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1. Introduction

1.1 Molecular cloning technologies

6

) 0 0

HFI

$9 C$ '4 DHE 32I =

< C D H3>| : H3@I6

( - (

H3 >|

(( (

H@I - H? BI6

C+: D HAI +:

: H33I +: H31l :

(



H@ BI6 < 0
6 -( 0
( (
4 HA 31 3@I6
0
( HA 3?16
( &
! 6 0
(
! (
0 6
( (
6<
( 6

1.2 Error correction technologies

H>1 >BI6

6 <

$9



& ( $9 H>F >El

( H@2@1l ( 6 -( (
H>F >Al6 0
&
6
( 6
0 !
C DH@>! 0
C +DH@@! ( 6
! (
0 H>FI6 *
0 0
0
H@?16
(
0 6
0

0 H@BI6:



0 H>B @F ?2I6 =

C66=D ( $9

(  ( H@B ?3 7216 -( =

& 0 0 (
0 ( 6
( !
! ( (
0 (
6 o
@ 5: 5 -
( ( I H?>27216 +
3
$9 H?B ?FI6 :
31 6 +



@2 R>2&6: ]
( + H?B B2I6 :
( ( !
+ ( (
HB3I6 !
( C 4D ( !
4 - - 3 RAF22 6

1.3 Genetic manipulation of protein expression
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1.4 Codon usage and protein expression regulation
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2. A novel method for cloning of gene libraries and
multi-DNA fragment assembly

2.1 Introduction
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2.2 Materials and methods

2.2.1 Reagents and equipments
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2.2.3 Design of overlapping sequences between vecto
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a Gene insert

ATGACCATGATTACGCTGGCC ______ AATCTGCTCTGATGCCGCA
TACTGGTACTAATGCGACCGG TTAGACGAGACTACGGCGT
5% CACACAGGAAACAGCTATGACCATGATTACGCTGGCC->3" 3'<-TTAGACGAGACTACGGCGTGTAGTAGTAGTGGTGGTGATCAAT -5*
3’<- GTGTGTCCTTTGTCGATACTGGTACTAATG -5" 5 GCACATCATCATCACCACCACTAGTTAAGCCTGCCCCGACAC ->37
| |
CACACAGGAAACAGCTATGACCATGATTAC TAGTTAAGCCAGCCCCGACAC
GTGTGTCCTTTGTCGATACTGGTACTAATG His6-Tag TATCAATTCGGTCGGGGCTGTG
Vector
LacZa library
b CAATTTCACACAGGAAACAGCTATG o o CATCATCATCACCACCACTAGTTA
GTTAAAGTGTGTCCTTTGTCGATAC GTAGTAGTAGTGGTGGTGATCAAT
5'-CAATTTCACACAGGAAACAGCTATG->3 3°<¢-GTAGTAGTAGTGGTGGTGATCAAT-S’
3'<-GTTAAAGTGTGTCCTTTGTCGATAC-5 5’-CATCATCATCACCACCACTAGTTAAGCCAGCCCCGACAC->3’
I I I
CAATTTCACACAGGAAACAGCTATG TAGTTAAGCCAGCCCCGACAC
GTTAAAGTGTGTCCTTTGTCGATAC ATCAATTCGGTCGGGGCTGTG
Vector
LacZa libra
c CAATTTCACACAGGAAACAGCTATGAC "V CGGGTACCGGTCGCCACCATG
GTTAAAGTGTGTCCTTTGTCGATACTG GCCCATGGCCAGCGGTGGTAC
GFP library
CAATTTCACACAGGAAACAGCTATGAC CGGGTACCGGTCGCCACCATG o TGAGCGGCCGCGACTCTAG
GTTAAAGTGTGTCCTTTGTCGATACTG GCCCATGGCCAGCGGTGGTAC ACTCGCCGGCGCTGAGATC
TGAGCGGCCGCGACTCTAG
ACTCGCCGGCGCTGAGATC
Vector
+
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2.2.4 Preparation of linear vector
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2.2.5 Preparation of inserts
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2.2.6 CPEC cloning
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2.2.8 Combinatorial library cloning
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2.2.10 CPEC product gel electrophoresis
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2.3 Results
2.3.1 CPEC cloning of a single gene
( -

'3E ( C

cCDh- - - B2GF2Z

D6

1@

8(

D6/



$9

$9

D6

C<

1?

