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(57) ABSTRACT 

The present invention relates to a method of identifying a 
heterologous polypeptide having enzymatic activity for con 
Verting pyruvate, acetaldehyde or acetate into acetyl-CoA in 
(the cytosol of) a yeast cell comprising: a) providing a 
mutated yeast cell comprising a deletion of at least one gene 
of the (PDH) by-pass, selected from the genes encoding the 
enzymes pyruvate decarboxylase (PDC), acetaldehyde dehy 
drogenase (ALD), and acetyl-CoA synthetase (ACS); b) 
transforming said mutated yeast cell with an expression vec 
tor comprising a heterologous nucleotide sequence encoding 
a candidate polypeptide having potential enzymatic activity 
for converting pyruvate, acetaldehyde or acetate into acetyl 
CoA.; c) testing said recombinant mutated yeast cell for its 
ability to grow on minimal medium containing glucose as 
sole carbon Source, and d) identifying said candidate 
polypeptide as a heterologous polypeptide having enzymatic 
activity for converting pyruvate, acetaldehyde or acetate into 
acetyl-CoA in (the cytosol of) said yeast cell when growth of 
said cell is observed. The invention further relates to a method 
of producing a fermentation production Such as butanol. 
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ACETYL-COA PRODUCING ENZYMES IN 
YEAST 

FIELD OF THE INVENTION 

0001. The present invention is in the field of metabolites 
production in yeast using heterologous expression systems. 
In particular, the present invention relates to the metabolic 
engineering of yeast Strains capable of producing metabolites 
that require cytosolic acetyl-CoA as a precursor, such as 
butanol-producing yeast strains. The present invention relates 
to an assay system for identifying heterologous enzymes 
capable of converting pyruvate, acetaldehyde or acetate into 
cytosolic acetyl-CoA when expressed in the cytosol in yeast. 

BACKGROUND OF THE INVENTION 

0002 Acetyl-coenzyme A (CoA) is an essential interme 
diate in numerous metabolic pathways, and is a key precursor 
in the synthesis of many industrial relevant compounds. Such 
as fatty acids, carotenoids, isoprenoids, vitamins, amino 
acids, lipids, wax esters, (poly)Saccharides polyhydroxyal 
kanoates, statins, polyketides and acetic esters (such as ethyl 
acetate and isoamyl acetate). In particular, acetyl-CoA is also 
the precursor of the industrially important bulk chemical 
1-butanol. 
0003 Compared to bacteria, such as E. coli, yeast cells 
provide a very suitable alternative to produce the above 
mentioned acetyl-CoA derived products, in that yeast is not 
susceptible to phage or other infection since yeast-based pro 
cesses may be run at low pH. Therefore, the use of yeast does 
not require asterile process, thereby lowering the cost price of 
the product of interest. 
0004. When natural (wild type) yeast is not able to pro 
duce the acetyl-CoA-derived product of interest, the use of 
metabolic engineering can provide for yeast cells expressing 
heterologous genes that could support such a process. In Such 
cases, the heterologous gene products are usually targeted to 
the cytosolic compartment of yeast. As the biosynthesis of 
acetyl-CoA-derived product will take place completely or 
partially in the cytosol, the Supply of sufficient amounts of the 
precursor acetyl-CoA in the cytosolic compartment is crucial. 
In Saccharomyces cerevisiae, biosynthesis of acetyl-CoA 
takes place in two separate compartments. In mitochondria, 
acetyl-CoA is synthesized by oxidative decarboxylation of 
pyruvate catalyzed by the pyruvate dehydrogenase complex 
(PDH), with the following overall reaction stoichiometry: 

0005. In cytosol, acetyl-CoA is synthesized via the pyru 
vate dehydrogenase (PDH) by-pass, involving the enzymes 
pyruvate decarboxylase (PDC), acetaldehyde dehydrogenase 
(ALD), and acetyl-CoA synthetase (ACS), with the following 
overall reaction stoichiometry: 

0006 Pyruvate-decarboxylase-negative (Pdc-) mutant of 
the yeast S. cerevisiae does not have a functional PDH by 
pass, and cannot grow on minimal medium with glucose as 
the sole carbon source due to inability to supply (sufficient) 
cytosolic acetyl-CoA for growth (Flikweert et al., (1996) 
Yeast 12:247-57). The PDH by-pass is therefore essential in 
providing acetyl-CoA in the cytosolic compartment. How 
ever, the PDH by-pass in yeast is not optimal with respect to 
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the energy balance, as can be seen from the overall reaction 
stoichiometry: 2 moles of ATP are needed per acetyl-CoA 
synthesized via the PDH-bypass since in the acetyl-CoA syn 
thetase reaction ATP is hydrolyzed to AMP. In contrast, the 
mitochondrial pathway via the PDH requires no ATP. The 
additional ATP requirement of the PDH by-pass can presenta 
problem for synthesizing the product of interest from cytoso 
lic acetyl-CoA precursor, as more carbon Source needs to be 
diverted for ATP generation, via e.g. oxidative phosphoryla 
tion and/or substrate phosphorylation (e.g. glycolysis), 
thereby lowering the overall yield of the product on carbon. 
0007 When yeast is metabolically engineered to produce 
1-butanol, heterologous biosynthetic genes of 1-butanol can 
be expressed in the cytosol in yeast cells (WO 2007/041269). 
In general 1 mole of glucose give rise to 2 moles of acetyl 
CoA via glycolysis, which is the precursor of 1 mole of 
butanol; hence a maximum of 1 mole of butanol can be 
synthesized per mole of glucose if cell growth and mainte 
nance is not considered. However, when the PDH by-pass is 
used in combination with butanol biosynthesis, this maximal 
theoretical yield cannot beachieved due to energy imbalance: 
whereas 2 moles of ATP are generated per mole of glucose 
converted in glycolysis, a total of 4 moles (2 times 2 mole) of 
ATP are needed in the PDH by-pass to form 2 moles of 
acetyl-CoA, which are converted to 1 mole of butanol. Thus, 
there is a net shortage of ATP if the PDH by-pass were used to 
synthesize 1 mole of 1-butanol from 1 mole of glucose. 
0008 Thus, there is a need for the identification of pos 
sible alternative metabolic routes for producing cytosolic 
acetyl-CoA in yeast, for the production of acetyl-CoA-de 
rived products, in particular butanol, wherein the PDH by 
pass is not required. 
0009 Butanol is an important industrial chemical and is 
Suitable as an alternative engine fuel having improved prop 
erties over ethanol. Butanol also finds use as a solvent for a 
wide variety of chemical and textile processes, in the organic 
synthesis of plastics, as a chemical intermediate and as a 
Solvent in the coating and food and flavor industry. Butanol 
can be produced from biomass (biobutanol) as well as fossil 
fuels (petrobutanol). 
0010. The chemical synthesis of butanol in one of its iso 
mers can be accomplished by a variety of available methods 
known in the art (see e.g. Ullmann's Encyclopedia of Indus 
trial Chemistry, 6th edition, 2003, Wiley-VCHVerlag GmbH 
and Co., Weinheim, Germany, Vol. 5, pp. 716–719). These 
processes have the disadvantage that they are based on the use 
of petrochemical derivates, are generally expensive, and are 
not environmentally friendly. 
0011 Biological synthesis of butanol can be achieved by 
fermentation using the acetone-butanol-ethanol (ABE) pro 
cess carried out by the bacteria Clostridium acetobutyllicum 
or other Clostridium species. An important disadvantage of 
the ABE process, however, is that it results in a mixture of 
acetone, 1-butanol and ethanol. Moreover, the use of bacteria 
requires sterile process conditions and generally renders the 
process Susceptible to bacteriophage infection. Yeast cells 
thus provide a very suitable alternative as described above. 

SUMMARY OF THE INVENTION 

0012. The present inventors have now identified alterna 
tive metabolic routes for increasing the production of cytoso 
lic acetyl-CoA in yeast which can overcome the problems of 
the PDH by-pass. 
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0013. One possible route includes the direct conversion of 
acetaldehyde to acetyl-CoA without ATP consumption, by 
use of an acetylating acetaldehyde dehydrogenase (E.C. 1.2. 
1.10) (see FIG. 2, reaction A, ACDH). Another route includes 
the direct conversion of pyruvate to acetyl-CoA by an enzyme 
or a multi-enzyme-complex without ATP consumption, for 
instance, by use of a pyruvate:NADP oxidoreductase (E.C. 
1.2.1.51) see FIG. 2, reaction C, PNO). In these two possible 
routes, the formation of 1 mole ofbutanol per mole of glucose 
would result in the formation of 2 moles of ATP. Yet another 
route includes the conversion of acetate to acetyl-CoA with 1 
ATP consumed per acetyl-CoA formed by an alternative 
enzyme or a combination of enzymes, for instance, by use of 
acetate:CoA ligase (ADP-forming, E.C. 6.2.1.13), or by use 
of ATP:acetate phosphotransferase (E.C. 2.7.2.1) in combi 
nation with acetyl-CoA:Piacetyltransferase (E.C. 2.3.1.8). In 
this route, the formation of 1 mole of butanol per mole of 
glucose is ATP-balanced, i.e. no ATP will be formed. The 
present inventors have now found that Such an alternative to 
the PDH by-pass can result in acetyl-CoA synthesis in the 
cytosol of the yeast, and that such acetyl-CoA can be used 
biosynthetically to produce higher amounts of desirable fer 
mentation products, such as butanol. 
0014. In a first aspect, the present invention provides a 
method of identifying a heterologous polypeptide having 
enzymatic activity for converting pyruvate, acetaldehyde or 
acetate into acetyl-CoA in (the cytosol of) a yeast cell com 
prising: 

0015 providing a mutated yeast cell, wherein said 
mutation comprises an inactivation of at least one gene 
of the (PDH) by-pass, selected from the genes encoding 
the enzymes pyruvate decarboxylase (PDC), acetalde 
hyde dehydrogenase (ALD), and acetyl-CoA synthetase 
(ACS); 

0016 transforming said mutated yeast cell with an 
expression vector comprising at least one heterologous 
nucleotide sequence operably linked to a promoter func 
tional in yeast and said at least one heterologous nucle 
otide sequence encoding at least one candidate polypep 
tide having potential enzymatic activity for converting 
pyruvate, acetaldehyde or acetate into acetyl-CoA: 

0017 testing said recombinant mutated yeast cell for its 
ability to grow on minimal medium containing glucose 
as sole carbon source, and 

0018 identifying said candidate polypeptide as a heter 
ologous polypeptide having enzymatic activity for con 
Verting pyruvate, acetaldehyde or acetate into acetyl 
CoA in (the cytosol of) said yeast cell when growth of 
said cell is observed. 

0019. In a preferred embodiment of said method the yeast 
cell is a cell of Saccharomyces cerevisiae and the heterolo 
gous nucleotide sequence is codon (pair) optimized for 
expression in Saccharomyces cerevisiae. 
0020. In another preferred embodiment, said mutation 
comprises an inactivation of the gene for acetyl-CoA syn 
thetase isoform 2 (acs2). 
0021. In another preferred embodiment, said at least one 
candidate polypeptide having enzymatic activity for convert 
ing acetaldehyde into acetyl-CoA is a (putative) acetylating 
acetaldehyde dehydrogenases. 
0022. Alternatively, said at least one heterologous 
polypeptide having enzymatic activity for converting pyru 
Vate, acetaldehyde or acetate into acetyl-CoA in (the cytosol 
of) a yeast cell may consist of two or more enzymes working 
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together to achieve the desired conversion from pyruvate, 
acetaldehyde or acetate into acetyl-CoA. 
0023. In another aspect, the present invention provides an 
integration vector for the integration in a yeast genome of a 
heterologous nucleotide sequence encoding a polypeptide 
having enzymatic activity for converting pyruvate, acetalde 
hyde or acetate into acetyl-CoA, and the Subsequent expres 
sion of the heterologous polypeptide therefrom. 
0024. In another aspect, the present invention provides an 
expression vector expressing heterologous polypeptides in 
yeast, said expression vector comprising a heterologous 
nucleotide sequence operably linked to a promoter functional 
in yeast and said heterologous nucleotide sequence encoding 
a polypeptide having enzymatic activity for converting pyru 
Vate, acetaldehyde or acetate into acetyl-CoA in (the cytosol 
of) said yeast cell. 
0025. In a preferred embodiment of said vector the 
polypeptide having enzymatic activity for converting pyru 
vate, acetaldehyde or acetate into acetyl-CoA is identified by 
a method according to the present invention as described 
above. 
0026. In another preferred embodiment, said polypeptide 

is selected from SEQ ID NO: 19, 22, 25, 28 and 52 and 
functional homologues thereof. 
0027. In another preferred embodiment, said expression 
vector is for expression in Saccharomyces cerevisiae, 
wherein said heterologous nucleotide sequence is codon 
(pair) optimized for expression in Saccharomyces cerevisiae. 
0028. In another preferred embodiment, said heterologous 
nucleotide sequence is selected from SEQID NO: 20, 23, 26 
and 29. 
0029. In another aspect, the present invention provides a 
recombinant yeast cell comprising the expression vector of 
the present invention as described above. 
0030. In a preferred embodiment, the recombinant yeast 
cell further comprises an inactivation of at least one gene of 
the (PDH) by-pass, selected from the genes encoding the 
enzymes pyruvate decarboxylase (PDC), acetaldehyde dehy 
drogenase (ALD), and acetyl-CoA synthetase (ACS). 
0031 Preferably, a yeast cell according to he present 
invention comprises an inactivation of a gene encoding an 
acetyl-CoA synthase. 
0032. In another preferred embodiment, the recombinant 
yeast cell further comprises an inactivation of a gene (nucle 
otide sequence) encoding an enzyme capable of catalysing 
the conversion of acetaldehyde to ethanol, preferably a gene 
encoding an alcohol dehydrogenase. 
0033. As used herein, inactivation of a gene (nucleotide 
sequence) encoding an enzyme may beachieved by mutation, 
deletion or disruption of (part of) a gene or nucleotide 
sequence encoding an enzyme. 
0034 Preferably a yeast cell according to the present 
invention shows growth on minimal medium containing glu 
cose as sole carbon source. 
0035. In another preferred embodiment of a yeast cell of 
the invention, said yeast cell further comprises one or more 
introduced genes encoding a recombinant pathway for the 
formation of 1-butanol from cytosolic acetyl-CoA. Suitable 
recombinant pathways from acetyl-CoA to 1-butanol are 
known in the art. Such pathways are for instance known from 
WO 2007/041269. Preferably said one or more introduced 
genes encode enzymes that produce acetoacetyl-CoA, 3-hy 
droxybutyryl-CoA, crotonyl-CoA, butyryl-CoA, butylalde 
hyde and/or 1-butanol. Said enzymes can be: 
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0036) acetyl-CoA acetyltransferase (E.C. 2.3.1.9 En 
Zyme Nomenclature 1992, Academic Press, San Diego; 
although, enzyme’s with a broader Substrate range (E.C. 
2.3.1.16) will be functional as well), which converts 2 
moles of acetyl-CoA to acetoacetyl-CoA: 

0037 NADH-dependent or NADPH-dependent 3-hy 
droxybutyryl-CoA dehydrogenase E.C. 1.1.1.35 or E.C. 
1.1.1.30, resp. E.C. 1.1.1.157 or E.C. 1.1.1.36), which 
converts acetoacetyl-CoA to 3-hydroxybutyryl-CoA: 

0038 3-hydroxybutyryl-CoA dehydratase (also named 
crotonase; E.C. 4.2.1.17 or E.C. 4.2.1.55), which con 
verts 3-hydroxybutyryl-CoA to crotonyl-CoA: 

0039 NADH-dependent or NADPH-dependent 
butyryl-CoA dehydrogenase (E.C. 1.3.1.44 resp. E.C. 
1.3.1.38 or E.C.1.3.99.2), which converts crotonyl-CoA 
to butyryl-CoA: 

0040 monofunctional NADH-dependent or NADPH 
dependent aldehyde dehydrogenase (E.C. 1.2.1.10, or 
1.2.1.57), which converts butyryl-CoA to butyralde 
hyde, and 

0041) NADH-dependent or NADPH-dependent 
butanol dehydrogenase (E.C. 1.1.1.-), which converts 
butylaldehyde to 1-butanol, or 

0042 bifunctional NADH-dependent or NADPH-de 
pendentaldehyde/alcoholdehydrogenase (E.C. 1.1.1.1./ 
1.2.1.10), which converts butyryl-CoA to 1-butanol via 
butyraldehyde 

0043. In another preferred embodiment of the invention a 
yeast cell is a Saccharomyces cerevisiae. 
0044. In another aspect, the present invention provides a 
method of producing butanol, comprising the steps of fer 
menting a suitable carbon Substrate with a yeast cell accord 
ing to the present invention and recovering the butanol pro 
duced during said fermentation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIG. 1 is a schematic presentation of the PDH by 
pass showing the enzymes pyruvate decarboxylase (PDC; 
E.C. 4.1.1.1), acetaldehyde dehydrogenase (ALD: E.C. 1.2. 
1.3, E.C. 1.2.1.4 and E.C. 1.2.1.5), and acetyl-CoA synthetase 
(ACS: E.C. 6.2.1.1). 
0046 FIG. 2 shows a schematic metabolic route for 
butanol production in Saccharomyces cerevisiae. Reactions 
1-6 are the butanol biosynthesis steps from Clostridium 
acetobutylicum introduced in yeast. A, B, and C indicate 
alternative reactions for acetyl-CoA biosynthesis in the cyto 
Sol. B indicates part of the pyruvate dehydrogenase by-pass 
(pdc, ald and acs), the natural Source of cytosolic acetyl-CoA 
in yeast. Glc, glucose: EtOH, ethanol; Pyr, Pyruvate: AA, 
acetaldehyde; ACT, acetate; AcCoA, acetyl-CoA: AACoA, 
acetoacetyl-CoA: BuCoA, butyryl-CoA: Bual, butylalde 
hyde; BuOH, butanol; NAD(P)(H), nicotinamide adenine 
dinucleotide (phosphate) (in reduced form); ATP, adenosine 
triphosphate: AMP adenosine monophosphate; TCA cycle, 
tricarboxylic acid cycle; PDH, pyruvate dehydrogenase; pdc, 
pyruvate decarboxylase; adh, alcohol dehydrogenase; acdh, 
acetylating acetaldehyde dehydrogenase; ald, acetaldehyde 
dehydrogenase; acs, acetyl-CoA synthetase; pno, pyruvate: 
NADP oxidoreductase. Enzymatic conversions indicated by 
reaction 1-6 indicate a heterologous butanol pathway from 
Clostridium acetobutyllicum: thIB (or ThL) encoding acetyl 
CoA acetyltransferase or thiolase E.C. 2.3.1.9 (SEQ ID 
NO:30); hbd, 3-hydroxybutyryl-CoA dehydrogenase E.C.1. 
1.1.157 (SEQID NO:31); crt, 3-hydroxybutyryl-CoA dehy 
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dratase E.C.4.2.1.55 (SEQID NO:32); ter, trans-enoyl CoA 
reductase; bcd, butyryl-CoA dehydrogenase E.C.1.3.99.2 
(SEQ ID NO:33); etf O?3, heterodimeric electron transfer 
flavoprotein (etf C. and etf B, SEQ ID NO:38 and SEQ ID 
NO:39, respectively); adhE/adhE1, aldehyde/alcohol dehy 
drogenase E and E1 E.C. 1.1.1.1/1.2.1.10 (SEQID NO:34 
and 35, respectively); bahA/bdhB, NAD(P)H-dependent 
butanol dehydrogenase A and B E.C.: 1.1.1.- (SEQ ID 
NO:36 and 37, respectively). 
0047 FIG. 3 shows the map of plasmid 
YEplac112PtdhTadh. The sequence of this plasmid is pro 
vided in SEQID NO:40. 
0048 FIG. 4 shows an example of a similarity tree based 
on amino acid sequences of proteins of the types 1 to 4 as 
described in Example 2 and indicates the branches. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

