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Abstract 

cassettes, each cading for a specific set of amino acids. 
WErelTlSerted into two different fusion expression vectors and two 
direct expression vectors. 
proteolytic stability of the proteins is affected by the ~-termindL 
region of the pratein. 

m m m m  

A series of genes was generated from three interrbang eable 
?he genes 

'Ihe expression studies demonstzated that 

AutaMted synthesis has beaune an irrtegral part of genetic 
and protein erqineerinq researcfi. Utilizing the genetic ccde, it also 
opens the way for the design of cmpletely new proteins. 

Several uses can be envisaged for these proteins: (1) as sources 
of amino acids for individuals with genetic defects in amin0 acid 
metabolism; ( 2 )  to study the folding rules used to predict secondary 
protein struckre; (3) for proctuction of polymers w i t h  specific 
@ysico-chemical properties; (4) for production of proteins w i t h  
particular enzymatic or binding properties. 

For the design and expression of totally new proteins, which have 
not been optimized by the evolutionary praoess, it has to be considered 
that today it is difficult i f  not impossible t o  predict the tertiary 
structure of a protein and to define what makes it stable against 

proteases. 
proteins, we wished to construct proteins w i t h o u t  any specific binding 

folding up of pmteolytically stable secondary/tertiary structures. 

As a f i r s t  step i n  the exploration of the design of novel 

or enzymatic properties. Thus focussing only on the mecham 'ms of 
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l3EsuLE 

nutritionally significant narp3ositians of amino acids. 
produdion of a range of proteins, a stratqy was selected which 

utilized segments coding for defined groups of amino acids. 
in-edble CNA "CdSSetteS", A, B, and H, coding for essential, 
non-essential, and branched chain amin0 acids, respectively w e r e  

constnrcted. By Ccanbinirq these segments it was possible to produce, 

amoRgst othess, p r 0 t e h  Of "ype A, AB, AF-B, and AHB. 
consisting solely of essential amin0 acids, d d  be a valuable food 
additive. 
is a canplete protein supply. ?Lpe AF-B, of the same canpsition as 
AB but lacking phenylalanh, has potential as a protein supply for 
patients suffering fropn the genetic disease, phenylketonuria. Type 
AHB, with a high concentration of branched chain amino acids, could 
serve as a protein for ptients with certain form of liver 
insufficiency. To construct these three selpnents, synthetic 
oligonucleotides w e r e  generated and the double stranled sections 
assembled with the enzymatic llfilling in" mthod. Oligonucleotides 
were prepared frcan suitably protected deoxynucleoside B-cyamethyl 
Fa'losphoramiidites. 

Synthetic genes were designed w h i &  ccdd for proteins containing 

TO facilitate 

Three 

Type A, 

Type AB, containing all amino acids i n  optimal proportions, 

The three cassettes were ligate3 in a stepwise fashion into 
pKK233-2 vector. 
into the Ncol/HindIII art -33-2. The mwly created pKK-A vector and 
cassette B were then double idigestea with the next grcup of restriction 
enzymes, allowing Segment B to be insert& in the proper orientation 
(pKK-AI3). Segment H was added in a similar fashion (pKK-AHB). 

newly constructed plasmids were transformed into E.coli HBlOl. 

analysis. 
The various cloned genes w e r e  excised from their respective pKK 

plasmids and inserted into three different expression vectors (lSJFl300, 
px~22lN,  and pBI052) for amlysis of exprE?ssion in vitro and in vivo 
(E.coli minicells) . 
modified, to beccme lSJFl300, by the addition of a m unique NcoI site 

phase with A-gdLactosidase. 

A double digestion allowed insertion of cassette A 

The 
T h e  

cloned gene sequences W2I-e confirmed by Maxam-Gilbert sequence 

The B-galactosidase fusion vector puR292 was 

t h e y  a1.1owh-q 611 the described synthetic genes to be inserted in 
Anather fusion vector, pGFY22lN, was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHETIC GENES FOR TOTALLY ARTIFICIAL PROTEINS 685 

meated from pGFy218L by replacing the PStI site with an NcoI site. 
The reccanbinant proteins made from this vector contain an  termin in dl 
leader sequence consisting of six amino acids. 
was remmed from the AB vector, to c r d x  AF-B, by cassette 
mutaqenesis. 
derivatives were created from pGFY22lN by remval of the Ncol/EcoI 
fragment (22lbp) containing the six amin0 acid leader sequene and the 
upstream located bla prmnrter. 
Synthesized 52 base pair segment Which contained an efficient E.coli 
tranlational initiation region. 
directly. 

The phenylalanine codon 

The direct expmsion vector pBI052 and all its 

In its place was ligated a chemically 

from this vector were expressed 

In the expression experiments using pKK construds despite 
efficient transcription, no translation prcducts could be detected in 
either miniells or the in vitro system. Ccaqxter analysis revealed a 
th- 'cally stable hairpin loop structure of the mRNA that could 
potentially have masked the ribcaane binding site themby inhibiting 
translation. 
artificial fusion proteins could be efficiently expressed as 
R-galactosidase fusion proteins in pUR300. 
fusion proteins from pGyF22lt-J indicated efficient translation of all 
gene prcducts except 1-AHB and cmplete full length expression 
products. Apparenuy the six amino acid leader sequence (1-) prevents 
translation in the AHB gene. 
product stability suggesting proteolytic activity against these 
pmtt=ins since they wem stable in vitro. AHB and AF-B are unstable 
or toxic. 
efficient and ccapslete full length expression products. 
expression indicated variable product stability sugyesting proteolytic 
activity against these proteins since they were stable in vitro. 

Both in vitro and in vivo qpriments showed that the 

In vitro expression of 

In vivo expression Mated variable 

Direct in vitro expression of proteins frcan pBI052 indicated 
In vivo 

DISCUSSION 
The introduction of six amino acids at the N-terrmnus * apparently 

changes the confomtion of expressed proteins in a significant way. 
Depending upon the sequem=e, this leader sequence can stabilize or 
destabilize the structure. The presence or absence of phenylalanine 
also can dramatically affect the stability. In coxqyring AB and AF-B 

in the direct expression vector, it is noted that AF-B is very stable 
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AB is capletely degraded. The presence of phmylalanine at 
position 3 has apq?arently a significant effect on the stability of the 
protein as a whole. !thse results are an interesting exception to the 
"-end rule' which stresses that the N - t e m h l  amino acid confers 
pmteolytic stability to the prutein. 
that the N-terrmnal ' part of the prutein plays a signficant mle. 
may be that it form a core slxwtwe which predetenaines during 

protein biosynthsis the later confonnatioml/structural changes and 

H a e v e r ,  our mts damstrate 
It 

tertiary s t n l w .  

REFERENCES 
J . B i e . m a t ,  H. Hasselmann, B. H o f e r ,  N. Kennedy an3 H. Kbster, 1. 
aoteh Engineer-, 1, 345 (1987). 

2. J. B i e m a t  and H. hrotein EkJbEer-, 1, 353 (1987). 
3. B. H o f e r ,  Eur. J. Biochem.,  167, 307 (1987). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