322K

D6



<
! ) &!
+ & % 37/
" " ( % )<<
! )+7: " 8 (
1% <
$ % "
% *
2> *12
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2.3.4 CPEC cloning of multi-component pathway
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2.4 Discussion and conclusions
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3. Error-correction in gene synthesis and optimizat ion
technology

3.1 Introduction
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3.3.3 Reduction of error frequencies after ECR
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4. High-throughput protein expression screen strate

4.1 Introduction
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4.2.3 Enzymatic error correction
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4.2.5 Evaluation of the expression levels of synthe  tic lacZ gene
library

/I 372 +% (
( >FZ6
( 3? @A >FZ
6 -
3E1 - 1
( )] 6
] 7 6
( 6 % -
7 1 >2 6
HFEI6 - - ( 6<

4.2.6 Plasmid library construction using CPEC metho d

( <3- B
55 (  C 54< #D
< C + D6 ( L4
o - 6

B>



( H@@ ?>16 % 1?22

( - - 3)1 1?7 M

727 32 F1z 3? _

F1z ? 6/ @M

6
Plac
’,;/ __ Hisé-tag
Puull pUC origin » %_TF
i s' MCS —__TVMV cleavage site

| \

puUC | |
ACGFPI pACcGFP1-TF ‘ \r_,,.,ACeFM

pACGFP1 o a8y N

331 ~F i "\\ //

3 mes \ y
(1011-1108) =
Ampl>\\\
S
+ $ ! N % "
&G? 2( ;
4.2.7 Protein expression screen
( - +% 322
M 8 6 - 3222G3 7?22 3G32 -
< - ( + % >FZ-

& 6 - 3)?2 - >FZ
CB22Q 267D - - >27 3=

- 6 @ 32 -



C.( D6 -
32 0 -
31K c:( D

3@ 222

9 @G

4 C D6

4.2.8 Cleavage and purification of transcription fa  ctor—-GFP fusion

proteins
<
- !
4.32>F ( 5=5
- 322M8 >2M8 &
C3 D- 222
C 82Q26?D -
3 =6 @
6
B

3[+/% C %D

9% C' %D

- 3[+/

Z6 - 3[+/

>FZ

! >2

32222 >2 @z

222 >2 @

C%w &



32222 2 @z (

6 - 9
$ Cw%D - & 6
4.3 Results
( ! - (
$9 26?G3 & 6 -
( -
6 -
I &7 $9
! H?BI6 - - 372
M U P -
HA216 - 3aa[>aa (
>2 >B3 I 0 $9
0 6/ 32 A>2 A?
0 ! (
R>2 & $9 6
/ (
- 6: (

BB



R1

0
!
C$D
CD
0
C D
6
C66 %

D6

BF

<

H?216

D6 %

HA3I6

>a

C66 96% 9%:D6

6/



'i>cb]c.'>~
I F

In =ity amplification

< ]
I #
*E 12 11
% "1
*
> % ! % $
% * 2>2> %
I I
&
$ - 6
- $
6
4C & D6 !

BA

W™ 1
d |il (
t

-
.

Gene assembly

12

% +4(



267G3&  (

6 + 0
267G3 & &6
a 100bp
Ladder
500 bp
<« ~ 160bp
nSDA-PCA PCR
& "l (1
1( % !
6
"12 " "1 8 6
1( % "l 6
-
+
- - ! (
6
+ - ( }
H?EI6

b RFP

BE

100bp
ladder

723bp 500b
p

33(
" (



( 46
) 8 | 8 (!
6 % % ! %
! 8
! "H $%4&%" (%
: * ! ' " $%|& "1 I( %
( - |
4< ( - - 6
/ 0
0O 6% 0 @F2
- ( 0 3871B C R36E &D 38?>El
C R263E &D ( ( C
) D6 - R?2K A@K 4<
; ( G
C D6 0
- C > D6
- - ( 0
& HB1I6