0049. The term “butanol' refers to n-butanol, or 1-butanol. 
0050. The term “yeast” refers to a phylogenetically 
diverse group of single-celled fungi, most of which are in the 
division of Ascomycota and Basidiomycota. The budding 
yeasts (“true yeasts') are classified in the order Saccharomyc 
etales, with Saccharomyces cerevisiae as the most well 
known species 
0051. The term “recombinant yeast as used herein, is 
defined as a cell which contains a nucleotide sequence and/or 
protein, or is transformed or genetically modified with a 
nucleotide sequence that does not naturally occur in the yeast, 
or it contains additional copy or copies of an endogenous 
nucleic acid sequence (or protein), or it contains a mutation, 
deletion or disruption of an endogenous nucleic acid 
Sequence. 
0.052 The term “mutated as used herein regarding pro 
teins or polypeptides means that at least one amino acid in the 
wild-type or naturally occurring protein or polypeptide 
sequence has been replaced with a different amino acid, or 
deleted from the sequence via mutagenesis of nucleic acids 
encoding these amino acids. Mutagenesis is a well-known 
method in the art, and includes, for example, site-directed 
mutagenesis by means of PCR or via oligonucleotide-medi 
ated mutagenesis as described in Sambrook et al., Molecular 
Cloning-A Laboratory Manual, 2nd ed., Vol. 1-3 (1989). The 
term “mutated as used herein regarding genes means that at 
least one nucleotide in the nucleotide sequence of that gene or 
a regulatory sequence thereof, has been replaced with a dif 
ferent nucleotide, or has been deleted from the sequence via 
mutagenesis, resulting in the transcription of a non-functional 
protein sequence or the knock-out of that gene. 
0053. The term “gene', as used herein, refers to a nucleic 
acid sequence containing a template for a nucleic acid poly 
merase, in eukaryotes, RNA polymerase II. Genes are tran 
scribed into mRNAs that are then translated into protein. 
0054 The term pyruvate dehydrogenase (PDH) by-pass 
refers to the enzymatic cascade form pyruvate to acetyl-CoA 
in the cytosol of yeast, and which consists of the following 
enzymes: pyruvate decarboxylase (PDC: E.C. 4.1.1.1) con 
Verting pyruvate into acetaldehyde; acetaldehyde dehydroge 
nase (ALD: E.C. 1.2.1.3, E.C. 1.2.1.4 and E.C. 1.2.1.5), con 
Verting acetaldehyde into acetate; and acetyl-CoA synthetase 
(ACS: E.C. 6.2.1.1), converting acetate into acetyl-CoA. 
0055. The term “nucleic acid” as used herein, includes 
reference to a deoxyribonucleotide or ribonucleotide poly 
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mer, i.e. a polynucleotide, in either single- or double-stranded 
form, and unless otherwise limited, encompasses known ana 
logues having the essential nature of natural nucleotides in 
that they hybridize to single-stranded nucleic acids in a man 
ner similar to naturally occurring nucleotides (e.g., peptide 
nucleic acids). A polynucleotide can be full-length or a Sub 
sequence of a native or heterologous structural or regulatory 
gene. Unless otherwise indicated, the term includes reference 
to the specified sequence as well as the complementary 
sequence thereof. Thus, DNAS or RNAs with backbones 
modified for stability or for other reasons are “polynucle 
otides' as that term is intended herein. Moreover, DNAS or 
RNAS comprising unusual bases, such as inosine, or modified 
bases, such as tritylated bases, to name just two examples, are 
polynucleotides as the term is used herein. It will be appreci 
ated that a great variety of modifications have been made to 
DNA and RNA that serve many useful purposes known to 
those of skill in the art. The term polynucleotide as it is 
employed herein embraces such chemically, enzymatically or 
metabolically modified forms of polynucleotides, as well as 
the chemical forms of DNA and RNA characteristic of viruses 
and cells, including among other things, simple and complex 
cells. 
0056. The terms “polypeptide”, “peptide' and “protein' 
are used interchangeably hereinto refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers in 
which one or more amino acid residue is an artificial chemical 
analogue of a corresponding naturally occurring amino acid, 
as well as to naturally occurring amino acid polymers. The 
essential nature of Such analogues of naturally occurring 
amino acids is that, when incorporated into a protein, that 
protein is specifically reactive to antibodies elicited to the 
same protein but consisting entirely of naturally occurring 
amino acids. The terms “polypeptide', 'peptide' and “pro 
tein’ are also inclusive of modifications including, but not 
limited to, glycosylation, lipid attachment, Sulfation, gamma 
carboxylation of glutamic acid residues, hydroxylation and 
ADP-ribosylation. 
0057 Sequence identity is herein defined as a relationship 
between two or more amino acid (polypeptide or protein) 
sequences or two or more nucleic acid (polynucleotide) 
sequences, as determined by comparing the sequences. Usu 
ally, sequence identities are compared over the whole length 
of the sequences compared. In the art, “identity also means 
the degree of sequence relatedness between amino acid or 
nucleic acid sequences, as the case may be, as determined by 
the match between Strings of Such sequences. 
0058 Preferred methods to determine identity are 
designed to give the largest match between the sequences 
tested. Methods to determine identity are codified in publicly 
available computer programs. Preferred computer program 
methods to determine identity and similarity between two 
sequences include BLASTP, BLASTN (Altschul, S. F. et al., 
J. Mol. Biol. 215:403-410 (1990), publicly available from 
NCBI and other sources (BLAST Manual, Altschul, S., et al., 
NCBI NLM NIH Bethesda, Md. 20894). Preferred param 
eters for amino acid sequences comparison using BLASTP 
are gap open 11.0, gap extend 1, Blosum 62 matrix. 
0059 Every nucleic acid sequence herein that encodes a 
polypeptide also, by reference to the genetic code, describes 
every possible silent variation of the nucleic acid. The term 
“conservatively modified variants' applies to both amino acid 
and nucleic acid sequences. With respect to particular nucleic 
acid sequences, conservatively modified variants refers to 
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those nucleic acids which encode identical or conservatively 
modified variants of the amino acid sequences due to the 
degeneracy of the genetic code. The term "degeneracy of the 
genetic code” refers to the fact that a large number of func 
tionally identical nucleic acids encode any given protein. For 
instance, the codons GCA, GCC, GCG and GCU all encode 
the amino acid alanine. Thus, at every position where an 
alanine is specified by a codon, the codon can be altered to any 
of the corresponding codons described without altering the 
encoded polypeptide. Such nucleic acid variations are “silent 
variations' and represent one species of conservatively modi 
fied variation. 
0060 “Expression” refers to the transcription of a gene 
into structural RNA (rRNA, tRNA) or messenger RNA 
(mRNA) with subsequent translation into a protein. 
0061. As used herein, "heterologous' in reference to a 
nucleic acid or protein is a nucleic acid or protein that origi 
nates from a foreign species, or, if from the same species, is 
substantially modified from its native form in composition 
and/or genomic locus by deliberate human intervention. For 
example, a promoter operably linked to a heterologous struc 
tural gene is from a species different from that from which the 
structural gene was derived, or, if from the same species, one 
or both are substantially modified from their original form. A 
heterologous protein may originate from a foreign species or, 
if from the same species, is substantially modified from its 
original form by deliberate human intervention. 
0062. As used herein “promoter' is a DNA sequence that 
directs the transcription of a (structural) gene. Typically, a 
promoter is located in the 5'-region of a gene, proximal to the 
transcriptional start site of a (structural) gene. Promoter 
sequences may be constitutive, inducible or repressible. If a 
promoter is an inducible promoter, then the rate of transcrip 
tion increases in response to an inducing agent. 
0063. The term “vector” as used herein, includes reference 
to an autosomal expression vector and to an integration vector 
used for integration into the chromosome. 
0064. The term “expression vector” refers to a DNA mol 
ecule, linear or circular, that comprises a segment encoding a 
polypeptide of interest under the control of (i.e., operably 
linked to) additional nucleic acid segments that provide for its 
transcription. Such additional segments may include pro 
moter and terminator sequences, and may optionally include 
one or more origins of replication, one or more selectable 
markers, an enhancer, a polyadenylation signal, and the like. 
Expression vectors are generally derived from plasmid or 
viral DNA, or may contain elements of both. In particular an 
expression vector comprises a nucleotide sequence that com 
prises in the 5' to 3’ direction and operably linked: (a) a 
yeast-recognized transcription and translation initiation 
region, (b) a coding sequence for a polypeptide of interest, 
and (c) a yeast-recognized transcription and translation ter 
mination region. “Plasmid' refers to autonomously replicat 
ing extrachromosomal DNA which is not integrated into a 
microorganism's genome and is usually circular in nature. 
0065. An “integration vector” refers to a DNA molecule, 
linear or circular, that can be incorporated in a microorgan 
ism's genome and provides for stable inheritance of a gene 
encoding a polypeptide of interest. The integration vector 
generally comprises one or more segments comprising a gene 
sequence encoding a polypeptide of interest under the control 
of (i.e., operably linked to) additional nucleic acid segments 
that provide for its transcription. Such additional segments 
may include promoter and terminator sequences, and one or 
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more segments that drive the incorporation of the gene of 
interest into the genome of the target cell, usually by the 
process of homologous recombination. Typically, the integra 
tion vector will be one which can be transferred into the target 
cell, but which has a replicon which is nonfunctional in that 
organism. Integration of the segment comprising the gene of 
interest may be selected if an appropriate marker is included 
within that segment. 
0066. As used herein, the term “operably linked’ refers to 
a juxtaposition wherein the components so described are in a 
relationship permitting them to function in their intended 
manner. A control sequence “operably linked to another 
control sequence and/or to a coding sequence is ligated in 
Such a way that transcription and/or expression of the coding 
sequence is achieved under conditions compatible with the 
control sequence. Generally, operably linked means that the 
nucleic acid sequences being linked are contiguous and, 
where necessary to join two protein coding regions, contigu 
ous and in the same reading frame. 
0067 By “host cell' is meant a cell which contains a 
vector and Supports the replication and/or expression of the 
vector. Host cells may be prokaryotic cells such as E. coli, or 
eukaryotic cells such as yeast, insect, amphibian, or mamma 
lian cells. Preferably, host cells are cells of the order of Acti 
nomycetales, most preferably yeast cells, most preferably 
cells of Saccharomyces cerevicsiae. 
0068 “Transformation' and “transforming, as used 
herein, refers to the insertion of an exogenous polynucleotide 
into a host cell, irrespective of the method used for the inser 
tion, for example, direct uptake, transduction, f-mating or 
electroporation. The exogenous polynucleotide may be main 
tained as a non-integrated vector, for example, a plasmid, or 
alternatively, may be integrated into the host cell genome. 
0069. The term “oligonucleotide” refers to a short 
sequence of nucleotide monomers (usually 6 to 100 nucle 
otides) joined by phosphorous linkages (e.g., phosphodiester, 
alkyl and aryl-phosphate, phosphorothioate, phosphotli 
ester), or non-phosphorous linkages (e.g., peptide, Sulfamate 
and others). An oligonucleotide may contain modified nucle 
otides having modified bases (e.g., 5-methyl cytosine) and 
modified Sugar groups (e.g. 2'-O-methyl ribosyl, 2'-O-meth 
oxyethyl ribosyl, 2'-fluoro ribosyl, 2-amino ribosyl, and the 
like). Oligonucleotides may be naturally-occurring or Syn 
thetic molecules of double- and single-stranded DNA and 
double- and single-stranded RNA with circular, branched or 
linear shapes and optionally including domains capable of 
forming stable secondary structures (e.g., stem-and-loop and 
loop-stem-loop structures). 
0070. The term “polynucleotide' as used herein refers to a 
polymeric form of nucleotides of any length, either ribonucle 
otides or deoxyribonucleotides. Thus, this term includes 
double- and single-stranded DNA and RNA. 
0071. The term “recombinant polynucleotide' as used 
herein intends a polynucleotide of genomic, cDNA, semisyn 
thetic, or synthetic origin which, by virtue of its origin or 
manipulation: (1) is not associated with all or a portion of a 
polynucleotide with which it is associated in nature; or (2) is 
linked to a polynucleotide other than that to which it is linked 
in nature; or (3) does not occur in nature. 
0072 The term “minimal medium' as used herein refers to 
a chemically defined medium, which includes only the nutri 
ents that are required by the cells to survive and proliferate in 
culture. Typically, minimal medium is free of biological 
extracts, e.g., growth factors, serum, pituitary extract, or other 
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Substances, which are not necessary to Support the Survival 
and proliferation of a cell population in culture. For example, 
minimal medium generally includes as essential Substances: 
at least one carbon Source, such as glucose; at least one 
nitrogen Source. Such as ammonium, ammonium sulfate, 
ammonium chloride, ammonium nitrate or urea; inorganic 
salts, such as dipotassium hydrogenphosphate, potassium 
dihydrogen-phosphate and magnesium Sulfate; and other 
nutrients, such as biotin and vitamins. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0073. A method of the present invention provides a 
method for identifying heterologous enzymes capable of pro 
ducing acetyl-CoA in the cytosol of a yeast cell. The heter 
ologous enzyme may produce the acetyl-CoA using pyruvate, 
acetaldehyde or acetate as a Substrate, preferably in a single 
conversion step. Preferably, the heterologous enzyme pro 
duces the acetyl-CoA from acetaldehyde. An enzyme capable 
of catalyzing said reaction is acetylating acetaldehyde dehy 
drogenase (acdh; E.C. 1.2.1.10) also referred to as acetalde 
hyde:NAD+oxidoreductase (CoA-acetylating). The conver 
sion of acetaldehyde into acetyl-CoA by acetylating 
acetaldehyde dehydrogenase is reversible and runs in the 
direction of acetyl-CoA when acetaldehyde accumulates in 
the cytosol. Such an accumulation may for instance be 
achieved by deletion of alcohol dehydrogenase (adh: E.C. 
1.1.1.1). 
0074 The heterologous enzyme may also produce the 
acetyl-CoA from pyruvate. An enzyme capable of catalyzing 
said reaction is a pyruvate:NADP oxidoreductase (pno; E.C. 
1.2.1.51). The reaction is stoichiometrically identical to the 
mitochondrial pyruvate dehydrogenase except that pno uses 
NADPH as a cofactor as compared to PDH that uses NADH. 
Compared to acdh, an important disadvantage of the pno 
enzyme system is that pno is oxygen sensitive, and that it is a 
large multimeric enzyme, and hence, its successful genetic 
incorporation (a 5-6 kb gene) is much more difficult than that 
of acdh. For this reason, the use of acdh is preferred in 
embodiments of the present invention. 
0075 An important feature of a test cell capable of reveal 
ing the desired enzymatic activity of a test polypeptide is that 
the cell is prototrophic as a result of the introduced polypep 
tide. With this, it is meant that the cell's nutritional require 
ments do not exceed those of the corresponding wild-type 
strain and that it will proliferate on minimal medium (in 
contrast to the auxotroph). In fact, the production of acetyl 
CoA as supported by the test polypeptide will cancel the 
effect of the deletion of said at least one gene of the PDH 
by-pass, caused by the deletion of the gene for pyruvate 
decarboxylase (pdc; E.C. 4.1.1.1), acetaldehyde dehydroge 
nase (aid: E.C. 1.2.1.3, E.C. 1.2.1.4 or E.C. 1.2.1.5), oracetyl 
CoA synthetase (acs; E.C. 6.2.1.1). Such complementation 
assays are well known in the art. In aspects of the present 
invention the assay is used to identify Suitable sources of 
heterologous enzymes capable of Sustaining cytosolic acetyl 
CoA production in yeast cells. 
0076. The complementation assay is based on the provi 
sion of alternative routes to overcome the deleted enzyme 
activity of the PDH by-pass. Methods for effecting deletion of 
genes in yeast are well known in the art, and can for instance 
beachieved by oligonucleotide-mediated mutagenesis. Good 
results may be obtained with the plasmid puG6 carrying the 
IoxP-kanMX-IoxP gene disruption cassette (Güldener et al. 



US 2010/0248233 A1 

1996 Nucleic Acids Res. 24(13):2519-24: GenPept acces 
sion no. P30114). Thus, the skilled person will be able to 
provide a yeast strain having a deleted acetaldehyde dehydro 
genase and/or acetyl-CoA synthetase gene for blocking the 
PDH by-pass therein. 
0077 Saccharomyces cerevisiae comprises two acetyl 
CoA synthetase isoforms, AcSlp and Acs2p. Both are the 
nuclear source of acetyl-CoA for histone acetylation. The 
production of cytosolic acetyl-CoA is also required for lipid 
production. Acs activity is essential, since an acs1 acs2 
double null mutant is non-viable. An acS 1 null mutant can 
grow with ethanol as the sole carbon source. The mutated 
yeast cell used in aspects of the present invention preferably 
has an inactivation of the acs2 gene. 
0078 Saccharomyces cerevisiae mutants carrying an 
inactivation of the acS2 gene are notable to grow on glucose 
as sole carbon source, because ACS1 is repressed and the 
protein is actively degraded. Complementation of such a delta 
acs2 mutant with a plasmid based acs gene will restore the 
cell's ability to grow on glucose as single carbon source. In 
addition, growth of Such a mutant is complemented by the 
expression of genes Supporting alternative routes for the pro 
duction of sufficient cytosolic acetyl-CoA. Thus, transforma 
tion of the delta acs2 mutant with a plasmid from which a 
functional (heterologous) acdh or pno can be expressed will 
restore the mutant's ability to grow on glucose as sole carbon 
source. It should be understood that in addition to the removal 
of the ACS2 locus, one may also remove the ACS1 locus. 
Although it is believed that this may in some instances pre 
vent the occurrence of revertants (mutations in the ACS1 
locus leading to reversion of the delta acs2 phenotype), this 
was however not found to be essential. Double mutants (acs 1/ 
acs2A strains) would be wholly dependant on the introduced 
acdh or pno gene for the production of cytosolic acetyl-CoA. 
0079 An important advantage of a complementation 
assay of the present invention is that it can be performed as a 
plate screening assay wherein Successful complementation is 
observed as colony growth. This is much faster than experi 
ments that require the analysis for the production of a desired 
metabolic product. 
0080 For complementation of the mutation, the yeast cell 
having the inactivated ald and/or acs gene is then transformed 
with a suitable expression vector comprising a nucleotide 
sequence of a heterologous test polypeptide. 
0081 Yeast expression vectors are widely available from a 
variety of commercial Suppliers. To date, functional comple 
mentation of yeast mutations by foreign homologues has 
become a standard practice in engineering of Saccharomyces 
cerevisiae. Suitable expression vectors for heterologous gene 
expression may be based on artificial, inducible promoters 
such as the GAL promoter, but is preferably based on consti 
tutive promotors such as the TDH3 promoter. Suitable sys 
tems are exemplified in the examples below. In certain pro 
duction systems, the use of an inducible promotor may be 
preferred, as it would allow for temporal separation of stages 
for biomass production (promotor not induced) and fermen 
tation product production (promoter induced). In another 
highly preferred embodiment in certain production systems, 
the vector is in integration vector for stable integrating the 
heterologous genes in the genome of the yeast production 
strain. 
0082 In order to achieve optimal expression in yeast, the 
codon (pair) usage of the heterologous gene may be opti 
mized by using any one of a variety of synthetic gene design 
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Software packages, for instance GeneOptimizer R from Gene 
art AG (Regensburg, Germany) for codon usage optimization 
or codon pair usage optimization as described in WO2008/ 
000632. Such adaptation of codon usage ensures that the 
heterologous genes, which are for instance of bacterial origin, 
are effectively processed by the yeast transcription and trans 
lation machinery. Optimization of codon pair usage will 
result in enhanced protein expression in the yeast cell. 
I0083. The optimized sequences may for instance be 
cloned into a high copy yeast expression plasmid, operably 
linked to a (preferably constitutive) promoter functional in 
yeast. Good results have been obtained with the plasmid 
YEplac112 (2LTRP1) (Gietz & Sugino 1988 Gene 74(2): 
527–34). 
I0084 Heterologous genes that encode a candidate 
polypeptide having potential enzymatic activity for convert 
ing pyruvate, acetaldehyde oracetate into acetyl-CoA may be 
identified in silico. Suitable enzymes described as possessing 
the capacity to convert acetaldehyde into acetyl-CoA are 
acetylating acetaldehyde dehydrogenases (E.C. 1.2.1.10). 
The nucleotide and amino acid sequences of over 200 of these 
enzymes from a variety of microbial origins are described in 
various databases (e.g. the KEGG (Kyoto Encyclopedia of 
Genes and Genomes) database). 
I0085. The present inventors have selected several acety 
lating acetaldehyde dehydrogenases and tested these in the 
delta acs2 mutant-based assay system of the present inven 
tion. Many of these, though not all, were functional in S. 
cerevisiae when codon pair usage was optimized. 
I0086) Functional homologues to these proteins can also be 
used in aspects of the present invention. The term “functional 
homologues' as used herein refers to a protein comprising the 
amino acid sequence of SEQID NO:19, 22, 25 or the acetal 
dehyde dehydrogenase part of SEQ ID NOS: 28 and 52 in 
which one or more amino acids are Substituted, deleted, 
added, and/or inserted, and which protein has the same enzy 
matic functionality for Substrate conversion, for instance an 
acetylating acetaldehyde dehydrogenase homologue is 
capable of converting acetaldehyde into acetyl-CoA. This 
functionality may be tested by use of an assay system com 
prising a recombinant yeast cell comprising an expression 
vector for the expression of the homologue in yeast, said 
expression vector comprising a heterologous nucleotide 
sequence operably linked to a promoter functional in yeast 
and said heterologous nucleotide sequence encoding the 
homologous polypeptide of which enzymatic activity for 
converting pyruvate, acetaldehyde or acetate into acetyl CoA 
in (the cytosol of) said yeast cell is to be tested, and perform 
ing a method for identifying a heterologous polypeptide hav 
ing enzymatic activity for converting pyruvate, acetaldehyde 
or acetate into acetyl-CoA in (the cytosol of) a yeast cell as 
described herein using said assay system. Candidate homo 
logues may be identified by using in silico similarity analyses. 
A detailed example of Such an analysis is described in 
Example 2 below. The skilled person will be able to derive 
therefrom how suitable candidate homologues may be found 
and, optionally upon codon (pair) optimization, will be able 
to test the required functionality of Such candidate homo 
logues using the assay system of the present invention as 
described above. A Suitable homologue represents a polypep 
tide having an amino acid sequence identity to an acetylating 
acetaldehyde dehydrogenase of more than 50%, preferably 
more than 60%, more preferably more than 70%, 80%, 90% 
or more, for instance having Such an amino acid sequence 
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identity to SEQID NOS:19, 22, 25, or the acetaldehyde dehy 
drogenase part of SEQ ID NOS:28 and 52 and having the 
required enzymatic functionality for converting acetaldehyde 
into acetyl-CoA. Similarly, enzymes described for the direct 
conversion of pyruvate into acetyl-CoA and the functional 
homologues thereof, as well as enzymes described for the 
conversion of acetate to acetyl-CoA and the functional homo 
logues thereof, can also be used, similar as described for 
acetylating acetaldehyde dehydrogenase above. 
0087. A method of the present invention further comprises 
the step of testing the ability of the mutated and test-protein 
transformed yeast cell to grow on minimal medium contain 
ing glucose as sole carbon Source. As stated earlier, this may 
Suitably occur on Solid (agar) media in Petri dishes (plates) 
where growth can be observed as growth of a colony, how 
ever, liquid media are equally Suitable and growth may be 
detected by turbidity. Other methods for determining growth 
of the mutated and test-protein transformed yeast cell on 
minimal medium containing glucose as sole carbon Source 
may also be used. 
0088. When the mutated and test-protein-transformed 
yeast cell is capable of growth on minimal medium with 
glucose, the candidate polypeptide is successfully identified 
as a heterologous polypeptide having enzymatic activity for 
converting pyruvate, acetaldehyde oracetate into acetyl-CoA 
in (the cytosol of) said yeast cell. Growth may suitably be 
observed as colony formation on Solid growth media, in par 
ticular minimal medium containing glucose. 
I0089. An expression vector for the expression of heterolo 
gous polypeptides in yeast, according to the present invention 
may be any expression vector Suitable for transforming yeast. 
Innumerable examples are available in the art that can Suit 
ably be used to express heterologous nucleotide sequences in 
yeast. A very Suitable vector in aspects of the invention is a 
plasmid. A highly preferred plasmid is YEplac112PtdhTadh 
(SEQ ID NO:40). 
0090 Generally, the heterologous nucleotide sequence 
encoding the polypeptide having enzymatic activity for con 
Verting pyruvate, acetaldehyde or acetate into acetyl CoA in 
(the cytosol of) said yeast cell, will be placed under control of 
a promoter functional in yeast. Preferably the promoter is a 
constitutive promoter. The promoter on plasmid 
YEplac112PtdhTadh is the TDH3 promoter. 
0091. The heterologous nucleotide sequences incorpo 
rated in the expression vector of the present invention may be 
any pno, acdh or other enzyme capable of converting pyru 
Vate, acetaldehyde or acetate (respectively) into acetyl-CoA 
in the cytosol of the yeast. Preferred nucleotide sequences are 
those as identified herein, namely the nucleotide sequences 
encoding: 

0092 the ethanolamine utilization protein Eut from E. 
coli HS (nucleotide sequences with SEQID NO:18): 

(0093 the hypothetical protein Lin1129 from Listeria 
innocua similar to ethanolamine utilization protein 
Eut, (nucleotide sequences with SEQID NO:21) 

(0094 the acetaldehyde dehydrogenase EDK33116 
from Clostridium kluyveri DSM 555 (nucleotide 
sequences with SEQID NO:24); and 

0.095 the adhE homologue of S. aureus (nucleotide 
sequences with SEQID NO:27) encoding a bifunctional 
acetaldehyde/alcohol dehydrogenase in Staphylococcus 
aureus subsp. aureus N315, or the acetaldehyde dehy 
drogenase functional part thereof. 

Sep. 30, 2010 

0.096 the adhE homologue of Piromyces sp. E2 (nucle 
otide sequence SEQID NO:51) encoding a bifunctional 
acetaldehyde/alcohol dehydrogenase, or the acetalde 
hyde dehydrogenase part thereof. 

