0 :%

%



Chapter 7 Other targets from D. radiodurans and S. pneumoniae

&
| | W
K | : W+ &
s : : @W9)* /8@2
@1 i i AW 9)* /8@2
! ! CW 9)*0:
n ! ! 5W 9)*0:
| : W )/8@2
) @4 c5 A1 W )/ 8@2
|
|

314 9)* C:
Figure 7.6: Western blot analysis of soluble and in  soluble cell extracts taken during
expression trials for DR_2284. One faint band appeared in Lane 6, corresponding to insoluble
expression by the BL21-Al cell line
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7.2.5 Future work for DR_2284
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9 Membrane proteins from D. radiodurans

9.1 Working with membrane proteins

#
8 7 $
% #
5 8"
$ %
+ @,Z
7 % :
&
R)*)S% # >
$
% ;"
I $ *,,2
@, ., R) *@0)*CS% #
W
$ % B
$
R)*5S%
+ $
$ $ $ $
R)*?0)*-S% ;
>
$ % # 4* 4@ "
9)*
$ " 0%
R)*?S $
% $

R)).S% ;" $

- 159 -



Chapter 9 Membrane proteins from D. radiodurans

R))*S%

% #

R))@ ))4S% #

$ R¥@S%
" $
$
. %
;
R))CS%
$
$
N2
$ %

R))S%
&

/+2

R))5S%

%

7 n
& [ G2%#

- 160 -



Chapter 9 Membrane proteins from D. radiodurans

9.2 Diacylglycerol kinase (DGKA)
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9.4 Materials and methods
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Table 9.1: Oligonucleotide primers for amplificatio n of bacA and dgkA genes. The restriction
sites incorporated into each primer sequence are shown in bold.
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9.5 Results and discussion
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Figure 9.1: Agarose gel showing successful PCR of dgkA from 1:0, 1:10, 1:20 and 1:40
dilutions of genomic DNA (stock concentration 0.375 mg/mL). Primers designed to produce N-
terminal and C-terminal 6xHis tagged constructs were used for the PCR reaction. PCR products
are shown by strong single 384 bp bands between 500 and 250 bp marker bands.
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Figure 9.2: Agarose gel imaging dgkA- pET-28b plasmids after digestion with  EcoRI. Positive
clones can be identified by three close bands; nicked (top), open coiled (middle) and supercoiled
(bottom) DNA. This pattern indicates that plasmid DNA was not cleaved by EcoR1, signifying that
the insert has been ligated into place. The single negative clone obtained is marked X and was
excluded from further studies.
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Figure 9.3: Agarose gel showing successful PCR of bacA from 1:10, 1:20 and 1:40 dilutions

of genomic DNA (0.375 mg/mL). PCR products are shown by strong 825 bp bands between 1000
bp and 500 bp marker bands. The absence of bands in lanes 1 and 6 signify that no amplification
occurred from undiluted genomic DNA.
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Figure 9.4: Agarose gel showing release of the 825  bp from the 5.5 kbp vector on digestion

of bacA-pET28b with Xhol and Ncol restriction enzymes. Release of the insert is indicative of a
positive clone. Negative clones (marked by X) are indicated by no evidence of insert release and
were excluded from further studies.
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C 5%;

Figure 9.5: Agarose gel imaging bacA- pET-28b (C-terminal 6xHis tagged) plasmids after
digestion with EcoRI. All of the clones are positive as shown by three close bands; nicked (top),
open coiled (middle) and supercoiled (bottom) DNA. This pattern indicates that plasmid DNA was
not cleaved by EcoR1, signifying that the insert has been ligated into place.
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9.6 Summary and conclusions
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