F2



a 100 4

3
» B0
|
E a0 -
]
E2ﬂ"
['8 u_
Uncorrected Error-corrected
b
£
(-9
1 4 5 6 7 8 9 10
Product length (kb)
!
% ! 6
% ! -( 6
% &3)/ %
% ! ! 7</
% $ 1+333 "
el ( % H: 1 "
% ! !
g ! J3r =" ol
8 ! Joro
ll! ! mn mn
8 % 8 ")
!
(
u ( P6 -
6 &

F3

%



B>D6

(

C: D6<

D6

F1

6/



fai]
(=2
o
?

L
:

DNAoBEDD 0 O e i
= e > 0.6
L - 0o =l ‘m
= = ==
=l=[= o o : N E
.......... C ol —— 0.5
i e
= OooE BBn D oo - EER
us R OOROOHERS S 0.4 5 1
t 2 EREEE maEng)

% " <7

% H "$ $ K * %

/ ! F@$

9%CH9 $9 D 7 HA1ll6/

F>



3?

HA>I

F@

C9696 O .6 6/6 D6

C 7
C DHO@I6
6 <
0 6
0

D6



3?

1.0kb
0.5kb

M M 35 3 37 38 30 40 41 42 43 M4 45 46 47 48 49 50

M &0 61 62 6 &4 65 & & 68 69 F0O 71 T2 73 04

7 mn
6 " B<1
L3+(3&* @ ”
33(" 12 % (! 8 $
0 - (
6 -
C ' $ D6
(
6



R?2GB2K 6

I

AR -

(WT Op)

# L 333. &33 %
% 1 &
)3 & %
$ % (! K
- ) I'$

FB

%

$ % (



C 7 )3 D6/ !

0 0O 6
C :DH12I - 0
( 0
C26F?BY 262@3D - 0 C26BB>Y 262@FD
c" + "< D -
(6
< (C (- 5=5
- 9% C )33> D64 ( <
0 6
+ & $ # 8
i % (! ($ 8 ., %
, 00 0, H7<I
+, -1/ - 10
I(#1* ("
. I(#%"  |1(#1%
-$ I(* I(*
) I 1
1 TG A (€15
2 I(#" I(**
I(#$% | (M
I(# 1(*%%
% |(## I(*1$
3 I('$ I(* %
3 Wt | \(#
3 @ |
3" % | (¢
4 #% | 10
5 s | I#"

FF



< , & $ #
8 (O % (!
6% I(* I(* 2-6% I('$ 1(*#%
6 I(#* I(*" #6 I(#%' I(*1
76% (#" I(*# #6$ I('! (%4
6 I I(#" % 6 I(#" 1(*%"
6% I(#$ I(* %6% I(1# I(#
6% |(#$* I(*# , 6 I * I(*
6 (1 1(*'% 8 6 I(#' e
6% I(# 1("%' 8 6% I(##$ | 1(*%
. 6 I(# * I(#' 6 I(#" 1("%
6% I(#% I(* 6% I(#" I
6 I(#$ ("% 6 I('! ("%
6% I(#'* I(* 6 I('# I(*!
#'6 |(#%# 1(*%' 6% |(#$* 1(**%
#6 I(#* I 6 I(# I("#
#6 % I(#% I(*$" 96 I(#" I(* #
26 I(# (¥ 96 $ I(# * 1("%*
269% |(## I(#! )8)6 (#" |(*%t
26 I(# e )8)6%$ |(## I(# %
26 $ I('1$ I(* <6$ I(#! I(*
2#'6 I('! I(** 6 I(# * I(* %
6 I(#$ (" 6% I(#! I(*"$
6% 1(*%$ I 6 (# ("
226 I(#1* I(#! 6% 1(*% I(**
2'6$ I 1(*%% %$ 6 $ I(1$ ("
=/ 6 | (#tt* 1(*$ 296 I(#* T
:2 %6 |(#4# I(* 76 I(#"* ("
2 %6 $ I(#! (" * 6 I(#$ I
26 I(#1# I 0>6 |(#%% 1(*"%
269% (#! I 0>6 $ I(#% |(#
2-6 |(## I

FA




3&

3& - E|
! 0 D6
R>2& 0 - _b262238
)
I 32 A>2 0
>2 222 0
CE D
b>26

_ b>28>2222 Qb262238

_ b262278

0 261 8&6

D C 4D

FE

HB116

C3P

CE

>PD -

Cs$D

>2



>2
$
bF2 6
b?26
6/
a

@M >2Q312M6

bC>2VF2V?2D8>2 222 Q b2622?78 !