0097. Also suitable are functional homologues of these 
nucleotide sequences, or of the polypeptides that they encode. 
With this term is meant that a nucleic acid sequence having 
more than 80%, 90% or 95% sequence identity with the 
nucleotide sequences encoding the above acdh enzymes, or 
having more than 50%, preferably more than 60%, 70%, 
80%, 90%, or 95% sequence identity with the amino acid 
sequence of the above acdh enzymes, with the proviso that the 
polypeptides encoded by the homologous sequences exhibit 
functional enzymatic acdh activity. 
0098. As stated above, these nucleotide sequences can be 
optimized for expression in Saccharomyces cerevisiae by 
optimization of codon pair usage well known in the art. 
Codon pair optimized sequences for the SEQID NO:18, 21, 
24, and 27 are provided in SEQ ID NO:20, 23, 26, and 29, 
respectively. 
0099. The expression vector of the invention may be used 
to transform a yeast cell. Methods of transformation include 
electroporation, glass bead and biolistic transformation, all of 
which are well known in the art and for instance described in 
Sambrook et al., Molecular Cloning-A Laboratory Manual, 
2nd ed., Vol. 1-3 (1989). 
0100. A yeast cell according to the present invention com 
prises a heterologous nucleotide sequence encoding a 
polypeptide having enzymatic activity for converting pyru 
Vate, acetaldehyde or acetate into acetyl-CoA in (the cytosol 
of) said yeast cell. Preferably, a yeast cell of the invention 
comprises a heterologous acdh or pno. The advantage of Such 
a yeast cell is that it can produce acetyl-CoA by a metabolic 
route wherein the PDH by-pass is not required. This is ener 
getically more favourable under anaerobic conditions, and 
may form the basis of any biological synthesis process using 
yeast cells under anaerobic conditions where acetyl-CoA is 
an intermediate. In addition to comprising the heterologous 
acdh or pno, the yeast cell of the invention may comprise 
various gene deletions or gene Supplementations, depending 
on the intended use of the yeast. 
0101 Preferably a yeast cell according to the present 
invention comprises an inactivation of a nucleotide sequence 
(gene) encoding an enzyme capable of catalysing the conver 
sion of acetaldehyde to ethanol, preferably an alcohol dehy 
drogenase, for instance to optimize acetaldehyde accumula 
tion in the yeast cell. 
0102) If used in a method of screening for heterologous 
enzymes according to a method of the invention, the yeast cell 
comprises a deletion of at least one gene of the (PDH) by 
pass, selected from the genes encoding the enzymes pyruvate 
decarboxylase (PDC), acetaldehyde dehydrogenase (ALD), 
and acetyl-CoA synthetase (ACS), preferably acetyl-CoA 
synthetase, most preferably acs2. 
0103) If used in a method of producing a fermentation 
product, the yeast cell may optionally comprise a number of 
(heterologous) gene Supplementations Supporting the meta 
bolic pathway from acetyl-CoA to said butanol. Such a path 
way may consist only of heterologous gene products, or may 
make use of a mixture of heterologous and endogenous gene 
products. In the event the fermentation product is butanol, use 
can be made of a yeast comprising genes encoding enzymes 
for the butanol pathway of e.g. Clostridium acetobutylicum as 
described herein and in FIG. 2. In the event the yeast cell 
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according to the present invention comprises genes encoding 
enzymes for butanol production, the yeast preferably com 
prises a nucleotide sequence encoding a butyryl-CoA dehy 
drogenase and at least one nucleotide sequence encoding a 
heterologous electron transfer flavoprotein (ETF). It was 
found that a yeast cell comprising an ETF in addition to genes 
of the butanol pathway produces an increased amount of 
butanol, 
0104. A heterologous electron transfer flavoprotein in the 
eukaryotic cell according to the present invention may be a 
single protein or the ETF may comprise two or more subunits, 
for instance an alpha and a beta subunit. Preferably the ETF 
comprises an ETF alpha (SEQ ID NO:38) and an ETF beta 
(SEQ ID NO:39). The electron transfer flavoprotein may be 
derived from any suitable origin. Preferably, the ETF is 
derived from the same origin as the butyryl-CoA dehydroge 
nase. Preferably, the ETF is derived from prokaryotic origin 
preferably from a Clostridium sp., preferably a Clostridium 
acetobutyllicum or a Clostridium beijerinckii. 
0105. A method for producing a fermentation product 
according to the present invention, preferably comprises 
growing a yeast under anaerobic conditions on a Suitable 
carbon and energy source. Suitable sources of carbon and 
energy are C5 and C6 Sugars (monosaccharides) such as 
glucose and polysaccharides such as starch. Other raw mate 
rials such as Sugarcane, maize, wheat, barley, Sugarbeets, 
rapeseed, and Sunflower are also Suitable. In some instances 
the raw material may be pre-digested by enzymatic treatment. 
Most preferably the carbon source is lignocellulose, which is 
composed of mainly cellulose, hemicellulose, pectin, and 
lignin. Lignocellulose is found, for example, in the stems, 
leaves, hulls, husks, and cobs of plants. Hydrolysis of these 
polymers by specific enzymatic treatment releases a mixture 
of neutral Sugars including glucose, Xylose, mannose, galac 
tose, and arabinose. Lignocellulosic materials, such as wood, 
herbaceous material, agricultural residues, corn fiber, waste 
paper, pulp and paper mill residues can be used to produce 
butanol. Hydrolysing enzymes are for instance beta-linked 
glucans for the hydrolysis of cellulose (these enzymes 
include endoglucanases, cellobiohydrolases, glucohydro 
lases and beta-glucosidases); beta-glucosidases hydrolyze 
cellobiose; endo-acting and exo-acting hemicellulases and 
cellobiases for hydrolysis of hemicellulose, and acety 
lesterases and esterases that hydrolyze lignin glycoside 
bonds. These and other methods for hydrolysis of lignocel 
lulose are well known in the art. 

0106 Variations and modifications of the embodiments 
disclosed herein are possible, and practical alternatives to and 
equivalents of the various elements of the embodiments 
would be understood to those of ordinary skill in the art upon 
study of this patent document. These and other variations and 
modifications of the embodiments disclosed herein may be 
made without departing from the scope and spirit of the 
invention. 

0107 The invention will now be illustrated by way of the 
following non-limiting examples. 

EXAMPLES 

0108. The following examples illustrate the provision of a 
strain of Saccharomyces cerevisiae useful in assays and meth 
ods of the present invention, for instance in methods for 
identifying heterologous enzymes capable of forming cyto 
solic acetyl-CoA in S. cerevisiae. Such methods are useful in 
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the identification of routes/enzymes which allow the cytoso 
lic Supply of acetyl-CoA in S. cerevisiae under anaerobic 
conditions. 

0109. In order to enhance cytosolic acetyl-CoA formation 
in our butanol production strain, a selection method was set 
up to identify heterologous enzymes forming cytosolic 
acetyl-CoA in S. cerevisiae. The test system is based on a 
delta acs2 yeast mutant deficient in cytosolic acetyl-CoA 
biosynthesis on glucose, such a strain is unable to grow on 
glucose as Sole carbon Source unless cytosolic acetyl-CoA 
formation is complemented. Complementation studies in 
Such a strain can reveal which heterologous enzymes are 
Suitable for use in butanol producing strains of Saccharomy 
ces cerevisiae. 

0110 Acetylating acetaldehyde dehydrogenase was iden 
tified to be a good candidate for cytosolic acetyl-CoA Supply 
over the homologous PDH by-pass because no ATP is dissi 
pated. Twelve putative acetylating acetaldehyde dehydroge 
nases, identified based on sequence homology, were synthe 
sized and checked for complementation of the delta acs2 
yeast. 
0111. The codon pair optimized genes of the eut, homo 
logues of E. coli, L. innocua and C. kluyveri and the adhE 
homologue of S. aureus were able to complement the acs2 
yeast mutants (4 out of 7), resulting in growth of the acS2A S. 
cerevisiae host. The aim is to improve butanol biosynthesis in 
yeast by expression of one or more genes so identified. 
0112. In order to test if these heterologous routes for cyto 
solic acetyl-CoA supply work in S. cerevisiae, a screening 
system was developed based on Saccharomyces cerevisiae 
mutants carrying a deletion of the acS2 gene. These cells are 
not able to grow on glucose as sole carbon Source unless the 
delta acs2 mutant is complemented with a plasmid based acs 
gene or complemented with the expression of any other gene 
generating sufficient cytosolic acetyl-CoA. So if it were to be 
transformed with a plasmid leading to active expression of 
acdh or pno, such a mutant should be able to grow again with 
glucose as single carbon Source. The complementation stud 
ies were performed on plates. The following experiments 
were performed to set up and evaluate the test system. 

Example 1 

Construction of Delta acs2 Strain 

0113. The S. cerevisiae acs2 deleted strain (acs2A strain) 
was produced by first performing a PCR on plasmid puG6 
(Gildener et al., 1996, supra) with the following oligonucle 
otides: 

5' acs2 : :Kanilox 
5'-tacacaaacagaatacaggaaagtaaatcaatacaataataaaa.ca.g 

ctgaagctitcgtacgc-3' 

3' acS2: :Kanilox 
5'-tct cattacgaaatttitt ct catttaagttatttcttitttittgaggc 

at aggccact agtggatctg-3". 

0114. The resulting 1.4 kb fragment, containing the 
KanMX marker which confers resistance to G418, was used 
to transform S. cerevisiae CEN.PK113-3C(MATA trp 1-289). 
After transformation the strain was plated on YPD (10 g I' 
yeast extract (BD Di?co), 20g I' peptone (BD Difco)), 10 g 
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I' glucose) with 200 mg/ml Geneticin (G418). In resistant 
transformants, correct integration was verified by PCR using 
oligonucleotides: 

5 ACS2 : 5'-gatatt cqgtagc.cgattic c-3' 

3. ACS2 : 5'-cc.gtaaccttctic gtaatgc-3' 

ACS2 internal: 5'-cggatt cqt catcagct tca-3' 

KanA: 5'-cgcacgtcaag actgtcaag-3 

Kans: 5'-tcg tatgtgaatgctggtcg-3 

0115 The phenotype was verified by testing for growth on 
YP with 1% glucose (YPD) or 1% ethanol--1% glycerol 
(YPEG) as the carbon source. 
0116. One transformant that had the correct PCR bands 
and did not grow onYP with glucose, but did grow on withYP 
with ethanol and glycerol as the carbon Sources, was picked 
and named RWB060 (MATA trp1-289 acs2:Kanlox). 

Example 2 

In Silico Identification of Putative Acetylating 
Acetaldehyde Dehydrogenases for Direct Conversion 

of Acetaldehyde to Acetyl-CoA 

0117 Enzymes described for the conversion of acetalde 
hyde to acetyl-CoA are the so-called acetylating acetalde 
hyde dehydrogenases (ACDH) (E.C. 1.2.1.10) catalysing the 
following reaction: 

Acetaldehyde(AA)+NAD+CoA.<=>Acetyl-CoA+ 
NADH-H 

0118. From literature four types of proteins have been 
described that have this activity: 
0119) 1) Bifunctional proteins that catalyze the reversible 
conversion of acetyl-CoA to acetaldehyde, and the Subse 
quent reversible conversion of acetaldehyde to ethanol. An 
example of this type of proteins is the AdhE protein in E. coli 
(GenBank No: NP 415757). AdhE appears to be the evolu 
tionary product of a gene fusion. The NH2-terminal region of 
the AdhE protein is highly homologous to aldehyde:NAD" 
oxidoreductases, whereas the COOH-terminal region is 
homologous to a family of Fe" dependent ethanol:NAD" 
oxidoreductases (Membrillo-Hernandez et al., (2000).J. Biol. 
Chem. 275: 33869-33875). The E. coli AdhE is subject to 
metal-catalyzed oxidation and therefore oxygen-sensitive 
(Tamarit et al. (1998) J. Biol. Chem. 273:3027-32). 
0120 2) Proteins that catalyze the reversible conversion of 
acetyl-CoA to acetaldehyde in strictly or facultative anaero 
bic micro-organisms but do not possess alcohol dehydroge 
nase activity. An example of this type of proteins has been 
reported in Clostridium kluyveri (Smith et al. (1980) Arch. 
Biochem. Biophys. 203: 663-675). An acetylating acetalde 
hyde dehydrogenase has been annotated in the genome of 
Clostridium kluyveri DSM 555 (GenBank No: EDK33116). 
A homologous protein AcdH is identified in the genome of 
Lactobacillus plantarum (GenBank No: NP 784141). 
Another example of this type of proteins is the ald gene 
product in Clostridium beijerinckii NRRL B593 (Toth et al. 
(1999) Appl. Environ. Microbiol. 65: 4973-4980, GenBank 
No: AAD31841). 
0121 3) Proteins that are involved in ethanolamine 
catabolism. Ethanolamine can be utilized both as carbon and 
nitrogen source by many enterobacteria (Stojiljkovic et al. 
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(1995) J. Bacteriol. 177: 1357-1366). Ethanolamine is first 
converted by ethanolamine ammonia lyase to ammonia and 
acetaldehyde, Subsequently, acetaldehyde is converted by 
acetylating acetaldehyde dehydrogenase to acetyl-CoA. An 
example of this type of acetylating acetaldehyde dehydroge 
nase is the Eut protein in Salmonella typhimurium (Stojil 
jkovic et al. (1995) J. Bacteriol. 177: 1357-1366, GenBank 
No: AAL21357). E. coli is also able to utilize ethanolamine 
(Scarlett et al. (1976) J. Gen. Microbiol.95:173-176) and has 
an Eut protein (GenBank No: AAG57564) which is homolo 
gous to the Eut protein in S. typhimurium. 
0.122 4) Proteins that are part of a bifunctional aldolase 
dehydrogenase complex involved in 4-hydroxy-2-ketovaler 
ate catabolism. Such bifunctional enzymes catalyze the final 
two steps of the meta-cleavage pathway for catechol, an inter 
mediate in many bacterial species in the degradation of phe 
nols, toluates, naphthalene, biphenyls and other aromatic 
compounds (Powlowski and Shingler (1994) Biodegradation 
5, 219-236). 4-Hydroxy-2-ketovalerate is first converted by 
4-hydroxy-2-ketovalerate aldolase to pyruvate and acetalde 
hyde, Subsequently acetaldehyde is converted by acetylating 
acetaldehyde dehydrogenase to acetyl-CoA. An example of 
this type of acetylating acetaldehyde dehydrogenase is the 
DmpF protein in Pseudomonas sp. CF600 (GenBank No: 
CAA43226) (Shingleret al. (1992).J. Bacteriol. 174:711-24). 
E. coli has a homologous MphF protein (Ferrández et al. 
(1997) J. Bacteriol. 179: 2573-2581, GenBank No: 
NP 414885) to the DmpF protein in Pseudomonas sp. 
CF6OO. 

I0123 To identify the protein family members of acetylat 
ing acetaldehyde dehydrogenase, the amino acid sequences 
of the E. coli bifunctional AdhE protein (GenBank No: 
NP 415757), L. plantarum AcdH protein (acetylating) 
(GenBank No: NP 784141), the E. coli Eute protein (Gen 
Bank No: AAG57564) and the E. coli MhpF protein (Gen 
Bank No: NP 414885) were each run as a query sequence in 
a BLASTp search against the GenBank non-redundant pro 
tein database using default parameters. Amino acid sequences 
with an E-value smaller or equal to 1 e-20 were extracted. 
Redundant sequences were removed and the remaining 
sequences were aligned and a similarity tree was built using 
Genedata Physolopher protein analyzer software, version 6.5. 
2. A similarity tree provides information on organism 
sequence similarity. The tree is created independently of the 
ClustalW algorithm by pairwise comparison of the amino 
acid sequences per residue position. At each position, the 
similarity is rated and Summed up to an overall score for each 
sequence pair. Based on these pairwise scores a hierarchical 
clustering is performed, which arranges the sequences in a 
tree. Note that the ald gene product of C. beijerinckii (Gen 
Bank no: AAD31841) clustered together with the Eut pro 
teins from E. coli and S. typhimurium. From this similarity 
tree four major branches could be defined, each branch con 
tains one amino acid sequence that was used as a query for the 
BLASTp search. FIG. 4 shows an example of such a similar 
ity tree, containing all sequences that are mentioned in this 
example. 
0.124. At least one amino acid sequence was selected from 
each branch for complementation tests in S. cerevisiae delta 
acs2. Preferably, the selected amino acid sequences have 
experimental evidence of its biochemical function as acety 
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lating acetaldehyde dehydrogenase. Such evidences can be 
found in public databases, such as in the BRENDA, UniProt 
and NCBI Entrez, databases. 

Example 3 

Construction of Expression Plasmids and Comple 
mentation Test 

0.125 To test whether acetylating acetaldehyde dehydro 
genases (ACDH) could complement the deletion of ACS2 in 
S. cerevisiae, several genes coding for a (putative) ACDH 
were chosen from a variety of databases as described above. 
0126 To achieve optimal expression in yeast, the codon 
usage of all genes was adapted by codon pair optimization. 
These sequences were synthesized at Geneart AG (Regens 
burg, Germany). 
0127. The optimized sequences were cloned into the high 
copy yeast expression plasmidYEplac112PtdhTadh (SEQID 
NO:40; based on YEplac112 (2u. TRP1) (Gietz & Sugino 
1988 Gene 74(2):527–34), allowing constitutive expression 
from the TDH3 promoter. 
0128 YEplac112PtdhTadh was made by cloning a Kpn 
SacI fragment from p426GPD (Mumberg et al. 1995 Gene. 
156(1): 119-22), containing the TDH3 promoter and CYC1 
terminator, into YEplac1 12 cut with KpnI-SacI. The resulting 
plasmid was cut with KpnI and SphI and the ends were made 
blunt then ligated to give YEplac1 12TDH. To obtain 
YEplac112PtdhTadh, YEplac112TDH was cut with PstI 
HindIII and ligated to a 345 by Psti-HindIII PCR fragment 
containing the ADH1 terminator (Tadh), thus replacing the 
CYC1 terminator and changing the polylinker between the 
promoter and terminator. The Tadh PCR fragment was gen 
erated using the following oligonucleotides: 

MCS-5 Tach: 
5'-aaggtacct ct agact agtc.ccgggctgcagtc.gacticagoga att 

t cittatgatt tatgatt -3' 

Tadh1-Hind: 
5'-aggaagcttaggcctgtgtggaagaacgattacaiacagg-3 

0129. PCR was done with Vent DNA polymerase, 
according to the manufacturer's specifications. 
0130. The synthetic constructs containing the ACDH 
genes were cut with Spel-PstI and ligated into 
YEplac112PtdhTadh digested with the same enzymes, result 
ing in pBOL058 through to pBOL068 and pBOL082. The 
names of the final plasmids and the genes they contain are 
given in Table 1. 

TABLE 1. 

Table 1: Overview on putative acetylating acetaldehyde dehydrogenases 
tested for complementation of delta acs2S. cerevisiae strain. Genes 
which resulted in complementation are given in bold. SEQID NOS 

are provided for the DNA sequence of the wild type gene, the protein 
expressed therefron, and the codon pair optimized DNA sequence. 

SEQID NO. 
Size DNA 

Organisms Name Group (kb) PRTOPT 

Escherichia coi adhE 1 2.6 
Entamoeba histolytica adh2 1 2.6 48; SO 49 
Staphylococcus aureus adhe 1 26, 27.28.29 
Piromyces sp. E2 adh. 1 26 S1 S2 
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TABLE 1-continued 

Table 1: Overview on putative acetylating acetaldehyde dehydrogenases 
tested for complementation of delta acs2S. cerevisiae strain. Genes 
which resulted in complementation are given in bold. SEQID NOS 

are provided for the DNA sequence of the wild type gene, the protein 
expressed therefron, and the codon pair optimized DNA sequence. 

SEQ ID NO. 
Size DNA 

Organisms Name Group (kb) PRT/OPT 

Clostridium kluyveri EDK33116 2 1.5 24,25,26 
Lactobacilitis plantari in acdH 2 1.4 
Escherichia coli EutE 3. 1.4 18, 1920 
Listeria innocula Lin1129 3. 1.4 21 22.23 
Pseudomonas puttida YPOO12681.89 4 1.O 

*Group refers to the group of proteins having ACDHactivity as defined in Example 2. Group 
1: similar to bifunctional E. coii AdhE (AdhE-type of proteins); group 2: proteins having 
similarity to Lactobacilius pianiarum AcdH(AcdH-type of proteins); group 3: similar to E. 
coi EuthE (Eut-type of proteins); group 4: similar to E. coi MhpF (MhpF-type of proteins). 

I0131 All plasmids were used to transform the delta acs2 
yeast strain RWB060. As negative control, the empty vector 
YEplac1 12 was used. Transformants were plated on mineral 
medium (Verduyn et al. 1992 Yeast 8 (1992), pp. 501-517) 
containing either 1% glucose (MYD) or 1% ethanol--1% 
glycerol (MYEG) as single carbon source. 
(0132) While for all constructs several transformants could 
be selected on minimal medium with ethanol/glycerol, this 
was not the case on the glucose containing plates. 

TABLE 2 

Result of a complementation experiment for putative acetylating 
acetaldehyde dehydrogenases in delta acS2 S. cerevisiae strain 
RWB060. Genes resulting in complementation are given in bold. 
MYEG and MYD columns indicate number of transformants 
on plates MYEG. (ethanol/glycerol) and MYG (glucose). 

Gene (GenPept 
Organisms accession) plasmid MYEG MYD 

Ole YEplac112 75 O 
Escherichia coi adhE pBOLO59 6 O 
Entamoeba histolytica adh2 pBOLO61 S4 O 
Staphylococcus aureus adh pBOL.064 36 39 

(BAB41363) 
Piromyces sp. E2 adh. pBOL139 32 3. 
Clostridium kluyveri EDK33116 pBOL065 21 8 

(EDK33116) 
Lactobacilius acdH pBOLO58 6 O 
plantartin 
Escherichia coli EutE pBOL066 24 18 

(ABV06849) 
Listeria innocula Lin1129 pBOL067 28 8 

(CAC96360) 
Pseudomonas putida YP 001268.189 pBOLO68 32 O 

0133. On the glucose containing plates, transformants 
could only be selected for plasmids pBOL064, pBOL065, 
pBOL066, and p3OL067, not the empty vector. There was 
also a clear difference in colony size, depending on the plas 
mid used. While construct pBOL066 (E. colieut) resulted in 
biggest colonies, colonies of p3OL067 (L. innocua lin1129) 
appeared a bit smaller and pPOL065 (C. kluyveri edk3116) 
showed smallest colonies. Plasmid p3OL064 (S. aureus 
adhE) and plasmid pBOL139 (Piromyces sp. E2, adhE) were 
done at a later date, so could not be compared directly, Colo 
nies containing pBOL64 seemed to be similar to colonies 
comprising pBOL066 and colonies comprising pBOL139 
seemed to be similar to colonies comprising pBOL065. 
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0134) To ensure that these results did not arise from spon 
taneous revertants, transformation experiments were 
repeated for some of the plasmids, giving the same results. In 
addition, for almost all plasmids four transformants were 
selected at random from the MYEG plates and restreaked 
onto MYD and MYEG plates. 
0135) In all experiments no growth was ever seen on glu 
cose with the empty vector (YEplac112), while only 
pBOL065, pBOL066 and pBOL067 repeatedly gave good 
growth on glucose. Plasmid pBOL064 was not re-tested this 
way after the initial very positive result. 
0136. From these results, it was concluded that the codon 
pair optimized genes of the eutE homologues of: 

I0137 E. coli (SEQ ID NO:20) encoding the ethanola 
mine utilization protein Eut from E. coli HS: 

0.138 L. innocua (SEQ ID NO:23) encoding a hypo 
thetical protein from L. innocua similar to ethanolamine 
utilization protein Eut, and 

0139 C. kluyveri (SEQ ID NO:26) encoding acetylating 
acetaldehyde dehydrogenase in Clostridium kluyveri DSM 
555; 
and the codon pair optimized gene of the adhE homologue of 

0140 S. aureus (SEQ ID NO:29) encoding a bifunc 
tional acetaldehyde/alcoholdehydrogenase in Staphyllo 
coccus aureus Subsp. aureus N315; 

and the non codon pair optimized gene of the adhE homo 
logue 

0141 Piromyces sp. E2 (SEQ ID NO:51) encoding a 
bifunctional acetaldehyde/alcohol dehydrogenase 

are able to complement the acs2 yeast mutants. These genes 
encode an enzymatic activity allowing the formation of cyto 
Solic acetyl-CoA from acetaldehyde in yeast. 

Conclusions 

0142. The supply of cytosolic acetyl-CoA is believed to be 
a bottleneck in the butanol production in yeast. In order to 
identify heterologous genes encoding for enzymes forming 
cytosolic acetyl-CoA in S. cerevisiae a test system based on a 
delta acs2 yeast mutant was established. 
0143 Due to its deficiency in cytosolic acetyl-CoA bio 
synthesis on glucose, the acS2A Strain is unable to grow with 
glucose as sole carbon Source. 
0144. 9 putative acetylating acetaldehyde dehydrogenases 
identified as candidates for cytosolic acetyl-CoA Supply from 
acetaldehyde were expressed in the acs2A yeast. In total, 5 of 
these 9 genes complemented growth of the acs2A strain with 
glucose as single carbon source. Therewith, the use of the 
delta acs2 strain as pre-selection tool for feasible routes for 
cytosolic Supply of acetyl-CoA was shown. 
0145 4 of 5 acetylating acetaldehyde dehydrogenases 
identified thus far, eut, homologues of E. coli, L. innocua and 
C. kluyveri and the adhE homologue of S. aureus, and Piro 
myces sp. E2, were Successfully integrated in butanol produc 
ing strains of S. cerevisiae. The effect on butanol production 
was investigated as described in Examples below. 
0146 This test system may also be used, to analyse 
whether pyruvate:NADP oxidoreductase can successfully be 
over-expressed in yeast. Due to the oxygen sensitivity, this 
test has to be performed anaerobically. 
0147 Examples 4-6 below describe the testing 4 of the 5 
selected ACDH genes from Example 3 for improvement of 
butanol production. 
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Example 4 
Construction of a Butanol Producing Yeast Strain 
and Knocking Out the ADH1 and ADH2 Genes 

0.148. The six Clostridium acetobutyllicum genes involved 
in butanol biosynthesis from Acetyl-CoA are listed in Table 3. 
The genes were codon pair optimized for S. cerevisiae as 
described in WO2008/000632 and expressed from yeast pro 
moters and terminators as listed in Table 3. 
0149. Two yeast integration vectors (pBOL34 SEQ ID 
NO:41 and pBOL36SEQID NO:42), each containing 3 of 
the six codon pair optimised genes from Clostridium aceto 
butylicum involved in butanol biosynthesis, were designed 
and synthesized at Geneart. 
0150. The genes ThiL, Hbd and Crt are expressed from 
pBOL34 containing a AmdS selection marker. The final three 
genes, Bcd, BdhB and AdhE were expressed from a integra 
tion vector with an AmdS selection marker named pBOL36. 

TABLE 3 

Genes used for butanol production in S. cerevisiae including the 
promoter (1000 bp) and terminator (500 bp 

Gene activity Promotor Terminator 

ThiL acetyl CoA c-acetyltransfrase ADH1 TDH1 
E.C. 2.3.1.9 

Hbd 3-hydroxybutyryl-CoA ENO1 PMA1 
dehydrogenase E.C.1.1.1.157 

Crit 3-hydroxybutyryl-CoA TDH1 ADH1 
dehydratase E.C.4.2.1.55) 

Bcd butyryl-CoA dehydrogenase PDC1 TDH1 
E.C.1.3.99.2). 

BdhB NADH-dependent butanol ENO1 PMA1 
dehydrogenase E.C.1.1.1.—. 

adhE alcohol/acetaldehyde CoA TDH1 ADH2 
dehydrogenase E.C.: 1.1.1.1, 
1.2.1.10 

0151. For integration in the ADH2 locus, pBOL36 was 
linearized by a BsaBI digestion. S. cerevisiae CEN.PK113 
5D (MATa MAL2-8c SUC2 ura3-52) was transformed with 
the linear fragment and grown on plates with YCB (Difico) 
and 5 mMacetamide as nitrogen Source. 
0152 The AmdS marker was removed by recombination 
by growing the transformants for 6 hours in YEPD in 2 ml 
tubes at 30° C. Cells were subsequently plated on 1.8% agar 
medium containing YCB (Difco) and 40 mM fluoracetamide 
and 30 mM phosphate buffer pH 6.8 supporting growth only 
from cells that have lost the AmdS marker. Correct integration 
and recombination were confirmed by PCR. The correct inte 
gration of the fragment upstream was confirmed with the 
following primers: 

P1: 5 - GAATTGAAGGATATCTACATCAAG-3 
and 

P2: 
5 - CCCATCTACGGAACCCTGATCAAGC-3 '' . 

0153. The correct integration of the fragment downstream 
was confirmed with the following primers: 

P3 : 
5 - GATGGTGTCACCATTACCAGGTCTAG-3 
and 

P4 : 
5'-GTTCTCTGGTCAAGTTGAAGTCCATTTTGATTGATTTGACTGTGTTA 

0154 The resulting strain was named BLT021. 
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0155 pBOL34 was linearized by a Psil digestion and inte 
grated in the ADH1 locus of BLT021. The transformants were 
grown on plates containing YCB (Difco) and 5 mM aceta 
mide. For removal of the AmdS selection marker, colonies 
were inoculated in YEPD and grown for 6 hours in 2 ml tubes 
at 30° C. The cells were plated on YCB (Difco) and 40 mM 
fluoracetamide and 0.1% ammonium Sulphate. 
0156 Correct integration and recombination were con 
firmed by PCR. The correct integration of the fragment 
upstream was confirmed with the following primer set: 

PS: 5 - GAACAATAGAGCGACCATGACCTTG-3 
and 

P6 : 5 - GACATCAGCGTCACCAGCCTTGATG-3 '' . 

0157. The correct integration of the fragment downstream 
was confirmed with the following primer set: 

Pf: 5 - GATTGAAGGTTTCAAGAACAGGTGATG-3 
and 

P8; 5 - GGCGATCAGAGTTGAAAAAAAAATG-3 '' . 

0158. The resulting strain was named BLT057. 

Example 5 
Introducing ETFO. and ETFB in BLT057 

0159. The ETF genes and the Acdh genes as listed in Table 
4 were codon pair optimized for S. cerevisiae as described in 
WO2008/000632 and expressed from yeast promoters and 
terminators as listed in Table 4. 

TABLE 4 

Promoters and terminators used for expression of codon pair optimized 
ETF genes and Acdh genes in S. cerevisiae 

Promotor Terminator 

Etfol (CpO) tefl tdh2 
EtfB (CpO) tdh2 tef1 
Acdhó4 (AdhES. aureus) tdh3 adh 
Acdhó5 (Clostridium) tdh3 adh 
Acdhó6 (EutE. E. coli) tdh3 adh 
Acdhó7 (lin1129 Ec) tdh3 Adh 

0160 The integration vectors expressing ETFO. and ETFB 
only (pBOL113, SEQID NO:43) or ETFO. and ETFB com 
bined with Acdhó4 (pBOL115, SEQ ID NO:44), Acdhó5 
(pBOL116, SEQID NO:45), Acdhé6 (pBOL118, SEQID 
NO:46) or Acdh67 (pBOL120, SEQID NO:47) were syn 
thesized by Geneart AG. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 52 

<21 Os SEQ ID NO 1 
&211s LENGTH: 64 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 5'acs2 
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(0161 The vectors, pBOL113, pBOL115, pBOL116, 
pBOL118 and p3OL120, were linearized with StuI and inte 
grated in the ura3-52 locus of strain BLT057. 
0162 The transformants were grown in YNB (Difco) w/o 
amino acids +2% galactose to select for uracil prototrophic 
strains. The strains derived from strain BLT057 with 
pBOL113/115/116/118/120 integrated in the genome were 
designated strains: BLT071, BLT072, BLT073, BLT074 and 
BLT075, respectively. 

Example 6 

Improved Butanol Production by Expressing Positive 
Acdh Genes 

(0163 Strains BLT071 through BLT075 as prepared in 
Example 5 were grown in Verduyn medium (Verduyn et al. 
(1992)Yeast 8:501-517) in which the ammonium sulphate is 
replaced by 2 g/l ureum and which further contains 4 wt.% 
galactose. Cells were grown in 100 ml shake flasks containing 
50 ml of medium for 72 hours at 30° C. at 180 rpm in a rotary 
shaker. 

(0164. The butanol concentration was determined in the 
supernatant of the culture. Samples were analysed on a HS 
GC equipped with a flame ionisation detector and an auto 
matic injection system. Column J&W DB-1 length 30 m, id 
0.53 mm, df 5 um. The following conditions were used: 
helium as carrier gas with a flow rate of 5 ml/min. Column 
temperature was set at 110°C. The injector was set at 140°C. 
and the detector performed at 300° C. The data was obtained 
using Chromeleon software. Samples were heated at 60° C. 
for 20 min in the headspace sampler. One (1) ml of the 
headspace Volatiles were automatically injected on the col 
l 

0.165 1-Butanol production of the various strains was as 
follows: 

(0166 BLT057: 120 mg/1 
(0167 BLT071: 450 mg/1 
(0168 BLT072: 500 mg/1 
(0169 BLT073: 600 mg/1 
(0170 BLT074: 670 mg/1 
(0171 BLT075: 700 mg/1 
0.172. The results show that introduction of electron trans 
fer flavoproteins (ETF alpha and ETF beta) and/or introduc 
tion of acetylating acetaldehyde dehydrogenases as identified 
by a complementation assay of Example 3, increase the 
butanol production level. 
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atacacaaac agaatacagg aaagtaaatc aatacaataa taaaa.ca.gct gaagctt cqt 

acgc 

t ct cattacg aaatttitt ct catttaagtt atttctttitt ttgaggcata ggccact agt 

SEQUENCE: 1 

SEQ ID NO 2 
LENGTH: 67 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: primer 3' acs2 

SEQUENCE: 2 

ggatctg 

SEQ ID NO 3 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: probe 5' acs2 

SEQUENCE: 3 

gatatt.cggit agc.cgatt CC 

SEQ ID NO 4 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: probe 3' acs2 

SEQUENCE: 4 

cc.gtaacctt citcgtaatgc 

SEO ID NO 5 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: probe ACS2 internal 

SEQUENCE: 5 

cggatt cqtc at cagottca 

SEQ ID NO 6 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: probe KanA 

SEQUENCE: 6 

cgcacgtcaa gactgtcaag 

SEO ID NO 7 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: probe KanB 

13 

- Continued 

6 O 

64 

6 O 

67 
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14 

- Continued 

<4 OO > SEQUENCE: 7 

tcgitatgtga atgctggit cq 

<210s, SEQ ID NO 8 
&211s LENGTH: 64 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer MCS-5' Tadh 

<4 OOs, SEQUENCE: 8 

aagg tacctic tag act agtic ccgggctgca gtcgact cqa gcgaatttct tatgattitat 

gatt 

<210s, SEQ ID NO 9 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer Tadh1-Hind 

<4 OOs, SEQUENCE: 9 

aggaagctta ggcctgttgttg gaagaacgat tacaa.cagg 

<210 SEQ ID NO 10 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer P1 

<4 OOs, SEQUENCE: 10 

gaattgaagg at atct acat Caag 

<210s, SEQ ID NO 11 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer P2 

<4 OOs, SEQUENCE: 11 

cc catctacg gaaccoltgat caa.gc 

<210s, SEQ ID NO 12 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer P3 

<4 OOs, SEQUENCE: 12 

gatggtgtca C cattaccag gtctag 

<210s, SEQ ID NO 13 
&211s LENGTH: 56 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer P4 

<4 OOs, SEQUENCE: 13 

6 O 

64 

39 

24 

25 

26 

Sep. 30, 2010 
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gttctic tdgt caagttgaag to cattttga ttgatttgac tdtgttattt togcgtg 56 

<210s, SEQ ID NO 14 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer P5 

<4 OOs, SEQUENCE: 14 

gaacaataga gcgaccatga CCttg 25 

<210s, SEQ ID NO 15 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer P6 

<4 OOs, SEQUENCE: 15 

gacatcagcg tcaccago: ct tatg 25 

<210s, SEQ ID NO 16 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer P7 

<4 OOs, SEQUENCE: 16 

gattgaaggt ttcaagaaca ggtgatg 27 

<210s, SEQ ID NO 17 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer P8 

<4 OOs, SEQUENCE: 17 

ggcgat Caga gttgaaaaaa aaatg 25 

<210s, SEQ ID NO 18 
&211s LENGTH: 14 O4 
&212s. TYPE: DNA 
<213> ORGANISM: Escherichia coli 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (1404) 

<4 OOs, SEQUENCE: 18 

atgaat caa cag gat att gaa cag gtg gtg aaa gcg gta Ctg ctgaaa 48 
Met Asn Glin Glin Asp Ile Glu Glin Val Val Lys Ala Val Lieu. Lieu Lys 
1. 5 1O 15 

atg caa agc agit gac acg cc.g. tcc gcc gcc gtt cat gag atg ggc gtt 96 
Met Glin Ser Ser Asp Thr Pro Ser Ala Ala Val His Glu Met Gly Val 

2O 25 3O 

ttic gcg tcc ctg gat gac gcc gtt gcg gca gcc aaa gtc gcc cag caa 144 
Phe Ala Ser Lieu. Asp Asp Ala Val Ala Ala Ala Lys Val Ala Glin Glin 

35 4 O 45 

ggg tta aaa agc gtg gca atg cgc cag tta gcc att gct gcc att ct 192 
Gly Lieu Lys Ser Val Ala Met Arg Glin Lieu Ala Ile Ala Ala Ile Arg 
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355 360 365 

CCC gt C gtg cgc gtc gcc aac gtg gcg gat gcc att gcg ct a gC9 gtg 152 
Pro Val Val Arg Val Ala Asn. Wall Ala Asp Ala Ile Ala Lieu Ala Val 

37 O 375 38O 

aala Ctg gala ggc ggit to cac cac acg gC9 goa atg cac tog CdC aac 2OO 
Llys Lieu. Glu Gly Gly Cys His His Thr Ala Ala Met His Ser Arg Asn 
385 390 395 4 OO 

atc gala aac atgaac cag atg gog aat gct att gat acc agc att titc 248 
Ile Glu Asn Met Asn. Glin Met Ala Asn Ala Ile Asp Thir Ser Ile Phe 

4 OS 41O 415 

gtt aag aac giga CC9 to att gcc ggg Ctgggg Ctg ggc ggg gala gC 296 
Val Lys Asn Gly Pro Cys Ile Ala Gly Lieu. Gly Lieu. Gly Gly Glu Gly 

42O 425 43 O 

tgg acc acc atg acc atc acc acg cca acc ggit gaa ggg gta acc agc 344 
Trp Thir Thr Met Thr Ile Thr Thr Pro Thr Gly Glu Gly Val Thr ser 

435 44 O 445 

gcg cqt acg titt gtc. c.gt Citg cgt. c9c tdt gta tta gtc gat gcg titt 392 
Ala Arg Thr Phe Val Arg Lieu. Arg Arg Cys Val Lieu Val Asp Ala Phe 

450 45.5 460 

cgc att gtt taa 4O4. 
Arg Ile Val 
465 

<210s, SEQ ID NO 19 
&211s LENGTH: 467 
212. TYPE: PRT 

<213> ORGANISM: Escherichia coli 

<4 OOs, SEQUENCE: 19 

Met Asn Glin Glin Asp Ile Glu Glin Val Val Lys Ala Val Lieu. Lieu Lys 
1. 5 1O 15 

Met Glin Ser Ser Asp Thr Pro Ser Ala Ala Val His Glu Met Gly Val 
2O 25 3O 

Phe Ala Ser Lieu. Asp Asp Ala Val Ala Ala Ala Lys Val Ala Glin Glin 
35 4 O 45 

Gly Lieu Lys Ser Val Ala Met Arg Glin Lieu Ala Ile Ala Ala Ile Arg 
SO 55 6 O 

Glu Ala Gly Glu Lys His Ala Arg Asp Lieu Ala Glu Lieu Ala Val Ser 
65 70 7s 8O 

Glu Thr Gly Met Gly Arg Val Glu Asp Llys Phe Ala Lys Asn. Wall Ala 
85 90 95 

Glin Ala Arg Gly Thr Pro Gly Val Glu. Cys Lieu Ser Pro Glin Val Lieu. 
1OO 105 11 O 

Thr Gly Asp Asin Gly Lieu. Thir Lieu. Ile Glu Asn Ala Pro Trp Gly Val 
115 12 O 125 

Wall Ala Ser Wall. Thir Pro Ser Thir Asn. Pro Ala Ala Thir Wall Ile Asn 
13 O 135 14 O 

Asn Ala Ile Ser Lieu. Ile Ala Ala Gly Asn. Ser Val Ile Phe Ala Pro 
145 150 155 160 

His Pro Ala Ala Lys Llys Val Ser Glin Arg Ala Ile Thr Lieu. Lieu. Asn 
1.65 17O 17s 

Glin Ala Ile Val Ala Ala Gly Gly Pro Glu Asn Lieu. Lieu Val Thr Val 
18O 185 19 O 

Ala Asn Pro Asp Ile Glu Thir Ala Glin Arg Lieu. Phe Llys Phe Pro Gly 
195 2OO 2O5 
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Ile 

Arg 
225 

Pro 

Ile 

Met 

Lell 
3. OS 

Wall 

Ile 

Thir 

Pro 

Lys 
385 

Ile 

Wall 

Trp 

Ala 

Arg 
465 

Gly 
21 O 

Wall 

Wall 

Wall 

Glu 
29 O 

Glin 

Ser 

Gly 

Ala 

Wall 
37 O 

Luell 

Glu 

Thir 

Arg 
450 

Ile 

Luell 

His 

Wall 

Luell 

Gly 

Pro 

Arg 

Luell 

Glu 
355 

Wall 

Glu 

Asn 

Asn 

Thir 
435 

Thir 

Wall 

Leu Val Val Thr Gly 
215 

Thir Asn Lys Arg Lieu 
23 O 

Val Asp Glu Thir Ala 
245 

Gly Ala Ser Phe Asp 
26 O 

Ile Val Val Asp Ser 
28O 

Gln His Ala Wall Lys 
295 

Val Lieu Lleu Lys Asn 
310 

Asp Trp Val Gly Arg 
3.25 

Llys Val Pro Glin Glu 
34 O 

His Pro Phe Ala Wall 
360 

Arg Val Ala Asn Val 
375 

Gly Gly Cys His His 
390 

Met Asn. Glin Met Ala 
4 OS 

Gly Pro Cys Ile Ala 

Met Thir Ilie Thir Thr 
44 O 

Phe Val Arg Lieu. Arg 

SEQ ID NO 2 O 
LENGTH: 14 O1 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: optimised sequence 

<4 OOs, SEQUENCE: 2O 

atgaac caac aagatat cqa 

gacact coat 

gctgc.cat ca 

gaaaccggta 

actic Caggtg 

attgaaaatg 

aggttgctica 

gagaa.gctgg 

tgggtagagt 

tcqaatgttt 

Ct c catgggg 

45.5 

acaagttgtc 

ccacgaaatg 

acalaggtttg 

tgaaaagcat 

tgaagacaaa 

gtc. tccacaa 

tgttgttgct 

Gly Glu Ala 

Ile Ala Ala 
235 

Asp Lieu Ala 
250 

Asn Asn. Ile 
265 

Val Ala Asp 

Lieu. Thir Ala 

Ile Asp Glu 
315 

Asp Ala Gly 
330 

Thir Arg Lieu. 
345 

Thr Glu Lieu. 

Ala Asp Ala 

Thir Ala Ala 
395 

Asn Ala Ile 
41O 

Gly Lieu. Gly 
425 

Pro Thr Gly 

Arg Cys Val 

aaggctgtct 

ggtgtttitcg 

aaatctgttg 

gccagagact 

titcgctaaga 

gtc.ttgaccg 

tcc.gt caccc 

18 

- Continued 

Wall 
22O 

Gly 

Arg 

Ile 

Glu 

Glu 
3 OO 

Arg 

Lell 

Met 

Ile 

Met 

Asp 

Lell 

Glu 

Lell 
460 

Wall 

Ala 

Ala 

Lell 
285 

Glin 

Gly 

Ile 

Phe 

Met 
365 

Ala 

His 

Thir 

Gly 

Gly 
445 

Wall 

Glu 

Gly 

Ala 

Ala 
27 O 

Met 

Ala 

Ala 

Wall 
35. O 

Pro 

Luell 

Ser 

Ser 

Gly 
43 O 

Wall 

Asp 

tgttgaaaat 

cittctittgga 

c catgaga.ca 

tggctgaatt 

acgttgctica 

gtgataatgg 

Catctaccala 

Ala Ala 

Asn. Pro 
24 O 

Glin Ser 
255 

Asp Glu 

Arg Lieu. 