-~ —15kD

‘ “ —10kD

M M

- -
- :—mo

M M !_

: &l [T
: - !i:—um

- 4 =m

- | - - -
1(; %

9 | $
$ %
% M> N;

A2



9 ( % * 9

4.4 Discussion and conclusions

3 222G3 ?22

A3

6 <

%



5. Screening and optimization of synthetic long gen es

5.1 Introduction
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5.2 Materials and methods

5.2.1 Reagents and primers

$9 -
4 % C9%D 0%$9 - % C9 %D
4 C D 9 C@2= 9%D6. #0
9 4 (. C# 9D#0 & . C# 9D
#. 9 = . C# 9D6 0O $6 $9
C! % D ( C 5 D C 9
4 D C= % 4D
(! < 6
< 4 1 1+C?P D
4 C?P D - 6< 4
<+ C?P
D < 4 C?P D -
< 4 ( <3 <<-C?
<3 4(C?P D- 6 <

A>



4 < 0<C?P D < 04( C?R-1 .1
111- -1--- D - 6< O < 0<-1C?P

D < 04(1C?P D - 6

5.2.2 Oligonucleotides and genes

- < 16 - EF1 EAF E@A
31E2 (6 - - !
6 - B2 6
0o - ( I 6
( ! - R32 3126 - !
$6 $9 16 (
- ( 6% - 1
- 60
- - B 6 -
#0 &9 4 (.6
- & -
6

5.2.3 Polymerase cycling assembly (PCA)

- 26?M $9 32M < 4 % 3M

A@



@2 - 32 EAZ - 2637 8

F2z 7?27 722 1 F1z 3?7 -

6 - - ? F1Z 6

5.2.4 Polymerase chain reaction (PCR)

2M (1M - - 32M
<% 16?7M - ( 3M 9
267M  $9 16: 4 >2
EAZ >2 - 32 EAZ
?2BZ 1 F1Z 3?7 &- 6
- - ? F1Z 6

5.2.5 Plasmid library construction using CPEC metho  d

+ 1 < - 4
( <3- - - =
< & ( 6 oo <3
( 0o - 6
- ( H @@ ?>16 %
( - - 3)1 ?2 M
6 (( 12 EAZ 32
Bz 1 F1z 3? C=

A?



< D >2 C 1D -

@M -

5.2.6 Plasmid PCR

22M ( - - 32
% 167 M
9 267M  $9
>2 EAZ >2 - 32
EAZ - 26328 F1Z ?>R?BZ
F1Z 32 &- 6
2 F1Z 6

5.2.7 Sequencing preparation and sequencing

?M 4 - - 1M
FM ( 6 - >F
A2 6 3?
6 4 -
0 3M 4 -
M= 0 1 (
$& $9 < &

16

31M6 0

F1z ? 6

3M

?>R?BZ 1

3?

0 6¢<

26? M 32



5.3 Results

?22 -
0
& ( 'R3& -
0 ( 0
6 - ( (
(
6 - @ R3& C=
< D 3 R36>& C 1D- (
& & 16
! ) 6/
- )
- <3(
6: -
< 6:
A 32 - - $9 6
4 CcC &b
C I - -
- L I - - - 8 D6

AF



AA

B2

6 B2

16



Step 1

Step 2

Step 3

Step 4

Step 5

Gene fragment 1

=
¢

Gene fragment 2

Gene fragment library
cloning into vector

Gene fragment library screening

Extract plasmids from
highest-expression clones

l

< |

AE

Plasmid PCR

Assemble fragment library with
hybridizing degenerate connector



Step 6

Clone full-length gene library
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Appendix A

Supplementary sequences
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