Glin Glin 

Gly Thr 
32O 

Ala Ala 
335 

Glu Thir 

Wall Lieu 

Ala Wall 

Arg Asn 
4 OO 

Ile Phe 
415 

Glu Gly 

Thir Ser 

Ala Phe 

gcaat cittct 

cgacgctgtt 

attggcc att 

ggctgtctic C 

agctagaggt 

tittgactittg 

cc.cagctgct 

6 O 

12 O 

18O 

24 O 

3OO 

360 

Sep. 30, 2010 
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gaa ggit agt act act titc act att gca acg cct act gga gala gga aca 1344 
Glu Gly Ser Thr Thr Phe Thir Ile Ala Thr Pro Thr Gly Glu Gly Thr 

435 44 O 445 

act aca gca cqt cat titt gct aga cqc cqc cqc togt gtt tta aca gat 1392 
Thir Thr Ala Arg His Phe Ala Arg Arg Arg Arg Cys Val Lieu. Thir Asp 

450 45.5 460 

ggt titt tog att cqt taa 1410 
Gly Phe Ser Ile Arg 
465 

<210s, SEQ ID NO 22 
&211s LENGTH: 469 
212. TYPE: PRT 

<213> ORGANISM: Listeria innocula 

<4 OOs, SEQUENCE: 22 

Met Glu Ser Lieu. Glu Lieu. Glu Glin Lieu Val Lys Llys Val Lieu. Lieu. Glu 
1. 5 1O 15 

Lys Lieu Ala Glu Gln Lys Glu Val Pro Thr Lys Thr Thr Thr Glin Gly 
2O 25 3O 

Ala Lys Ser Gly Val Phe Asp Thr Val Asp Glu Ala Val Glin Ala Ala 
35 4 O 45 

Val Ile Ala Glin Asn. Cys Tyr Lys Glu Lys Ser Lieu. Glu Glu Arg Arg 
SO 55 6 O 

Asn Val Val Lys Ala Ile Arg Glu Ala Lieu. Tyr Pro Glu Ile Glu Thr 
65 70 7s 8O 

Ile Ala Thr Arg Ala Val Ala Glu Thr Gly Met Gly Asn Val Thr Asp 
85 90 95 

Lys Ile Lieu Lys Asn. Thir Lieu Ala Ile Glu Lys Thr Pro Gly Val Glu 
1OO 105 11 O 

Asp Leu Tyr Thr Glu Val Ala Thr Gly Asp Asn Gly Met Thr Lieu. Tyr 
115 12 O 125 

Glu Lieu Ser Pro Tyr Gly Val Ile Gly Ala Val Ala Pro Ser Thr Asn 
13 O 135 14 O 

Pro Thr Glu Thir Lieu. Ile Cys Asn Ser Ile Gly Met Leu Ala Ala Gly 
145 150 155 160 

Asn Ala Val Phe Tyr Ser Pro His Pro Gly Ala Lys Asn Ile Ser Leu 
1.65 17O 17s 

Trp Lieu. Ile Glu Lys Lieu. Asn. Thir Ile Val Arg Asp Ser Cys Gly Ile 
18O 185 19 O 

Asp Asn Lieu. Ile Val Thr Val Ala Lys Pro Ser Ile Glin Ala Ala Glin 
195 2OO 2O5 

Glu Met Met Asn His Pro Llys Val Pro Leu Lieu Val Ile Thr Gly Gly 
21 O 215 22O 

Pro Gly Val Val Lieu. Glin Ala Met Glin Ser Gly Llys Llys Val Ile Gly 
225 23 O 235 24 O 

Ala Gly Ala Gly ASn Pro Pro Ser Ile Val Asp Glu Thir Ala Asn. Ile 
245 250 255 

Glu Lys Ala Ala Ala Asp Ile Val Asp Gly Ala Ser Phe Asp His Asn 
26 O 265 27 O 

Ile Lieu. Cys Ile Ala Glu Lys Ser Val Val Ala Val Asp Ser Ile Ala 
27s 28O 285 

Asp Phe Lieu. Lieu. Phe Gln Met Glu Lys Asn Gly Ala Lieu. His Val Thr 
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29 O 295 3 OO 

Asn Pro Ser Asp Ile Glin Llys Lieu. Glu Lys Val Ala Val Thr Asp Llys 
3. OS 310 315 32O 

Gly Val Thir Asn Llys Llys Lieu Val Gly Lys Ser Ala Thr Glu Ile Lieu. 
3.25 330 335 

Lys Glu Ala Gly Ile Ala Cys Asp Phe Thr Pro Arg Lieu. Ile Ile Val 
34 O 345 35. O 

Glu Thr Glu Lys Ser His Pro Phe Ala Thr Val Glu Lieu. Leu Met Pro 
355 360 365 

Ile Val Pro Val Val Arg Val Pro Asp Phe Asp Glu Ala Lieu. Glu Val 
37 O 375 38O 

Ala Ile Glu Lieu. Glu Gln Gly Lieu. His His Thr Ala Thr Met His Ser 
385 390 395 4 OO 

Glin Asn. Ile Ser Arg Lieu. Asn Lys Ala Ala Arg Asp Met Glin Thir Ser 
4 OS 41O 415 

Ile Phe Val Lys Asn Gly Pro Ser Phe Ala Gly Lieu. Gly Phe Arg Gly 
42O 425 43 O 

Glu Gly Ser Thr Thr Phe Thir Ile Ala Thr Pro Thr Gly Glu Gly Thr 
435 44 O 445 

Thir Thr Ala Arg His Phe Ala Arg Arg Arg Arg Cys Val Lieu. Thir Asp 
450 45.5 460 

Gly Phe Ser Ile Arg 
465 

<210s, SEQ ID NO 23 
&211s LENGTH: 14 Of 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: optimised sequence 

<4 OOs, SEQUENCE: 23 

atggaatctt tdaattgga acaattagtic aagaaggttt tittggaaaa attggctgaa 6 O 

caaaaggaag titccalaccala gaccaccacc Caaggtgcca agt ccggtgt titt cat acc 12 O 

gtcgatgaag ctgtccaa.gc tigc.cgt.catt gct caaaact gttacaagga aaaatctittg 18O 

gaagaaagaa gaaacgttgt Caaggc.catc agaga agctt tat acccaga aatcgaalacc 24 O 

attgctacca gagctgttgc tigaaaccggt atggg taatgtcaccgataa aatcttgaag 3OO 

aacactittag citat cqaaaa gactic caggt gttgaag act totacactga agttgct acc 360 

ggtgacaacg gtatgactitt atacgaatta t ct coat acg gtgtcatcgg totgttgct 42O 

c catctacca acccaactga aactittgatc tdtaact coat cqg tatgtt ggctgctggit 48O 

aacgc.cgttt totact ct co to acccaggit gccaagaaca tot ctittatg gttgattgaa 54 O 

aagttgaaca citat cqtcag agatt cittgt gig tattgaca acttgattgt caccgttgcc 6OO 

aagc catcta t coaa.gctgc ticaagaaatg atgaaccacc caaaggttcc attgttggit c 660 

at Cactggtg gtcCaggtgt ttcttgcaa got atgcaat Ctggtaagaa ggittatcggit 72 O 

gctggtgctg gta accct Co. atc catcgtt gacga aaccg Ctaac attga aaaggctgct 78O 

gctgacattgtcgacggtgc titc ctittgac cataatat ct tdtgitat cqc togaaaagttct 84 O 

gttgttgc.cg ttgact coat tctgactitc ttgttgttcc aaatggaaaa gaacggtgct 9 OO 

ttgcacgt.ca ctaaccolatc tdatat coaa aaattggaaa aggttgcc.gt cactgacaag 96.O 
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gca Ctt at C ctit gca aca ggt gga gala gga atg gta aga gca gct tac 624 
Ala Lieu. Ile Lieu Ala Thr Gly Gly Glu Gly Met Val Arg Ala Ala Tyr 

195 2OO 2O5 

agt to a gga aca Cca gct at a gga gtt gga cct gga aac ggc cca to 672 
Ser Ser Gly Thr Pro Ala Ile Gly Val Gly Pro Gly Asn Gly Pro Cys 

21 O 215 22O 

titt att gala aga aca gca gat att cot aca gca gta aga aaa gta at a 72 O 
Phe Ile Glu Arg Thr Ala Asp Ile Pro Thir Ala Val Arg Llys Val Ile 
225 23 O 235 24 O 

ggc agt gat act titt gat aat gga gta at a tigt gct tca gaa caa to a 768 
Gly Ser Asp Thr Phe Asp Asn Gly Val Ile Cys Ala Ser Glu Glin Ser 

245 250 255 

ata at a gca gag aca gta aag aaa gCa gag ata att gaa gala tt C aag 816 
Ile Ile Ala Glu Thr Val Llys Lys Ala Glu Ile Ile Glu Glu Phe Lys 

26 O 265 27 O 

aga caa aaa gga t at titc tta aat gca gala gala t ca gaa aaa gta ggc 864 
Arg Gln Lys Gly Tyr Phe Lieu. Asn Ala Glu Glu Ser Glu, Llys Val Gly 

27s 28O 285 

aag att tta tta aga gct aat gga aca cca aac cca gca at a gta gga 912 
Lys Ile Lieu. Lieu. Arg Ala Asn Gly Thr Pro Asn. Pro Ala Ile Val Gly 

29 O 295 3 OO 

aaa gat gtt cala gca tta gca aaa tta gca gga ata agc at a cca agc 96.O 
Lys Asp Val Glin Ala Lieu Ala Lys Lieu Ala Gly Ile Ser Ile Pro Ser 
3. OS 310 315 32O 

gat gcg gta at a tta Ctt t ca gag cag aca gat gtg agt cca aag aac OO8 
Asp Ala Val Ile Lieu Lleu Ser Glu Glin Thr Asp Wal Ser Pro Lys Asn 

3.25 330 335 

cct tat gca aag gaa aaa tta gct coa gta citt gca ttc tat aca gta O56 
Pro Tyr Ala Lys Glu Lys Lieu Ala Pro Val Lieu Ala Phe Tyr Thr Val 

34 O 345 35. O 

gaa gac togg cat gaa goa tdt gala aaa toc tta gca citt citt cat aac 104 
Glu Asp Trp His Glu Ala Cys Glu Lys Ser Lieu Ala Lieu. Lieu. His Asn 

355 360 365 

caa gga agt gga cat aca tta ata att cac to a cag aat gala gaa atc 152 
Gln Gly Ser Gly His Thr Lieu. Ile Ile His Ser Glin Asn Glu Glu Ile 

37 O 375 38O 

ata aga gaa titc gca ttg aag aaa cca gta toa aga at a citt gta aat 2OO 
Ile Arg Glu Phe Ala Lieu Lys Llys Pro Val Ser Arg Ile Lieu Val Asn 
385 390 395 4 OO 

tca cct gga to a citt gga gga at a ggt gga gct aca aat Ctt gta Cca 248 
Ser Pro Gly Ser Lieu. Gly Gly Ile Gly Gly Ala Thr Asn Lieu Val Pro 

4 OS 41O 415 

t ca. Ctt aca tta ggc tigt gga gca gta ggt gga agt gca act tca gat 296 
Ser Lieu. Thir Lieu. Gly Cys Gly Ala Val Gly Gly Ser Ala Thir Ser Asp 

42O 425 43 O 

aac gta gga cca gaa aac tta tt C aac at a aga aaa gta gct tat gga 344 
Asn Val Gly Pro Glu Asn Lieu. Phe Asn. Ile Arg Llys Val Ala Tyr Gly 

435 44 O 445 

act acg aca gta gaa gaa ata aga. gala gct titt ggt gta gga gca gct 392 
Thir Thir Thr Val Glu Glu Ile Arg Glu Ala Phe Gly Val Gly Ala Ala 

450 45.5 460 

t catca agt gca cca gca gaa cca gala gat aat gaa gat gta cag gct 44 O 
Ser Ser Ser Ala Pro Ala Glu Pro Glu Asp Asn. Glu Asp Val Glin Ala 
465 470 47s 48O 

ata gta aaa got ata atg gct aaa tta aat citt taa 476 
Ile Val Lys Ala Ile Met Ala Lys Lieu. Asn Lieu. 

485 490 
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<210s, SEQ ID NO 25 
&211s LENGTH: 491 
212. TYPE: PRT 

<213> ORGANISM: Clostridium kluyveri 

<4 OOs, SEQUENCE: 25 

Met Glu Ile Met Asp Lys Asp Lieu. Glin Ser Ile Glin Glu Val Arg Thr 
1. 5 1O 15 

Lieu. Ile Ala Lys Ala Lys Lys Ala Glin Ala Glu Phe Lys Asn. Phe Ser 
2O 25 3O 

Glin Glu Ala Val Asn Llys Val Ile Glu Lys Ile Ala Lys Ala Thr Glu 
35 4 O 45 

Val Glu Ala Val Llys Lieu Ala Lys Lieu Ala Tyr Glu Asp Thr Gly Tyr 
SO 55 6 O 

Gly Lys Trp Glu Asp Llys Val Ile Lys Asn Llys Phe Ser Ser Ile Val 
65 70 7s 8O 

Val Tyr Asn Tyr Ile Lys Asp Lieu Lys Thr Val Gly Ile Lieu Lys Glu 
85 90 95 

Asp Llys Glu Lys Llys Lieu. Ile Asp Ile Ala Val Pro Lieu. Gly Val Ile 
1OO 105 11 O 

Ala Gly Lieu. Ile Pro Ser Thr Asn Pro Thr Ser Thr Ala Ile Phe Lys 
115 12 O 125 

Val Lieu. Ile Ala Lieu Lys Ala Gly Asn Ala Ile Val Phe Ser Pro His 
13 O 135 14 O 

Pro Thr Ala Val Arg Ser Ile Thr Glu Thr Val Lys Ile Met Gln Lys 
145 150 155 160 

Ala Ala Val Glu Ala Gly Ala Pro Asp Gly Lieu. Ile Glin Cys Met Ser 
1.65 17O 17s 

Ile Lieu. Thr Val Glu Gly Thr Ala Glu Lieu Met Lys Asn Lys Asp Thr 
18O 185 19 O 

Ala Lieu. Ile Lieu Ala Thr Gly Gly Glu Gly Met Val Arg Ala Ala Tyr 
195 2OO 2O5 

Ser Ser Gly Thr Pro Ala Ile Gly Val Gly Pro Gly Asn Gly Pro Cys 
21 O 215 22O 

Phe Ile Glu Arg Thr Ala Asp Ile Pro Thir Ala Val Arg Llys Val Ile 
225 23 O 235 24 O 

Gly Ser Asp Thr Phe Asp Asn Gly Val Ile Cys Ala Ser Glu Glin Ser 
245 250 255 

Ile Ile Ala Glu Thr Val Llys Lys Ala Glu Ile Ile Glu Glu Phe Lys 
26 O 265 27 O 

Arg Gln Lys Gly Tyr Phe Lieu. Asn Ala Glu Glu Ser Glu, Llys Val Gly 
27s 28O 285 

Lys Ile Lieu. Lieu. Arg Ala Asn Gly Thr Pro Asn. Pro Ala Ile Val Gly 
29 O 295 3 OO 

Lys Asp Val Glin Ala Lieu Ala Lys Lieu Ala Gly Ile Ser Ile Pro Ser 
3. OS 310 315 32O 

Asp Ala Val Ile Lieu Lleu Ser Glu Glin Thr Asp Wal Ser Pro Lys Asn 
3.25 330 335 

Pro Tyr Ala Lys Glu Lys Lieu Ala Pro Val Lieu Ala Phe Tyr Thr Val 
34 O 345 35. O 

Glu Asp Trp His Glu Ala Cys Glu Lys Ser Lieu Ala Lieu. Lieu. His Asn 
355 360 365 
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Gln Gly Ser Gly His Thr Lieu. Ile Ile His Ser Glin Asn Glu Glu Ile 
37 O 375 38O 

Ile Arg Glu Phe Ala Lieu Lys Llys Pro Val Ser Arg Ile Lieu Val Asn 
385 390 395 4 OO 

Ser Pro Gly Ser Lieu. Gly Gly Ile Gly Gly Ala Thr Asn Lieu Val Pro 
4 OS 41O 415 

Ser Lieu. Thir Lieu. Gly Cys Gly Ala Val Gly Gly Ser Ala Thir Ser Asp 
42O 425 43 O 

Asn Val Gly Pro Glu Asn Lieu. Phe Asn. Ile Arg Llys Val Ala Tyr Gly 
435 44 O 445 

Thir Thir Thr Val Glu Glu Ile Arg Glu Ala Phe Gly Val Gly Ala Ala 
450 45.5 460 

Ser Ser Ser Ala Pro Ala Glu Pro Glu Asp Asn. Glu Asp Val Glin Ala 
465 470 47s 48O 

Ile Val Lys Ala Ile Met Ala Lys Lieu. Asn Lieu. 
485 490 

<210s, SEQ ID NO 26 
&211s LENGTH: 1473 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: optimised sequence 

<4 OOs, SEQUENCE: 26 

atggaaatca tacaagga tittgcaatcc atccaagaag ttagaactitt gattgccaag 6 O 

gccaagaagg citcaagctga attcaagaac ttitt cccaag aagctgttaa caagg to atc 12 O 

gaaaagat.cg cca aggctac taagttgaa gCtgtcaaat tdgccaaatt ggcttacgaa 18O 

gacaccggitt acggtaaatg ggalagacaag gtcat Caaga acaaatt Ct c ctic cattgtt 24 O 

gtct acaact a catcaagga tittgaaga cc gttggitatct taaggaaga Caaggaaaag 3OO 

aaattgattig acattgctgt cc cattaggt gtcattgctg gtttgatt.cc atc.taccaac 360 

c caact tcca citgccatttt caaggtottg attgctittga aggctggitaa cqc cattgtc 42O 

ttct ct coac acccaactgc tigt cogttcc at cactgaaa ccgittaagat catgcaaaag 48O 

gctgctgttg aagctggtgc ticcagatggit ttgat CCaat gtatgtc.cat tittgaccgtt 54 O 

gaagg tactg ctgaattgat gaagaacaag gacaccgctt tdatcttggc taccggtggit 6OO 

gaagg tatgg ttagagctgc titact cotct gg tactic cag C catcggtgt cqgtcCaggit 660 

aacggit coat gttt catcga aagaactgct gacattccaa citgctgttag aaaggittatc 72 O 

ggttctgaca ctitt.cgacaa cqgtgtcatc tdtgcttctgaacaatic cat cattgctgaa 78O 

accgtcaaga aggctgaaat catcgaagaa ttcaa.gagac aaaagggitta Ctt Cttgaat 84 O 

gctgaagaat Ctgaaaaggit ttaagatt Ctattacgtg C caacgg tact coaaac cca 9 OO 

gccatcgttg gtaaggatgt ccaagctittg gccaaattgg ctgg tatttic cattccatct 96.O 

gatgctgtta t ct tact atc cqaacaaacc gatgtttctic ctaaaaatcc attacgctaag 1 O2O 

gaaaaattgg Ctic cagtictt ggctttctac accgt.cgaag actggcatga agcttgttgaa 108 O 

aagttctittgg ctittattgca caaccaaggit totggtcaca ctittgat cat coactict caa 114 O 

aacgaagaaa toattagaga atttgctittg aagaa.gc.ctg titt coagaat tittggittaac 12 OO 

tctic caggitt ctittgggtgg tat cqgtggit gctaccaact tagt cccatc tittgactitta 126 O 
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gat aga atg gca gag Ctic gca ttt gala gat caa tot aca act gct aat 2544 
Asp Arg Met Ala Glu Lieu Ala Phe Glu Asp Glin Cys Thir Thr Ala Asn 

835 84 O 845 

cct aaa gaa goa cita atc agt gala atc aaa gat atc att caa aca to a 2592 
Pro Lys Glu Ala Lieu. Ile Ser Glu Ile Lys Asp Ile Ile Glin Thir Ser 

850 855 860 

tat gat tat aag caa taa 261 O 
Tyr Asp Tyr Lys Glin 
865 

<210s, SEQ ID NO 28 
&211s LENGTH: 869 
212. TYPE: PRT 

<213> ORGANISM: Staphylococcus aureus 

<4 OOs, SEQUENCE: 28 

Met Lieu. Thir Ile Pro Glu Lys Glu Asn Arg Gly Ser Lys Glu Glin Glu 
1. 5 1O 15 

Val Ala Ile Met Ile Asp Ala Lieu Ala Asp Llys Gly Llys Lys Ala Lieu 
2O 25 3O 

Glu Ala Lieu. Ser Llys Llys Ser Glin Glu Glu Ile Asp His Ile Val His 
35 4 O 45 

Glin Met Ser Lieu Ala Ala Val Asp Gln His Met Val Lieu Ala Lys Lieu. 
SO 55 6 O 

Ala His Glu Glu. Thr Gly Arg Gly Ile Tyr Glu Asp Lys Ala Ile Llys 
65 70 7s 8O 

Asn Lieu. Tyr Ala Ser Glu Tyr Ile Trp Asn. Ser Ile Lys Asp Asn Lys 
85 90 95 

Thr Val Gly Ile Ile Gly Glu Asp Llys Glu Lys Gly Lieu. Thir Tyr Val 
1OO 105 11 O 

Ala Glu Pro Ile Gly Val Ile Cys Gly Val Thr Pro Thr Thr Asn Pro 
115 12 O 125 

Thir Ser Thr Thr Ile Phe Lys Ala Met Ile Ala Ile Llys Thr Gly Asn 
13 O 135 14 O 

Pro Ile Ile Phe Ala Phe His Pro Ser Ala Glin Glu Ser Ser Lys Arg 
145 150 155 160 

Ala Ala Glu Val Val Lieu. Glu Ala Ala Met Lys Ala Gly Ala Pro Llys 
1.65 17O 17s 

Asp Ile Ile Gln Trp Ile Glu Val Pro Ser Ile Glu Ala Thr Lys Glin 
18O 185 19 O 

Lieu Met Asn His Lys Gly Ile Ala Lieu Val Lieu Ala Thr Gly Gly Ser 
195 2OO 2O5 

Gly Met Val Lys Ser Ala Tyr Ser Thr Gly Llys Pro Ala Leu Gly Val 
21 O 215 22O 

Gly Pro Gly Asn Val Pro Ser Tyr Ile Glu Lys Thr Ala His Ile Llys 
225 23 O 235 24 O 

Arg Ala Val Asn Asp Ile Ile Gly Ser Lys Thr Phe Asp Asn Gly Met 
245 250 255 

Ile Cys Ala Ser Glu Glin Val Val Val Ile Asp Llys Glu Ile Tyr Lys 
26 O 265 27 O 

Asp Val Thir Asn. Glu Phe Lys Ala His Glin Ala Tyr Phe Val Lys Llys 
27s 28O 285 

Asp Glu Lieu. Glin Arg Lieu. Glu Asn Ala Ile Met Asn. Glu Glin Llys Thr 
29 O 295 3 OO 
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Gly Ile Llys Pro Asp Ile Val Gly Lys Ser Ala Val Glu Ile Ala Glu 
3. OS 310 315 32O 

Lieu Ala Gly Ile Pro Val Pro Glu Asn. Thir Lys Lieu. Ile Ile Ala Glu 
3.25 330 335 

Ile Ser Gly Val Gly Ser Asp Tyr Pro Lieu. Ser Arg Glu Lys Lieu. Ser 
34 O 345 35. O 

Pro Val Lieu Ala Lieu Val Lys Ala Glin Ser Thr Lys Glin Ala Phe Glin 
355 360 365 

Ile Cys Glu Asp Thr Lieu. His Phe Gly Gly Lieu. Gly His Thr Ala Val 
37 O 375 38O 

Ile His Thr Glu Asp Glu Thir Lieu. Glin Lys Asp Phe Gly Lieu. Arg Met 
385 390 395 4 OO 

Lys Ala Cys Arg Val Lieu Val Asn Thr Pro Ser Ala Val Gly Gly Ile 
4 OS 41O 415 

Gly Asp Met Tyr Asn. Glu Lieu. Ile Pro Ser Lieu. Thir Lieu. Gly Cys Gly 
42O 425 43 O 

Ser Tyr Gly Arg Asn. Ser Ile Ser His Asn Val Ser Ala Thir Asp Lieu. 
435 44 O 445 

Lieu. Asn. Ile Llys Thir Ile Ala Lys Arg Arg Asn. Asn Thr Glin Ile Phe 
450 45.5 460 

Llys Val Pro Ala Glin Ile Tyr Phe Glu Glu Asn Ala Ile Met Ser Lieu. 
465 470 47s 48O 

Thir Thr Met Asp Lys Ile Glu Lys Val Met Ile Val Cys Asp Pro Gly 
485 490 495 

Met Val Glu Phe Gly Tyr Thr Lys Thr Val Glu Asn Val Lieu. Arg Glin 
SOO 505 51O 

Arg Thr Glu Gln Pro Glin Ile Lys Ile Phe Ser Glu Val Glu Pro Asn 
515 52O 525 

Pro Ser Thr Asn Thr Val Tyr Lys Gly Lieu. Glu Met Met Val Asp Phe 
53 O 535 54 O 

Glin Pro Asp Thir Ile Ile Ala Lieu. Gly Gly Gly Ser Ala Met Asp Ala 
5.45 550 555 560 

Ala Lys Ala Met Trp Met Phe Phe Glu. His Pro Glu Thir Ser Phe Phe 
565 st O sts 

Gly Ala Lys Glin Llys Phe Lieu. Asp Ile Gly Lys Arg Thr Tyr Lys Ile 
58O 585 59 O 

Gly Met Pro Glu Asn Ala Thr Phe Ile Cys Ile Pro Thr Thr Ser Gly 
595 6OO 605 

Thr Gly Ser Glu Val Thr Pro Phe Ala Val Ile Thr Asp Ser Glu Thr 
610 615 62O 

Asn. Wall Lys Tyr Pro Lieu Ala Asp Phe Ala Lieu. Thr Pro Asp Wall Ala 
625 630 635 64 O 

Ile Ile Asp Pro Glin Phe Val Met Ser Val Pro Llys Ser Val Thr Ala 
645 650 655 

Asp Thr Gly Met Asp Val Lieu. Thr His Ala Met Glu Ser Tyr Val Ser 
660 665 67 O 

Val Met Ala Ser Asp Tyr Thr Arg Gly Lieu. Ser Lieu. Glin Ala Ile Llys 
675 68O 685 

Lieu. Thir Phe Glu Tyr Lieu Lys Ser Ser Val Glu Lys Gly Asp Llys Val 
69 O. 695 7 OO 
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Ser 
7 Os 

Ala 

Gly 

His 

Pro 

Lys 

Lell 

Asn 

Asp 

Pro 

Tyr 
865 

Arg 

Asn 

Glu 

Ile 

Lys 
770 

Phe 

Ala 

Luell 

Arg 

Lys 
850 

Asp 

Glu 

Ala 

Tyr 

Ile 

Luell 

Met 
835 

Glu 

Llys Met His Asn Ala 
71O 

Phe Lieu. Gly Ile Ala 
72 

Gly Ile Pro His Gly 
740 

Arg Tyr Asn Ala Lys 
760 

Glu Phe Phe Arg Ala 
775 

Gly Lieu Lys Gly Asn 
79 O 

Ala Val Tyr Glu Lieu. 
805 

Ser Glin Gly Val Ser 

Ala Glu Lieu. Ala Phe 
84 O 

Ala Lieu. Ile Ser Glu 

Lys Glin 

SEQ ID NO 29 
LENGTH: 26O7 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: optimised sequence 

<4 OOs, SEQUENCE: 29 

atgttgacca 

attgatgctt 

gaagaaattg 

ttggccaagt 

aacttatacg 

attggtgaag 

ggtgtcactic 

alagactggta 

gctgctgaag 

tggattgaag 

ttagt cttgg 

gctittgggtg 

cgtgctgtca 

gaacaagttg 

caccaa.gctt 

gaacaaaaga 

ttggc.cggta 

titccagaaaa 

tagctgacaa 

accacattgt 

tggct catga 

cct ctdaata 

acaaagaaaa 

Calaccaccala 

accoa attat 

ttgttittgga 

t to cat coat 

Ctaccggtgg 

ttggtcCagg 

acgatat cat 

ttgtcattga 

actitcgtcaa 

ctggitat caa 

tcc cagttcc 

855 

ggaaaacaga 

aggtaagaag 

ccaccaaatg 

agaalaccggit 

catctggaac 

gggtttgacc 

CCCaactt Ct 

titt cqcttitc 

agctgc.catg 

tgaagctacc 

ttctgg tatg 

taacgttcca 

cggttccaag 

Caaggaaatc 

gaaggacgaa 

gccagatat c 

agaaaacacc 

Ser Thir Lieu. 
71s 

His Ser Ile 
73 O 

Arg Ala Asn 
74. 

Asp Pro Glin 

Asp Thr Asp 

Thir Thr Gul 
79. 

Gly Glin Ser 
810 

Glu Glu Glu 
825 

Glu Asp Glin 

Ile Lys Asp 

ggttccalagg 

gctttggaag 

t ccttggctg 

agaggitat ct 

tccatcaagg 

tacgttgctg 

accaccatct 

cacccatctg 

aaggctggtg 

alagcaattga 

gttaagttctg 

t citta catcg 

actitt cqata 

tacaaggatg 

ttacaaagat 

gttgg talagt 

aaattgatca 

32 

- Continued 

Ala 

Ala 

Ala 

Tyr 
78O 

Ala 

Wall 

Lell 

Ile 
860 

Gly Met Ala Phe 

His 

Ile 

His 
765 

Ala 

Lell 

Gly 

Asn 

Thir 
845 

Ile 

Lys 

Luell 
7 O 

Ala 

Asp 

Wall 

Ile 

Glu 
83 O 

Thir 

Glin 

aacaagaagt 

Ctttgtc.caa 

ctgttgacca 

acgaaga caa 

acaacaagac 

alaccalattgg 

t caaggctat 

citcaagaatc 

Ctccalaagga 

tgaac cacaa 

CttactCCaC 

aaaagactgc 

atgg tatgat 

t caccaatga 

tagaaaacgc 

Ctgctgttga 

ttgctgaaat 

Ile Gly 
73 

Leul Pro 

Lieu. Phe 

Ile Ala 

Glu Ser 

Glu Met 
815 

Ser Ile 

Ala Asn 

Thir Ser 

tgc catcatg 

gaagttct caa 

acacatggitt 

ggctatoaag 

tgttggitatic 

tgtcatctgt 

gattgc.catc 

titcCaagaga 

tat catcCaa 

ggg tattgct 

tgg taalacca 

t catat caag 

ctgtgcttct 

attcaaggct 

cat catgaac 

aattgctgaa 

Ctc.cggtgtc. 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

Sep. 30, 2010 
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- Continued 

Ala Met Thir Ile Asn Llys Val Cys Gly Ser Gly Lieu. Arg Thr Val Ser 
85 90 95 

Lieu Ala Ala Glin Ile Ile Lys Ala Gly Asp Ala Asp Val Ile Ile Ala 
1OO 105 11 O 

Gly Gly Met Glu Asn Met Ser Arg Ala Pro Tyr Lieu Ala Asn. Asn Ala 
115 12 O 125 

Arg Trp Gly Tyr Arg Met Gly Asn Ala Lys Phe Val Asp Glu Met Ile 
13 O 135 14 O 

Thir Asp Gly Lieu. Trp Asp Ala Phe Asn Asp Tyr His Met Gly Ile Thr 
145 150 155 160 

Ala Glu Asn. Ile Ala Glu Arg Trp Asn. Ile Ser Arg Glu Glu Glin Asp 
1.65 17O 17s 

Glu Phe Ala Lieu Ala Ser Glin Llys Lys Ala Glu Glu Ala Ile Llys Ser 
18O 185 19 O 

Gly Glin Phe Lys Asp Glu Ile Val Pro Val Val Ile Lys Gly Arg Llys 
195 2OO 2O5 

Gly Glu Thr Val Val Asp Thr Asp Glu. His Pro Arg Phe Gly Ser Thr 
21 O 215 22O 

Ile Glu Gly Lieu Ala Lys Lieu Lys Pro Ala Phe Llys Lys Asp Gly Thr 
225 23 O 235 24 O 

Val Thr Ala Gly Asn Ala Ser Gly Lieu. ASn Asp Cys Ala Ala Val Lieu. 
245 250 255 

Val Ile Met Ser Ala Glu Lys Ala Lys Glu Lieu. Gly Val Llys Pro Lieu 
26 O 265 27 O 

Ala Lys Ile Val Ser Tyr Gly Ser Ala Gly Val Asp Pro Ala Ile Met 
27s 28O 285 

Gly Tyr Gly Pro Phe Tyr Ala Thir Lys Ala Ala Ile Glu Lys Ala Gly 
29 O 295 3 OO 

Trp Thr Val Asp Glu Lieu. Asp Lieu. Ile Glu Ser Asn. Glu Ala Phe Ala 
3. OS 310 315 32O 

Ala Glin Ser Lieu Ala Val Ala Lys Asp Lieu Lys Phe Asp Met Asn Lys 
3.25 330 335 

Val Asn Val Asn Gly Gly Ala Ile Ala Lieu. Gly His Pro Ile Gly Ala 
34 O 345 35. O 

Ser Gly Ala Arg Ile Lieu Val Thir Lieu Val His Ala Met Gln Lys Arg 
355 360 365 

Asp Ala Lys Lys Gly Lieu Ala Thr Lieu. Cys Ile Gly Gly Gly Glin Gly 
37 O 375 38O 

Thir Ala Ile Lieu. Lieu. Glu Lys Cys 
385 390 

<210s, SEQ ID NO 31 
&211s LENGTH: 282 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 31 

Met Lys Llys Val Cys Val Ile Gly Ala Gly Thr Met Gly Ser Gly Ile 
1. 5 1O 15 

Ala Glin Ala Phe Ala Ala Lys Gly Phe Glu Val Val Lieu. Arg Asp Ile 
2O 25 3O 
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Lys Asp Glu Phe Val Asp Arg Gly Lieu. Asp Phe Ile Asn Lys Asn Lieu. 
35 4 O 45 

Ser Lys Lieu Val Llys Lys Gly Lys Ile Glu Glu Ala Thr Llys Val Glu 
SO 55 6 O 

Ile Lieu. Thir Arg Ile Ser Gly. Thr Val Asp Lieu. Asn Met Ala Ala Asp 
65 70 7s 8O 

Cys Asp Lieu Val Ile Glu Ala Ala Val Glu Arg Met Asp Ile Llys Llys 
85 90 95 

Glin Ile Phe Ala Asp Lieu. Asp Asn. Ile Cys Llys Pro Glu Thir Ile Lieu. 
1OO 105 11 O 

Ala Ser Asn. Thir Ser Ser Lieu. Ser Ile Thr Glu Wall Ala Ser Ala Thr 
115 12 O 125 

Lys Arg Pro Asp Llys Val Ile Gly Met His Phe Phe Asn Pro Ala Pro 
13 O 135 14 O 

Val Met Lys Lieu Val Glu Val Ile Arg Gly Ile Ala Thir Ser Glin Glu 
145 150 155 160 

Thir Phe Asp Ala Wall Lys Glu Thir Ser Ile Ala Ile Gly Lys Asp Pro 
1.65 17O 17s 

Val Glu Val Ala Glu Ala Pro Gly Phe Val Val Asn Arg Ile Lieu. Ile 
18O 185 19 O 

Pro Met Ile Asn. Glu Ala Val Gly Ile Lieu Ala Glu Gly Ile Ala Ser 
195 2OO 2O5 

Val Glu Asp Ile Asp Lys Ala Met Lys Lieu. Gly Ala Asn His Pro Met 
21 O 215 22O 

Gly Pro Lieu. Glu Lieu. Gly Asp Phe Ile Gly Lieu. Asp Ile Cys Lieu Ala 
225 23 O 235 24 O 

Ile Met Asp Val Lieu. Tyr Ser Glu Thr Gly Asp Ser Lys Tyr Arg Pro 
245 250 255 

His Thr Lieu. Lieu Lys Llys Tyr Val Arg Ala Gly Trp Lieu. Gly Arg Llys 
26 O 265 27 O 

Ser Gly Lys Gly Phe Tyr Asp Tyr Ser Lys 
27s 28O 

<210s, SEQ ID NO 32 
&211s LENGTH: 261 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 32 

Met Glu Lieu. Asn. Asn Val Ile Lieu. Glu Lys Glu Gly Llys Val Ala Val 
1. 5 1O 15 

Val Thir Ile Asn Arg Pro Lys Ala Lieu. Asn Ala Lieu. Asn. Ser Asp Thr 
2O 25 3O 

Lieu Lys Glu Met Asp Tyr Val Ile Gly Glu Ile Glu Asn Asp Ser Glu 
35 4 O 45 

Val Lieu Ala Val Ile Lieu. Thr Gly Ala Gly Glu Lys Ser Phe Val Ala 
SO 55 6 O 

Gly Ala Asp Ile Ser Glu Met Lys Glu Met Asn. Thir Ile Glu Gly Arg 
65 70 7s 8O 

Llys Phe Gly Ile Lieu. Gly Asn Llys Val Phe Arg Arg Lieu. Glu Lieu. Lieu. 
85 90 95 

Glu Lys Pro Val Ile Ala Ala Val Asn Gly Phe Ala Lieu. Gly Gly Gly 
1OO 105 11 O 
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Cys Glu Ile Ala Met Ser Cys Asp Ile Arg Ile Ala Ser Ser Asn Ala 
115 12 O 125 

Arg Phe Gly Glin Pro Glu Val Gly Lieu. Gly Ile Thr Pro Gly Phe Gly 
13 O 135 14 O 

Gly Thr Glin Arg Lieu. Ser Arg Lieu Val Gly Met Gly Met Ala Lys Glin 
145 150 155 160 

Lieu. Ile Phe Thir Ala Glin Asn. Ile Lys Ala Asp Glu Ala Lieu. Arg Ile 
1.65 17O 17s 

Gly Lieu Val Asn Llys Val Val Glu Pro Ser Glu Lieu Met Asn. Thir Ala 
18O 185 19 O 

Lys Glu Ile Ala Asn Lys Ile Val Ser Asn Ala Pro Val Ala Val Lys 
195 2OO 2O5 

Lieu. Ser Lys Glin Ala Ile Asn Arg Gly Met Glin Cys Asp Ile Asp Thr 
21 O 215 22O 

Ala Leu Ala Phe Glu Ser Glu Ala Phe Gly Glu. Cys Phe Ser Thr Glu 
225 23 O 235 24 O 

Asp Gln Lys Asp Ala Met Thr Ala Phe Ile Glu Lys Arg Lys Ile Glu 
245 250 255 

Gly Phe Lys Asn Arg 
26 O 

<210 SEQ ID NO 33 
&211s LENGTH: 379 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 33 

Met Asp Phe Asn Lieu. Thir Arg Glu Glin Glu Lieu Val Arg Glin Met Val 
1. 5 1O 15 

Arg Glu Phe Ala Glu Asn. Glu Val Llys Pro Ile Ala Ala Glu Ile Asp 
2O 25 3O 

Glu Thr Glu Arg Phe Pro Met Glu Asn Val Lys Lys Met Gly Glin Tyr 
35 4 O 45 

Gly Met Met Gly Ile Pro Phe Ser Lys Glu Tyr Gly Gly Ala Gly Gly 
SO 55 6 O 

Asp Val Lieu. Ser Tyr Ile Ile Ala Val Glu Glu Lieu. Ser Llys Val Cys 
65 70 7s 8O 

Gly. Thir Thr Gly Val Ile Leu Ser Ala His Thir Ser Lieu. Cys Ala Ser 
85 90 95 

Lieu. Ile Asn. Glu. His Gly Thr Glu Glu Gln Lys Glin Llys Tyr Lieu Val 
1OO 105 11 O 

Pro Lieu Ala Lys Gly Glu Lys Ile Gly Ala Tyr Gly Lieu. Thr Glu Pro 
115 12 O 125 

Asn Ala Gly Thr Asp Ser Gly Ala Glin Glin Thr Val Ala Val Lieu. Glu 
13 O 135 14 O 

Gly Asp His Tyr Val Ile Asn Gly Ser Lys Ile Phe Ile Thr Asn Gly 
145 150 155 160 

Gly Val Ala Asp Thr Phe Val Ile Phe Ala Met Thr Asp Arg Thr Lys 
1.65 17O 17s 

Gly. Thir Lys Gly Ile Ser Ala Phe Ile Ile Glu Lys Gly Phe Lys Gly 
18O 185 19 O 

Phe Ser Ile Gly Llys Val Glu Glin Llys Lieu. Gly Ile Arg Ala Ser Ser 
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195 2OO 2O5 

Thir Thr Glu Lieu Val Phe Glu Asp Met Ile Val Pro Val Glu Asn Met 
21 O 215 22O 

Ile Gly Lys Glu Gly Lys Gly Phe Pro Ile Ala Met Lys Thir Lieu. Asp 
225 23 O 235 24 O 

Gly Gly Arg Ile Gly Ile Ala Ala Glin Ala Lieu. Gly Ile Ala Glu Gly 
245 250 255 

Ala Phe Asn. Glu Ala Arg Ala Tyr Met Lys Glu Arg Lys Glin Phe Gly 
26 O 265 27 O 

Arg Ser Lieu. Asp Llys Phe Glin Gly Lieu Ala Trp Met Met Ala Asp Met 
27s 28O 285 

Asp Wall Ala Ile Glu Ser Ala Arg Tyr Lieu Val Tyr Lys Ala Ala Tyr 
29 O 295 3 OO 

Lieu Lys Glin Ala Gly Lieu Pro Tyr Thr Val Asp Ala Ala Arg Ala Lys 
3. OS 310 315 32O 

Lieu. His Ala Ala Asn Val Ala Met Asp Val Thir Thr Lys Ala Val Glin 
3.25 330 335 

Lieu. Phe Gly Gly Tyr Gly Tyr Thr Lys Asp Tyr Pro Val Glu Arg Met 
34 O 345 35. O 

Met Arg Asp Ala Lys Ile Thr Glu Ile Tyr Glu Gly Thr Ser Glu Val 
355 360 365 

Gln Lys Lieu Val Ile Ser Gly Lys Ile Phe Arg 
37 O 375 

<210s, SEQ ID NO 34 
&211s LENGTH: 858 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 34 

Met Llys Val Thr Asn Gln Lys Glu Lieu Lys Glin Llys Lieu. Asn. Glu Lieu. 
1. 5 1O 15 

Arg Glu Ala Glin Llys Llys Phe Ala Thr Tyr Thr Glin Glu Glin Val Asp 
2O 25 3O 

Lys Ile Phe Lys Glin Cys Ala Ile Ala Ala Ala Lys Glu Arg Ile Asn 
35 4 O 45 

Lieu Ala Lys Lieu Ala Val Glu Glu Thr Gly Ile Gly Lieu Val Glu Asp 
SO 55 6 O 

Lys Ile Ile Lys Asn His Phe Ala Ala Glu Tyr Ile Tyr Asn Llys Tyr 
65 70 7s 8O 

Lys Asn. Glu Lys Thr Cys Gly Ile Ile Asp His Asp Asp Ser Lieu. Gly 
85 90 95 

Ile Thr Llys Val Ala Glu Pro Ile Gly Ile Val Ala Ala Ile Val Pro 
1OO 105 11 O 

Thir Thr Asn Pro Thr Ser Thr Ala Ile Phe Llys Ser Lieu. Ile Ser Lieu. 
115 12 O 125 

Llys Thr Arg Asn Ala Ile Phe Phe Ser Pro His Pro Arg Ala Lys Llys 
13 O 135 14 O 

Ser Thir Ile Ala Ala Ala Lys Lieu. Ile Lieu. Asp Ala Ala Wall Lys Ala 
145 150 155 160 

Gly Ala Pro Lys Asn. Ile Ile Gly Trp Ile Asp Glu Pro Ser Ile Glu 
1.65 17O 17s 
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Lieu. Ser Glin Asp Lieu Met Ser Glu Ala Asp Ile Ile Lieu Ala Thr Gly 
18O 185 19 O 

Gly Pro Ser Met Val Lys Ala Ala Tyr Ser Ser Gly Llys Pro Ala Ile 
195 2OO 2O5 

Gly Val Gly Ala Gly Asn Thr Pro Ala Ile Ile Asp Glu Ser Ala Asp 
21 O 215 22O 

Ile Asp Met Ala Val Ser Ser Ile Ile Lieu. Ser Llys Thr Tyr Asp Asn 
225 23 O 235 24 O 

Gly Val Ile Cys Ala Ser Glu Glin Ser Ile Leu Val Met Asn Ser Ile 
245 250 255 

Tyr Glu Lys Wall Lys Glu Glu Phe Val Lys Arg Gly Ser Tyr Ile Lieu. 
26 O 265 27 O 

Asn Glin Asn. Glu Ile Ala Lys Ile Lys Glu Thir Met Phe Lys Asn Gly 
27s 28O 285 

Ala Ile Asn Ala Asp Ile Val Gly Lys Ser Ala Tyr Ile Ile Ala Lys 
29 O 295 3 OO 

Met Ala Gly Ile Glu Val Pro Gln Thr Thr Lys Ile Lieu. Ile Gly Glu 
3. OS 310 315 32O 

Val Glin Ser Val Glu Lys Ser Glu Lieu. Phe Ser His Glu Lys Lieu. Ser 
3.25 330 335 

Pro Val Lieu Ala Met Tyr Llys Wall Lys Asp Phe Asp Glu Ala Lieu Lys 
34 O 345 35. O 

Lys Ala Glin Arg Lieu. Ile Glu Lieu. Gly Gly Ser Gly His Thir Ser Ser 
355 360 365 

Lieu. Tyr Ile Asp Ser Glin Asn. Asn Lys Asp Llys Val Lys Glu Phe Gly 
37 O 375 38O 

Lieu Ala Met Lys Thr Ser Arg Thr Phe Ile Asn Met Pro Ser Ser Glin 
385 390 395 4 OO 

Gly Ala Ser Gly Asp Leu Tyr Asn Phe Ala Ile Ala Pro Ser Phe Thr 
4 OS 41O 415 

Lieu. Gly Cys Gly. Thir Trp Gly Gly Asn Ser Val Ser Glin Asn Val Glu 
42O 425 43 O 

Pro Llys His Lieu. Lieu. Asn. Ile Llys Ser Val Ala Glu Arg Arg Glu Asn 
435 44 O 445 

Met Leu Trp Phe Llys Val Pro Gln Lys Ile Tyr Phe Lys Tyr Gly Cys 
450 45.5 460 

Lieu. Arg Phe Ala Lieu Lys Glu Lieu Lys Asp Met Asn Llys Lys Arg Ala 
465 470 47s 48O 

Phe Ile Val Thir Asp Lys Asp Lieu. Phe Llys Lieu. Gly Tyr Val Asn Lys 
485 490 495 

Ile Thr Llys Val Lieu. Asp Glu Ile Asp Ile Llys Tyr Ser Ile Phe Thr 
SOO 505 51O 

Asp Ile Llys Ser Asp Pro Thir Ile Asp Ser Val Llys Lys Gly Ala Lys 
515 52O 525 

Glu Met Lieu. Asn Phe Glu Pro Asp Thir Ile Ile Ser Ile Gly Gly Gly 
53 O 535 54 O 

Ser Pro Met Asp Ala Ala Lys Val Met His Leu Lleu Tyr Glu Tyr Pro 
5.45 550 555 560 

Glu Ala Glu Ile Glu Asn Lieu Ala Ile Asin Phe Met Asp Ile Arg Llys 
565 st O sts 

Arg Ile Cys Asn. Phe Pro Llys Lieu. Gly. Thir Lys Ala Ile Ser Val Ala 
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Ile 

Ile 

Lell 
625 

Pro 

Ile 

Ala 

Ser 
7 Os 

His 

Ile 

Asp 

Ala 

Thir 

Lell 

Asn 

Phe 

Glu 

< 4 OOs 

Pro 

Thir 
610 

Thir 

Arg 

Glu 

Luell 

Asn 
69 O. 

Asn 

Ser 

Ala 

Lys 
770 

Ser 

Asp 

Luell 
850 

Thir 
595 

Asn 

Pro 

Ala 

Arg 
675 

Gly 

Ile 

Met 

Pro 
7ss 

Arg 

Asp 

Ile 

Asp 
835 

Thir 

Asp 

Asn 

Luell 

Tyr 
660 

Ala 

Thir 

Ala 

Ala 

Ala 
740 

Thir 

Thir 

Asp 

Asp 

Glin 

Asp 

PRT 

SEQUENCE: 

Met Llys Val Thr 
1. 

Lys 

Glu 

Lell 

Lys 
65 

Glu 

Ile 

Ala 
SO 

Wall 

Ala 

Phe 
35 

Ile 

Glin 
2O 

Arg 

Ala 

Ala 

Glu 

Met 

Thir 
645 

Wall 

Ile 

Asn 

Gly 

His 
72 

Wall 

Glu 

Lell 
805 

Phe 

Cys 

Ile 

SEO ID NO 35 
LENGTH: 
TYPE : 
ORGANISM: 

862 

Gly 

Thir 

Ala 
630 

Ala 

Ser 

Asp 

Met 
71O 

Lell 

Glin 

Ala 

Lys 
79 O 

Ser 

Thir 

Thir 

Gly 
615 

Ile 

Ala 

Wall 

Met 

Ile 
695 

Ala 

Lell 

Ile 

Thir 

Glu 
775 

Wall 

Ile 

Asn 

Thir 

Ile 
855 

Clostridium 

35 

Thir 
5 

Lys 

Asn 

Ala 

Asn 

Wall 

Ala 

Wall 

His 
70 

Phe 

Ala 

Lell 
55 

Phe 

Gly 

Met 

Ile 

Thir 

Met 

Ile 

Glu 

Phe 

Gly 

Glu 

Ala 
760 

Ile 

Thir 

Pro 

Thir 

Ala 
84 O 

585 

Ser 

Asp 

Gly 

Ala 
665 

Phe 

Ala 

Ala 

Ala 

Glu 
74. 

Phe 

Ala 

Ala 

Glin 

Luell 
825 

Asn 

Ser 

Glu 

Thir 

Ile 
650 

Thir 

Arg 

Asn 

Met 
73 O 

Wall 

Pro 

Glu 

Luell 

Asn 
810 

Asp 

Pro 

Phe 

Ala 

Pro 

Glu 
635 

Asp 

Asp 

Glu 

Ala 

His 

Ile 

Glin 

Ile 
79. 

Ile 

Arg 

acetobutyllicum 

Glu 

Ser 

Met 
4 O 

Glu 

Ala 

Luell 

Cys 
25 

Ala 

Thir 

Gly 

Asp 

Tyr 

Ala 

Gly 

Glu 

Glu 

Ser 

Ile 

Met 

39 

- Continued 

Thir 

Lell 
62O 

Lell 

Ala 

Lell 

Lys 
7 OO 

Phe 

His 

Lell 
78O 

Glu 

Ser 

Met 

Glin 

Asp 

Gly 
6 O 

Ile 

Pro 
605 

Thir 

Met 

Lell 

Thir 

Pro 
685 

Met 

Lell 

Wall 

Lys 
765 

Asn 

Ala 

Ala 

Ser 

Pro 
845 

Lell 

Glu 

Ala 
45 

Lell 

59 O 

Phe 

Ser 

Luell 

Wall 

Asp 
67 O 

Arg 

Ala 

Gly 

Pro 

Asn 
7 O 

Ser 

Luell 

Ile 

Ala 

Glu 
83 O 

Luell 

Met 
3O 

Arg 

Wall 

Asn 

Ala Wall 

Tyr Glu 

As yet 
64 O 

His Ala 
655 

Glu Lieu. 

Ala Tyr 

His Ala 

Val Cys 

His Gly 
73 

Ala Thr 

Pro Asn 

Ser Lys 
8OO 

Gly Ile 
815 

Lieu Ala 

Ile Ser 

Wall Ile 
15 

Val Asp 

Ile Glu 

Glu Asp 
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Ile 

Wall 

Ser 
145 

Gly 

Lell 

Gly 

Gly 

Ile 
225 

Gly 

Ser 

Met 
3. OS 

Wall 

Pro 

Ile 

Ser 
385 

Gly 

Lell 

Pro 

Met 

Lell 
465 

Phe 

Asp 

Thir 

Thir 

Thir 
13 O 

Thir 

Ala 

Thir 

Pro 

Wall 
21 O 

Wall 

Asn 

Wall 
29 O 

Ala 

Thir 

Wall 

Ala 

Tyr 
37 O 

Ala 

Ala 

Gly 

Luell 
450 

Glin 

Ile 

Glu 

Asn 
115 

Arg 

Ile 

Pro 

Glin 

Ser 
195 

Gly 

Met 

Ile 

Asn 
27s 

Asn 

Gly 

Ser 

Luell 

Wall 
355 

Ala 

Met 

Ser 

His 
435 

Trp 

Phe 

Wall 

Lys 

Ile 

Pro 

Asn 

Luell 

Glu 

Tyr 
18O 

Luell 

Pro 

Ala 

Wall 
26 O 

Glu 

Pro 

Ile 

Luell 

Ala 
34 O 

Thir 

Asp 

Gly 

Gly 

Luell 

Phe 

Ala 

Thir 

Thir 
85 

Ala 

Thir 

Gly 

Ala 

Asn 
1.65 

Lell 

Wall 

Gly 

Wall 

Ala 
245 

Lys 

Lell 

Lys 

Lys 

Gly 
3.25 

Met 

Lell 

Glu 

Thir 

Asp 
4 OS 

Phe 

Lell 

Lell 

Asp 

Glu 

Ser 

Ile 

Ala 
150 

Ile 

Met 

Asn 

Ser 
23 O 

Ser 

Asp 

Asp 

Ile 

Wall 
310 

Glu 

Ile 

Ile 

Wall 
390 

Lell 

Trp 

Asn 

Wall 

Lys 
470 

Ser 

Gly 

Pro 

Thir 

Phe 
135 

Ile 

Glin 

Ser 

Thir 
215 

Ser 

Glu 

Glu 

Wall 
295 

Pro 

Glu 

Glu 

Asn 

Lys 
375 

Arg 

Gly 

Ile 

Pro 
45.5 

Asp 

Asp 

Ile 

Ile 

Thir 
12 O 

Phe 

Thir 

Gly 

Ala 

Pro 

Ile 

Glin 

Phe 

Wall 

Gly 

Glu 

Ala 

Luell 
360 

Ala 

Thir 

Asn 

Gly 

Lys 
44 O 

His 

Luell 

Pro 

Ile 

Gly 
105 

Ile 

Ser 

Ile 

Trp 

Ala 
185 

Wall 

Ile 

Ser 

Glin 
265 

Arg 

Glin 

Thir 

Pro 

Asp 
345 

Gly 

Arg 

Phe 

Phe 

Asn 
425 

Thir 

Glu 
90 

Wall 

Phe 

Pro 

Luell 

Ile 
17O 

Asp 

Ser 

Ile 

Luell 

Wall 
250 

Glu 

Glu 

Ser 

Thir 

Phe 
330 

Asn 

Gly 

Asp 

Wall 

Arg 

Ser 

Wall 

Wall 

Asp 

Asn 

Arg 

Wall 

His 

Asp 
155 

Asp 

Ile 

Ser 

Ile 

Ser 
235 

Ile 

Arg 

Wall 

Ala 

Arg 
315 

Ala 

Phe 

Luell 

ASn 
395 

Ile 

Wall 

Ala 

Luell 
47s 

Luell 

40 

- Continued 

Asn 

Ala 

Ser 

Pro 
14 O 

Ala 

Glu 

Thir 

Gly 

Asp 
22O 

Wall 

Gly 

Ile 

Tyr 
3 OO 

Ile 

His 

Asp 

Gly 

Ile 

Ile 

Pro 

Ser 

Glu 

Phe 
460 

Asn 

Glu 

Ala 

Lell 
125 

Arg 

Ala 

Pro 

Lell 

Lys 

Glu 

Thir 

Lell 

Ala 

Phe 
285 

Thir 

Lell 

Glu 

Asp 

His 
365 

Asp 

Pro 

Pro 

Glu 

Arg 
445 

Pro 

Ile 
11 O 

Ile 

Ala 

Wall 

Ser 

Ala 
19 O 

Pro 

Ser 

Tyr 
27 O 

Ile 

Ile 

Ala 
35. O 

Thir 

Arg 

Thir 

Ser 

Asn 
43 O 

Arg 

Phe 

Wall 

Tyr 
95 

Ile 

Ser 

Ile 
17s 

Thir 

Ala 

Ala 

Asp 

Ser 
255 

Ile 

Asp 

Ala 

Gly 

Luell 
335 

Luell 

Ser 

Phe 

Ser 

Phe 
415 

Wall 

Glu 

Gly 

Arg 

Asp 

Gly 

Pro 

Luell 

Ser 
160 

Glu 

Gly 

Ile 

His 

Asn 
24 O 

Ile 

Ile 

Gly 

Ala 

Glu 

Ser 

Gly 

Ser 

Glin 
4 OO 

Thir 

Gly 

Asn 

Ala 
48O 

Ser 
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Ile 

Glu 

Pro 
5.45 

Glu 

Arg 

Ile 

Wall 

Met 
625 

Pro 

Ile 

Ala 

Ser 
7 Os 

His 

Ile 

Asp 

Thir 

Asn 

Lell 

Lell 

Lell 

Glu 

Ile 

Wall 

Met 
53 O 

Glu 

Wall 

Ile 

Thir 

Thir 
610 

Thir 

Glu 

Luell 

Asn 
69 O. 

Thir 

Ser 

Ala 

Asn 

Ile 
770 

Thir 

Glu 

Asp 

Ile 
850 

Gly 
515 

Ser 

Met 

Thir 
595 

Asp 

Pro 

Gly 

Ala 

Glu 
675 

Gly 

Met 

Met 

Asn 

Pro 

Phe 

Asp 

Glu 

Asp 
835 

Ile 
SOO 

Arg 

Ser 

Ser 

Phe 

Thir 

Ser 

Asn 

Asn 

Luell 

Tyr 
660 

Ala 

Arg 

Ala 

Ala 

Ala 
740 

Wall 

Arg 

Glu 

Ala 

Asn 

Glin 

Glu 

485 

Lell 

Glu 

Phe 

Ser 

Glu 
565 

Phe 

Ala 

Asn 

Met 

Thir 
645 

Thir 

Ile 

Thir 

Gly 

Ile 
72 

Lell 

Lys 

Tyr 

Glu 

Lell 
805 

Phe 

Met 

<210s, SEQ ID NO 36 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Clostridium 
PRT 

389 

Glu 

Ala 

Met 

Ala 
550 

Asp 

Pro 

Gly 

Thir 

Ala 
630 

Ala 

Ser 

Arg 

Asn 

Met 

Lell 

Glin 

Ala 

Lys 
79 O 

Asn 

Thir 

His 

Asp 

Pro 
535 

Lell 

Ser 

Gly 
615 

Ile 

Wall 

Lell 

Glu 
695 

Ala 

Lell 

Ile 

Ala 

Arg 
775 

Wall 

Ile 

Ser 

Gly 

Ile 
855 

Luell 

Luell 

Asp 

Luell 

Ala 

Luell 

Gly 

Asn 

Wall 

Ser 

Ile 

Ser 

Ser 

Glu 

Pro 
760 

Ile 

Asp 

Pro 

Ser 

Ala 
84 O 

Asn 

Asp 
505 

Thir 

Met 

Ile 

Gly 
585 

Ser 

Asp 

Gly 

Ala 
665 

Phe 

Ala 

Ala 

Ser 

Glu 
74. 

Ala 

Luell 

Thir 

Luell 
825 

Asn 

490 

Ile 

Thir 

Ile 

Trp 

Lys 
st O 

Lys 

Glu 

Ala 

Ile 
650 

Ser 

Arg 

Asn 

Glu 
73 O 

Wall 

Pro 

Asp 

Luell 

Ser 
810 

Asp 

Pro 

Phe 

Asp 

Ile 

Ile 

Wall 
555 

Phe 

Wall 

Met 

Glu 
635 

Asp 

Glu 

Glu 

Ala 

His 

Ile 

Glin 

Ile 
79. 

Ile 

Arg 

Arg 

acetobutyllicum 

41 

- Continued 

Phe 

Ala 
54 O 

Lell 

Met 

Ala 

Thir 

Lell 

Lell 

Ala 

Tyr 

Lell 

Lys 
7 OO 

Phe 

Asn 

Tyr 

Ile 
78O 

Asn 

Ile 

Phe 

Lys 
860 

Lys 
525 

Lell 

Tyr 

Asp 

Met 

Pro 
605 

Ala 

Met 

Lell 

Thir 

Pro 
685 

Met 

Lell 

Ile 

Phe 

Lys 
765 

Asp 

Ser 

Pro 
845 

Glin 

Wall 

Ala 

Gly 

Glu 

Ile 

Luell 
59 O 

Phe 

Asp 

Met 

Wall 

Asn 
67 O 

Glu 

Ala 

Gly 

Pro 

Asn 
7 O 

Luell 

Ile 

Ala 

Glu 
83 O 

Luell 

Pro 

495 

Phe 

Thir 

Gly 

His 

Arg 
sts 

Wall 

Ala 

Asn 
655 

Gly 

Ala 

His 

Luell 

Ser 
73 

Ala 

Pro 

Gly 

His 

Gly 
815 

Luell 

Thir 

Asn 

Glu 

Thir 

Pro 
560 

Ala 

Luell 

Glu 

Met 
64 O 

Ser 

Luell 

Ala 

Cys 

Gly 

Wall 

Asn 

Gly 

Glu 

Wall 

Ala 

Ser 
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<4 OOs, SEQUENCE: 36 

Met Leu Ser Phe Asp Tyr Ser Ile Pro Thr Llys Val Phe Phe Gly Lys 
1. 5 1O 15 

Gly Lys Ile Asp Val Ile Gly Glu Glu Ile Llys Llys Tyr Gly Ser Arg 
2O 25 3O 

Val Lieu. Ile Val Tyr Gly Gly Gly Ser Ile Lys Arg Asn Gly Ile Tyr 
35 4 O 45 

Asp Arg Ala Thr Ala Ile Lieu Lys Glu Asn. Asn. Ile Ala Phe Tyr Glu 
SO 55 6 O 

Lieu. Ser Gly Val Glu Pro Asn Pro Arg Ile Thr Thr Val Lys Lys Gly 
65 70 7s 8O 

Ile Glu Ile Cys Arg Glu Asn. Asn Val Asp Lieu Val Lieu Ala Ile Gly 
85 90 95 

Gly Gly Ser Ala Ile Asp Cys Ser Llys Val Ile Ala Ala Gly Val Tyr 
1OO 105 11 O 

Tyr Asp Gly Asp Thir Trp Asp Met Val Lys Asp Pro Ser Lys Ile Thr 
115 12 O 125 

Llys Val Lieu Pro Ile Ala Ser Ile Lieu. Thir Lieu. Ser Ala Thr Gly Ser 
13 O 135 14 O 

Glu Met Asp Glin Ile Ala Val Ile Ser Asn Met Glu Thir Asn. Glu Lys 
145 150 155 160 

Lieu. Gly Val Gly His Asp Asp Met Arg Pro Llys Phe Ser Val Lieu. Asp 
1.65 17O 17s 

Pro Thr Tyr Thr Phe Thr Val Pro Lys Asn Gln Thr Ala Ala Gly Thr 
18O 185 19 O 

Ala Asp Ile Met Ser His Thr Phe Glu Ser Tyr Phe Ser Gly Val Glu 
195 2OO 2O5 

Gly Ala Tyr Val Glin Asp Gly Ile Ala Glu Ala Ile Lieu. Arg Thr Cys 
21 O 215 22O 

Ile Llys Tyr Gly Lys Ile Ala Met Glu Lys Thr Asp Asp Tyr Glu Ala 
225 23 O 235 24 O 

Arg Ala Asn Lieu Met Trp Ala Ser Ser Lieu Ala Ile Asin Gly Lieu. Lieu 
245 250 255 

Ser Lieu. Gly Lys Asp Arg Llys Trp Ser Cys His Pro Met Glu. His Glu 
26 O 265 27 O 

Lieu. Ser Ala Tyr Tyr Asp Ile Thr His Gly Val Gly Lieu Ala Ile Lieu. 
27s 28O 285 

Thr Pro Asn Trp Met Glu Tyr Ile Lieu. Asn Asp Asp Thir Lieu. His Lys 
29 O 295 3 OO 

Phe Val Ser Tyr Gly Ile Asn Val Trp Gly Ile Asp Lys Asn Lys Asp 
3. OS 310 315 32O 

Asn Tyr Glu Ile Ala Arg Glu Ala Ile Lys Asn. Thir Arg Glu Tyr Phe 
3.25 330 335 

Asn Ser Lieu. Gly Ile Pro Ser Lys Lieu. Arg Glu Val Gly Ile Gly Lys 
34 O 345 35. O 

Asp Llys Lieu. Glu Lieu Met Ala Lys Glin Ala Val Arg Asn. Ser Gly Gly 
355 360 365 

Thir Ile Gly Ser Lieu. Arg Pro Ile Asn Ala Glu Asp Val Lieu. Glu Ile 
37 O 375 38O 

Phe Llys Llys Ser Tyr 
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385 

<210s, SEQ ID NO 37 
&211s LENGTH: 390 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OO > SEQUENCE: 37 

Met Val Asp Phe Glu Tyr Ser Ile Pro Thr Arg Ile Phe Phe Gly Lys 
1. 5 1O 15 

Asp Llys Ile Asin Val Lieu. Gly Arg Glu Lieu Lys Llys Tyr Gly Ser Lys 
2O 25 3O 

Val Lieu. Ile Val Tyr Gly Gly Gly Ser Ile Lys Arg Asn Gly Ile Tyr 
35 4 O 45 

Asp Lys Ala Val Ser Ile Lieu. Glu Lys Asn. Ser Ile Llys Phe Tyr Glu 
SO 55 6 O 

Lieu Ala Gly Val Glu Pro Asn Pro Arg Val Thr Thr Val Glu Lys Gly 
65 70 7s 8O 

Val Lys Ile Cys Arg Glu Asn Gly Val Glu Val Val Lieu Ala Ile Gly 
85 90 95 

Gly Gly Ser Ala Ile Asp Cys Ala Lys Val Ile Ala Ala Ala Cys Glu 
1OO 105 11 O 

Tyr Asp Gly Asn. Pro Trp Asp Ile Val Lieu. Asp Gly Ser Lys Ile Llys 
115 12 O 125 

Arg Val Lieu Pro Ile Ala Ser Ile Lieu. Thir Ile Ala Ala Thr Gly Ser 
13 O 135 14 O 

Glu Met Asp Thir Trp Ala Val Ile Asn. Asn Met Asp Thr Asn. Glu Lys 
145 150 155 160 

Lieu. Ile Ala Ala His Pro Asp Met Ala Pro Llys Phe Ser Ile Lieu. Asp 
1.65 17O 17s 

Pro Thr Tyr Thr Tyr Thr Val Pro Thr Asn Gln Thr Ala Ala Gly Thr 
18O 185 19 O 

Ala Asp Ile Met Ser His Ile Phe Glu Val Tyr Phe Ser Asn Thr Lys 
195 2OO 2O5 

Thir Ala Tyr Lieu. Glin Asp Arg Met Ala Glu Ala Lieu. Lieu. Arg Thr Cys 
21 O 215 22O 

Ile Llys Tyr Gly Gly Ile Ala Lieu. Glu Lys Pro Asp Asp Tyr Glu Ala 
225 23 O 235 24 O 

Arg Ala Asn Lieu Met Trp Ala Ser Ser Lieu Ala Ile Asin Gly Lieu. Lieu 
245 250 255 

Thr Tyr Gly Lys Asp Thr Asn Trp Ser Val His Leu Met Glu. His Glu 
26 O 265 27 O 

Lieu. Ser Ala Tyr Tyr Asp Ile Thr His Gly Val Gly Lieu Ala Ile Lieu. 
27s 28O 285 

Thr Pro Asn Trp Met Glu Tyr Ile Lieu. Asn Asn Asp Thr Val Tyr Lys 
29 O 295 3 OO 

Phe Val Glu Tyr Gly Val Asn Val Trp Gly Ile Asp Llys Glu Lys Asn 
3. OS 310 315 32O 

His Tyr Asp Ile Ala His Glin Ala Ile Glin Llys Thr Arg Asp Tyr Phe 
3.25 330 335 

Val Asn Val Lieu. Gly Lieu Pro Ser Arg Lieu. Arg Asp Val Gly Ile Glu 
34 O 345 35. O 
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Glu Glu Lys Lieu. Asp Ile Met Ala Lys Glu Ser Val Llys Lieu. Thr Gly 
355 360 365 

Gly. Thir Ile Gly Asn Lieu. Arg Pro Val Asn Ala Ser Glu Val Lieu. Glin 
37 O 375 38O 

Ile Phe Llys Llys Ser Val 
385 390 

<210s, SEQ ID NO 38 
&211s LENGTH: 336 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 38 

Met Asn Lys Ala Asp Tyr Lys Gly Val Trp Val Phe Ala Glu Glin Arg 
1. 5 1O 15 

Asp Gly Glu Lieu Gln Llys Val Ser Lieu. Glu Lieu. Lieu. Gly Lys Gly Lys 
2O 25 3O 

Glu Met Ala Glu Lys Lieu. Gly Val Glu Lieu. Thir Ala Val Lieu. Lieu. Gly 
35 4 O 45 

His Asn Thr Glu Lys Met Ser Lys Asp Lieu. Lieu. Ser His Gly Ala Asp 
SO 55 6 O 

Llys Val Lieu Ala Ala Asp Asn. Glu Lieu. Lieu Ala His Phe Ser Thr Asp 
65 70 7s 8O 

Gly Tyr Ala Lys Val Ile Cys Asp Lieu Val ASn Glu Arg Llys Pro Glu. 
85 90 95 

Ile Lieu. Phe Ile Gly Ala Thr Phe Ile Gly Arg Asp Lieu. Gly Pro Arg 
1OO 105 11 O 

Ile Ala Ala Arg Lieu. Ser Thr Gly Lieu. Thir Ala Asp Cys Thir Ser Lieu. 
115 12 O 125 

Asp Ile Asp Val Glu Asn Arg Asp Lieu. Lieu Ala Thr Arg Pro Ala Phe 
13 O 135 14 O 

Gly Gly Asn Lieu. Ile Ala Thir Ile Val Cys Ser Asp His Arg Pro Glin 
145 150 155 160 

Met Ala Thr Val Arg Pro Gly Val Phe Glu Lys Lieu Pro Wall Asn Asp 
1.65 17O 17s 

Ala Asn Val Ser Asp Asp Llys Ile Glu Lys Val Ala Ile Llys Lieu. Thr 
18O 185 19 O 

Ala Ser Asp Ile Arg Thr Llys Val Ser Llys Val Val Llys Lieu Ala Lys 
195 2OO 2O5 

Asp Ile Ala Asp Ile Gly Glu Ala Lys Val Lieu Val Ala Gly Gly Arg 
21 O 215 22O 

Gly Val Gly Ser Lys Glu Asn. Phe Glu Lys Lieu. Glu Glu Lieu Ala Ser 
225 23 O 235 24 O 

Lieu. Lieu. Gly Gly. Thir Ile Ala Ala Ser Arg Ala Ala Ile Glu Lys Glu 
245 250 255 

Trp Val Asp Lys Asp Lieu. Glin Val Gly Glin Thr Gly Llys Thr Val Arg 
26 O 265 27 O 

Pro Thr Lieu. Tyr Ile Ala Cys Gly Ile Ser Gly Ala Ile Glin His Leu 
27s 28O 285 

Ala Gly Met Glin Asp Ser Asp Tyr Ile Ile Ala Ile Asn Lys Asp Wall 
29 O 295 3 OO 

Glu Ala Pro Ile Met Llys Val Ala Asp Lieu Ala Ile Val Gly Asp Wall 
3. OS 310 315 32O 
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Asn Llys Val Val Pro Glu Lieu. Ile Ala Glin Val Lys Ala Ala Asn. Asn 
3.25 330 335 

<210s, SEQ ID NO 39 
&211s LENGTH: 259 
212. TYPE: PRT 

<213> ORGANISM: Clostridium acetobutyllicum 

<4 OOs, SEQUENCE: 39 

Met Asn. Ile Val Val Cys Lieu Lys Glin Val Pro Asp Thr Ala Glu Val 
1. 5 1O 15 

Arg Ile Asp Pro Val Lys Gly. Thir Lieu. Ile Arg Glu Gly Val Pro Ser 
2O 25 3O 

Ile Ile Asn Pro Asp Asp Lys Asn Ala Lieu. Glu Glu Ala Lieu Val Lieu. 
35 4 O 45 

Lys Asp Asn Tyr Gly Ala His Val Thr Val Ile Ser Met Gly Pro Pro 
SO 55 6 O 

Glin Ala Lys Asn Ala Lieu Val Glu Ala Lieu Ala Met Gly Ala Asp Glu 
65 70 7s 8O 

Ala Val Lieu. Lieu. Thir Asp Arg Ala Phe Gly Gly Ala Asp Thir Lieu Ala 
85 90 95 

Thir Ser His Thir Ile Ala Ala Gly Ile Llys Llys Lieu Lys Tyr Asp Ile 
1OO 105 11 O 

Val Phe Ala Gly Arg Glin Ala Ile Asp Gly Asp Thr Ala Glin Val Gly 
115 12 O 125 

Pro Glu Ile Ala Glu. His Leu Gly Ile Pro Glin Val Thr Tyr Val Glu 
13 O 135 14 O 

Llys Val Glu Val Asp Gly Asp Thir Lieu Lys Ile Arg Lys Ala Trp Glu 
145 150 155 160 

Asp Gly Tyr Glu Val Val Glu Val Lys Thr Pro Val Lieu. Lieu. Thir Ala 
1.65 17O 17s 

Ile Lys Glu Lieu. Asn Val Pro Arg Tyr Met Ser Val Glu Lys Ile Phe 
18O 185 19 O 

Gly Ala Phe Asp Llys Glu Wall Lys Met Trp Thr Ala Asp Asp Ile Asp 
195 2OO 2O5 

Val Asp Lys Ala Asn Lieu. Gly Lieu Lys Gly Ser Pro Thr Llys Val Lys 
21 O 215 22O 

Llys Ser Ser Thir Lys Glu Val Lys Gly Glin Gly Glu Val Ile Asp Llys 
225 23 O 235 24 O 

Pro Val Lys Glu Ala Ala Ala Tyr Val Val Ser Llys Lieu Lys Glu Glu 
245 250 255 

His Tyr Ile 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 5976 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: plasmid YEplac112PtdhTadh 

<4 OOs, SEQUENCE: 4 O 

gcc.cggggga t cc act agtt Ctagaatc.cg tcgaalactaa gttctggtgt tittaaaact a 6 O 

aaaaaaagac taactataaa agtagaattit aagaagttta agaaatagat ttacagaatt 12 O 
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gaacaagttg gaattaaagt to cagaagat td taat atta tttgtgcagt ttgtaaagaa O2O 

gttggaccaa atgaac catt aacaa.gagaa aaattat cac cagttcttgc tatt cittaaa O8O 

gCagaaaata cacaagatgg tattgataaa gCtgaagcta tigttgaatt taatggtaga 14 O 

ggacattcag cagctatt catt.cgaatgat aaag.cagtag titgaaaagta togcacttaca 2OO 

atgaaag.cat gcagaattitt acataataca ccatcat cac aaggaggaat toggat caatt 26 O 

tataactata tittggc catc atttacactt ggatgtggat catatggagg aaatt cqgta 32O 

t cagctaatgttacatatica taatttatta aat attaaaa gacttgcaga tagaagaaac 38O 

aacctt caat gigttcagagt to caccaaag attitt ctittg aaccacatt c tattagatat 44 O 

cittgctgaac ttaaggaact tagtaaaata t t cattgttt cagatagaat gatgtataaa SOO 

ttaggatatg tagatagagt tatggatgta ttgaaaagaa gaagtaatga agtagaaatt 560 

gaaattitt cattgatgtaga accagatcca totatt caaa ccgttcaaaa agg acttgct 62O 

gttatgaata catttggacc agataatatt attgctattg gaggaggat C agctatggat 68O 

gcagotaaga t tatgtggitt actittatgaa catccagaag ccgattt citt togcaatgaaa 74 O 

caaaaattica ttgat cittag aaaga gag catttaaatticc caacaatggg taagaaagct 8OO 

agattaattt g tatt coaac aac at cagga actggat cag aagttacacic atttgcagtt 86 O 

attt cagatc atgaaacagg taagaaatat coacttgctg attatt cact tacac catca 92 O 

gttgctattg ttgatccaat gtt tactato tcact tccaa agagagctat tdctgatact 98 O 

ggacttgatg tattggttca togcaacagaa goatatgttt cagittatggc taatgaatat 2O4. O 

actgatggac ttgctagaga agcagttaaa ttagt ctittgaaaatcttct taaat catat 21OO 

aatggagatt tagaa.gcaag agaaaagatg cacaatgctg. Caacaattgc agg tatggca 216 O 

tittgcatcag cattcc ttgg tatggaccat tccatggcac ataaagttgg agcagcatt c 222 O 

catct tccac atggtagatg togtag cagta ttattaccac atgtc.attag atataatgga 228O 

caaaaaccaa gaaagcttgc aatgtggcca aaatataatt totataaggc agaccaaaga 234 O 

tatatggaac ttgcacaaat ggttggactt aaatgtaata caccagctga aggagttgaa 24 OO 

gcatttgcta aag catgtga agaattaatgaaagccacag agact attac tatt Caag 246 O 

Caagcaaata ttgatgaagc agcatggatgagtaaagtac Cagaaatggc acttcttgca 252O 

tittgaagatc aatgttcacc agctaatcca agagt cc caa tigittaagga tatggaaaag 2580 

attct caaag ctgcat atta t ccaattgct tda 2613 

<210s, SEQ ID NO 49 
&211s LENGTH: 261 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: adh2 E. histolytica codon pair optimised 

<4 OOs, SEQUENCE: 49 

atgtcc actic aacaaaccat gaccgttgat gaacacatta accaattggit cagaaaggct 6 O 

caagttgctt tdaaggaata cittgaaacca gaatacactic aagaaaagat cqattacatt 12 O 

gtcaagaagg Cttctgttgc tigctictagac Caacactgtg Ctttggctgc tigctgctgtc. 18O 

gaagaaactg gtcgtggit at Ctttgaagac aaa.gctacca agaac attitt cqcttgttgaa 24 O 

cacgtcactic acgaaatgag acacgc.caag accottggta t catcaacgt tdatc catta 3OO 
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attittgaagg ctgct tacta cccaatcgct 261 O 

<210s, SEQ ID NO 50 
&211s LENGTH: 870 
212. TYPE: PRT 

<213> ORGANISM: Entamoeba histolyticia 

<4 OOs, SEQUENCE: 50 

Met Ser Thr Glin Gln Thr Met Thr Val Asp Glu. His Ile Asin Glin Leu 
1. 5 1O 15 

Val Arg Lys Ala Glin Val Ala Lieu Lys Glu Tyr Lieu Lys Pro Glu Tyr 
2O 25 3O 

Thr Glin Glu Lys Ile Asp Tyr Ile Val Lys Lys Ala Ser Val Ala Ala 
35 4 O 45 

Lieu. Asp Gln His Cys Ala Lieu Ala Ala Ala Ala Val Glu Glu Thr Gly 
SO 55 6 O 

Arg Gly Ile Phe Glu Asp Lys Ala Thir Lys Asn. Ile Phe Ala Cys Glu 
65 70 7s 8O 

His Val Thr His Glu Met Arg His Ala Lys Thr Val Gly Ile Ile Asn 
85 90 95 

Val Asp Pro Leu Tyr Gly Ile Thr Glu Ile Ala Glu Pro Val Gly Val 
1OO 105 11 O 

Val Cys Gly Val Thr Pro Val Thr Asn Pro Thir Ser Thr Ala Ile Phe 
115 12 O 125 

Lys Ser Lieu. Ile Ser Ile Llys Thr Arg Asin Pro Ile Val Phe Ser Phe 
13 O 135 14 O 

His Pro Ser Ala Lieu Lys Cys Ser Ile Met Ala Ala Lys Ile Val Arg 
145 150 155 160 

Asp Ala Ala Ile Ala Ala Gly Ala Pro Glu Asn. Cys Ile Glin Trp Ile 
1.65 17O 17s 

Glu Phe Gly Gly Ile Glu Ala Ser Asn Llys Lieu Met Asn His Pro Gly 
18O 185 19 O 

Val Ala Thir Ile Lieu Ala Thr Gly Gly Asn Ala Met Wall Lys Ala Ala 
195 2OO 2O5 

Tyr Ser Ser Gly Llys Pro Ala Lieu. Gly Val Gly Ala Gly Asn Val Pro 
21 O 215 22O 

Thir Tyr Ile Glu Lys Thr Cys Asn. Ile Lys Glin Ala Ala Asn Asp Wall 
225 23 O 235 24 O 

Val Met Ser Lys Ser Phe Asp Asn Gly Met Ile Cys Ala Ser Glu Gln 
245 250 255 

Ala Ala Ile Ile Asp Llys Glu Ile Tyr Asp Glin Val Val Glu Glu Met 
26 O 265 27 O 

Llys Thr Lieu. Gly Ala Tyr Phe Ile Asn. Glu Glu Glu Lys Ala Lys Lieu. 
27s 28O 285 

Glu Lys Phe Met Phe Gly Val Asn Ala Tyr Ser Ala Asp Wall Asn. Asn 
29 O 295 3 OO 

Ala Arg Lieu. Asn Pro Lys Cys Pro Gly Met Ser Pro Gln Trp Phe Ala 
3. OS 310 315 32O 

Glu Glin Val Gly Ile Llys Val Pro Glu Asp Cys Asn. Ile Ile Cys Ala 
3.25 330 335 

Val Cys Lys Glu Val Gly Pro Asn. Glu Pro Lieu. Thir Arg Glu Lys Lieu 
34 O 345 35. O 
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Ser Pro Val Lieu Ala Ile Lieu Lys Ala Glu Asn. Thr Glin Asp Gly Ile 
355 360 365 

Asp Lys Ala Glu Ala Met Val Glu Phe Asin Gly Arg Gly His Ser Ala 
37 O 375 38O 

Ala Ile His Ser Asn Asp Lys Ala Val Val Glu Lys Tyr Ala Lieu. Thr 
385 390 395 4 OO 

Met Lys Ala Cys Arg Ile Lieu. His Asn Thr Pro Ser Ser Glin Gly Gly 
4 OS 41O 415 

Ile Gly Ser Ile Tyr Asn Tyr Ile Trp Pro Ser Phe Thr Lieu. Gly Cys 
42O 425 43 O 

Gly Ser Tyr Gly Gly Asn Ser Val Ser Ala Asn Val Thr Tyr His Asn 
435 44 O 445 

Lieu. Lieu. Asn. Ile Lys Arg Lieu Ala Asp Arg Arg Asn. Asn Lieu. Glin Trp 
450 45.5 460 

Phe Arg Val Pro Pro Lys Ile Phe Phe Glu Pro His Ser Ile Arg Tyr 
465 470 47s 48O 

Lieu Ala Glu Lieu Lys Glu Lieu. Ser Lys Ile Phe Ile Val Ser Asp Arg 
485 490 495 

Met Met Tyr Lys Lieu. Gly Tyr Val Asp Arg Val Met Asp Wall Lieu Lys 
SOO 505 51O 

Arg Arg Ser Asn. Glu Val Glu Ile Glu Ile Phe Ile Asp Val Glu Pro 
515 52O 525 

Asp Pro Ser Ile Glin Thr Val Glin Lys Gly Leu Ala Val Met Asn Thr 
53 O 535 54 O 

Phe Gly Pro Asp Asn. Ile Ile Ala Ile Gly Gly Gly Ser Ala Met Asp 
5.45 550 555 560 

Ala Ala Lys Ile Met Trp Lieu. Lieu. Tyr Glu. His Pro Glu Ala Asp Phe 
565 st O sts 

Phe Ala Met Lys Glin Llys Phe Ile Asp Lieu. Arg Lys Arg Ala Phe Lys 
58O 585 59 O 

Phe Pro Thr Met Gly Lys Lys Ala Arg Lieu. Ile Cys Ile Pro Thir Thr 
595 6OO 605 

Ser Gly Thr Gly Ser Glu Val Thr Pro Phe Ala Val Ile Ser Asp His 
610 615 62O 

Glu Thr Gly Lys Llys Tyr Pro Leu Ala Asp Tyr Ser Lieu. Thr Pro Ser 
625 630 635 64 O 

Val Ala Ile Val Asp Pro Met Phe Thr Met Ser Leu Pro Lys Arg Ala 
645 650 655 

Ile Ala Asp Thr Gly Lieu. Asp Val Lieu Val His Ala Thr Glu Ala Tyr 
660 665 67 O 

Val Ser Val Met Ala Asn. Glu Tyr Thr Asp Gly Lieu Ala Arg Glu Ala 
675 68O 685 

Val Llys Lieu Val Phe Glu Asn Lieu. Lieu Lys Ser Tyr Asn Gly Asp Lieu 
69 O. 695 7 OO 

Glu Ala Arg Glu Lys Met His Asn Ala Ala Thir Ile Ala Gly Met Ala 
7 Os 71O 71s 72O 

Phe Ala Ser Ala Phe Leu Gly Met Asp His Ser Met Ala His Llys Val 
72 73 O 73 

Gly Ala Ala Phe His Lieu Pro His Gly Arg Cys Val Ala Val Lieu. Lieu. 
740 74. 7 O 

Pro His Val Ile Arg Tyr Asn Gly Glin Llys Pro Arg Llys Lieu Ala Met 
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Val Thr Asn Pro Thr Ser Thr Ile Ile Tyr Lys Ser Lieu. Ile Ala Leu 
13 O 135 14 O 

Lys Thr Arg Asn Cys Ile Ile Phe Ser Pro His Pro Gly Ala His Lys 
145 150 155 160 

Ala Ser Val Phe Val Val Llys Val Lieu. His Glin Ala Ala Val Lys Ala 
1.65 17O 17s 

Gly Ala Pro Glu Asn. Cys Ile Glin Ile Ile Phe Pro Llys Met Asp Lieu. 
18O 185 19 O 

Thir Thr Glu Lieu. Lieu. His His Gln Lys Thr Arg Phe Ile Trp Ala Thr 
195 2OO 2O5 

Gly Gly Pro Gly Lieu Val His Ala Ser Tyr Thr Ser Gly Llys Pro Ala 
21 O 215 22O 

Lieu. Gly Gly Gly Pro Gly Asn Ala Pro Ala Lieu. Ile Asp Glu Thir Cys 
225 23 O 235 24 O 

Asp Met Asn. Glu Ala Val Gly Ser Ile Val Val Ser Llys Thr Phe Asp 
245 250 255 

Cys Gly Met Ile Cys Ala Thr Glu Asn Ala Val Val Val Val Glu Ser 
26 O 265 27 O 

Val Tyr Glu Asn Phe Val Ala Thr Met Lys Lys Arg Gly Ala Tyr Phe 
27s 28O 285 

Met Thr Pro Glu Glu Thir Lys Lys Ala Ser Asn Lieu Lleu Phe Gly Glu 
29 O 295 3 OO 

Gly Met Arg Lieu. Asn Ala Lys Ala Val Gly Glin Thr Ala Lys Thr Lieu. 
3. OS 310 315 32O 

Ala Glu Met Ala Gly Phe Glu Val Pro Glu Asn Thr Val Val Lieu. Cys 
3.25 330 335 

Gly Glu Ala Ser Glu Val Llys Phe Glu Glu Pro Met Ala His Glu Lys 
34 O 345 35. O 

Lieu. Thir Thir Ile Lieu. Gly Ile Tyr Lys Ala Lys Asp Phe Asp Asp Gly 
355 360 365 

Val Arg Lieu. Cys Lys Glu Lieu Val Thir Phe Gly Gly Lys Gly. His Thr 
37 O 375 38O 

Ala Val Lieu. Tyr Thr Asn Glin Asn. Asn Lys Asp Arg Ile Glu Lys Tyr 
385 390 395 4 OO 

Gln Asn Glu Val Pro Ala Phe His Ile Leu Val Asp Met Pro Ser Ser 
4 OS 41O 415 

Lieu. Gly Cys Ile Gly Asp Met Tyr Asn. Phe Arg Lieu Ala Pro Ala Lieu. 
42O 425 43 O 

Thir Ile Thr Cys Gly Thr Met Gly Gly Gly Ser Ser Ser Asp Asn Ile 
435 44 O 445 

Gly Pro Llys His Lieu. Lieu. Asn. Ile Lys Arg Val Gly Met Arg Arg Glu 
450 45.5 460 

Asn Met Lieu. Trp Phe Lys Ile Pro Llys Ser Val Tyr Phe Lys Arg Ala 
465 470 47s 48O 

Ile Lieu. Ser Glu Ala Lieu. Ser Asp Lieu. Arg Asp Thr His Lys Arg Ala 
485 490 495 

Ile Ile Ile Thr Asp Arg Thr Met Thr Met Leu Gly Glin Thr Asp Llys 
SOO 505 51O 

Ile Ile Lys Ala Cys Glu Gly His Gly Met Val Cys Thr Val Tyr Asp 
515 52O 525 
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Llys Val Val Pro Asp Pro Thr Ile Llys Cys Ile Met Glu Gly Val Asn 
53 O 535 54 O 

Glu Met Asn Val Phe Llys Pro Asp Lieu Ala Ile Ala Lieu. Gly Gly Gly 
5.45 550 555 560 

Ser Ala Met Asp Ala Ala Lys Met Met Arg Lieu Phe Tyr Glu Tyr Pro 
565 st O sts 

Asp Glin Asp Lieu. Glin Asp Ile Ala Thr Arg Phe Val Asp Ile Arg Llys 
58O 585 59 O 

Arg Val Val Gly Cys Pro Llys Lieu. Gly Arg Lieu. Ile Llys Thr Lieu Val 
595 6OO 605 

Cys Ile Pro Thr Thr Ser Gly Thr Gly Ala Glu Val Thr Pro Phe Ala 
610 615 62O 

Val Val Thir Ser Glu Glu Gly Arg Llys Tyr Pro Leu Val Asp Tyr Glu 
625 630 635 64 O 

Lieu. Thr Pro Asp Met Ala Ile Val Asp Pro Glu Phe Ala Val Gly Met 
645 650 655 

Pro Lys Arg Lieu. Thir Ser Trp Thr Gly Ile Asp Ala Lieu. Thir His Ala 
660 665 67 O 

Ile Glu Ser Tyr Val Ser Ile Met Ala Thr Asp Phe Thr Arg Pro Tyr 
675 68O 685 

Ser Lieu. Arg Ala Val Gly Lieu. Ile Phe Glu Ser Lieu Ser Lieu Ala Tyr 
69 O. 695 7 OO 

Asn Asn Gly Lys Asp Ile Glu Ala Arg Glu Lys Met His Asn Ala Ser 
7 Os 71O 71s 72O 

Ala Ile Ala Gly Met Ala Phe Ala Asn Ala Phe Lieu. Gly Cys Cys His 
72 73 O 73 

Ser Val Ala His Gln Leu Gly Ser Val Tyr His Ile Pro His Gly Lieu. 
740 74. 7 O 

Ala Asn Ala Lieu Met Lieu. Ser His Ile Ile Llys Tyr Asn Ala Thr Asp 
7ss 760 765 

Ser Pro Val Lys Met Gly Thr Phe Pro Glin Tyr Lys Tyr Pro Glin Ala 
770 775 78O 

Met Arg His Tyr Ala Glu Ile Ala Glu Lieu. Lieu Lleu Pro Pro Thr Glin 
78s 79 O 79. 8OO 

Val Val Lys Met Thr Asp Val Asp Llys Val Glin Tyr Lieu. Ile Asp Arg 
805 810 815 

Val Glu Gln Lieu Lys Ala Asp Val Gly Ile Pro Llys Ser Ile Lys Glu 
82O 825 83 O 

Thr Gly Met Val Thr Glu Glu Asp Phe Phe Asn Llys Val Asp Glin Val 
835 84 O 845 

Ala Ile Met Ala Phe Asp Asp Glin Cys Thr Gly Ala Asn. Pro Arg Tyr 
850 855 860 

Pro Lieu Val Ser Glu Lieu Lys Glin Lieu Met Ile Asp Ala Trp Asn Gly 
865 87O 87s 88O 

Val Val Pro Llys Lieu. 
885 
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1. A method of identifying a heterologous polypeptide 
having enzymatic activity for converting pyruvate, acetalde 
hyde or acetate into acetyl-CoA in (the cytosol of) a yeast cell 
comprising: 

providing a mutated yeast cell, wherein said mutation com 
prises an inactivation of at least one gene of the (PDH) 
by-pass, selected from the genes encoding the enzymes 
pyruvate decarboxylase (PDC), acetaldehyde dehydro 
genase (ALD), and acetyl-CoA synthetase (ACS); 

transforming said mutated yeast cell with an expression 
vector comprising at least one heterologous nucleotide 
sequence operably linked to a promoter functional in 
yeast and said heterologous nucleotide sequence encod 
ing a candidate polypeptide having potential enzymatic 
activity for converting pyruvate, acetaldehyde oracetate 
into acetyl CoA: 

testing said recombinant mutated yeast cell for its ability to 
grow on minimal medium containing glucose as sole 
carbon Source, and 

identifying said candidate polypeptide as a heterologous 
polypeptide having enzymatic activity for converting 
pyruvate, acetaldehyde oracetate into acetyl CoA in (the 
cytosol of) said yeast cell when growth of said cell is 
observed. 

2. Method according to claim 1, wherein said yeast cell is 
a cell of Saccharomyces cerevisiae and wherein said heter 
ologous nucleotide sequence is codon pair optimized for 
expression in Saccharomyces cerevisiae. 

3. Method according to claim 2, wherein said mutation 
comprises an inactivation of the gene for acetyl-CoA syn 
thetase isoform 2 (acs2). 

4. Method according to claim 1, wherein said candidate 
polypeptide having enzymatic activity for converting acetal 
dehyde into acetyl-CoA is a (putative) acetylating acetalde 
hyde dehydrogenase (acdh). 

5. A vector for the expression of heterologous polypeptides 
in yeast, said vector comprising a heterologous nucleotide 
sequence operably linked to a promoter functional in yeast 
and said heterologous nucleotide sequence encoding a 
polypeptide having enzymatic activity for converting pyru 
Vate, acetaldehyde or acetate into acetyl-CoA in (the cytosol 
of) said yeast cell. 

6. Vector according to claim 5, wherein said polypeptide 
having enzymatic activity for converting pyruvate, acetalde 
hyde or acetate into acetyl-CoA. 

7. Vector according to claim 5, wherein said polypeptide 
has more than 50%, preferably more than 60%, 70%, 80%, 

Sep. 30, 2010 

90%, or 95% sequence identity with the amino acid sequence 
selected from SEQID NO: 19, 22, 25, 28 and 52. 

8. Vector according to claim 5 for expression in Saccharo 
myces cerevisiae, wherein said heterologous nucleotide 
sequence is codon pair optimized for expression in Saccha 
romyces cerevisiae. 

9. Expression vector according to claim 8, wherein said 
heterologous nucleotide sequence is selected from SEQ ID 
NO: 20, 23, 26, 29 and 51. 

10. A recombinant yeast cell comprising a vector of claim 
5. 

11. A recombinant yeast cell comprising a heterologous 
nucleotide sequence encoding a polypeptide having enzy 
matic activity for converting pyruvate, acetaldehyde or 
acetate into acetyl-CoA in (the cytosol of) said yeast cell. 

12. Yeast cell according to claim 10, further comprising an 
inactivation of at least one gene of the (PDH) by-pass, 
selected from the genes encoding the enzymes pyruvate 
decarboxylase (PDC), acetaldehyde dehydrogenase (ALD), 
and acetyl-CoA synthetase (ACS). 

13. Yeast cell according to claim 10, wherein the yeast cell 
comprises an inactivation of a gene encoding an acetyl-CoA 
synthase. 

14. Yeast cell according to claim 10, wherein said cell 
shows growth on minimal medium containing glucose as sole 
carbon Source. 

15. Yeast cell according to claim 10, further comprising an 
inactivation of a gene encoding an enzyme that catalyses the 
conversion of acetaldehyde into ethanol, preferably an alco 
holdehydrogenase. 

16. Yeast cell according to claim 10, further comprising one 
or more introduced genes encoding a recombinant pathway 
for the formation of 1-butanol from acetyl-CoA. 

17. Yeast cell according to claim 16, wherein said one or 
more introduced genes encode enzymes that produce 
acetoacetyl-CoA, 3-hydroxybutyryl-CoA, crotonyl-CoA, 
butyryl-CoA, butylaldehyde and/or 1-butanol. 

18. Yeast cell according to claim 10, wherein said yeast is 
Saccharomyces cerevisiae 

19. A method of producing a fermentation product, com 
prising the steps of fermenting a suitable carbon Substrate 
with a yeast cell according to claim 10 and recovering the 
fermentation product produced during said fermentation. 

20. Method according to claim 19, wherein the fermenta 
tion product is butanol. 
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