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Investigations of the last step in biotin biosynthesis,
the conversion of dethiobiotin to biotin

by Tillmann Ziegert

Biotin synthase (BioB) is an iron-sulphur cluster containing protein that participates
in the last step in the biosynthesis of biotin, the conversion of dethiobiotin (DTB) to
biotin. Thus far, catalytic activity in vitro has not been reported for biotin synthase.
To investigate the mechanism of biotin formation in more detail and to identify
potential bottlenecks, several strategies for purifying BioB were investigated, to yield
highly purified BioB. A radiochemical and a HPLC based method were developed to

assay in vitro biotin formation. The products of the isc gene cluster involved in iron-

sulphur cluster assembly, IscS, IscU, IscA, Hsc20, Hsc66 and Fdx, were expressed
and purified to homogeneity. No beneficial effects on in vitro biotin formation were
found, although it was shown that the optimal concentration of exogenous iron and
sulphide is essential for biotin synthase activity. Furthermore, potential inhibitors of
BioB activity were assessed. Sinefungin, S-adenosylhomocysteine and biotin were
each found to have a weak inhibitory effect on biotin formation, but complete
inhibition was only observed when 5’-deoxyadenosine (DOA) and methionine, the
products of the reductive cleavage of S-adenosylmethionine, were both added to the
standard assay. The concentration of these products in the in vitro assay is close to
the ICso, thus presenting a potential bottleneck. The complete inhibition of BioB
activity was reversed by the addition of the enzyme PFS, which was found to cleave
DOA into 5’-deoxyribose and adenine. However, even after the addition of PFS, no
catalytic activity was observed. The identification of this protein co-factor is a major
step forward in obtaining a catalytic system for biotin formation. Consequently,
various plasmids were constructed encoding genes, deemed essential or helpful for

biotin formation in vitro or in vivo.
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Chapter One: Introduction

1.1 The Discovery of Biotin

Biotin 1 was discovered as an essential nutrient at the beginning of the 20™ century. It
was first isolated as a constituent of “bios”, an unknown mixture of three compounds
required for optimal growth of yeast, which was present in egg yolk. Bios I was identified
as myo-inositol, Bios IIA as pantothenic acid. Bios IIB was isolated in crystalline form as
its methylester and named biotin (1,2). Rats fed on a diet of raw egg white as the sole
source of their amino acids, developed severe dermatitis, followed by hair loss a few
weeks later (3). These symptoms were eradicated by treatment with an unknown heat
stable factor, from yeast or liver, which was named vitamin H (from the German, skin =
die Haut) (4,5). Vitamin H and Biotin were later found to be the same molecule (6). The

correct chemical structure was elucidated several years later (7-9) and subsequently the

chemical synthesis was achieved by Folkers and co-workers (10,11).
O

Figure 1.1 The structure of biotin (numbering scheme)

1.2 Biochemical functions of biotin

Deficiency of biotin is rare, but biotin is an essential co-factor for carboxylase-catalysed
reactions that are involved in vital metabolic pathways such as gluconeogenesis, fatty
acid synthesis and amino acid catabolism (12). Biotin is covalently attached to the -
amino side chain of an active site lysine residue by the enzyme biotin protein ligase, also
known as BirA (13). Biotin is first activated by the formation of its acyl-adenylate, bound

to BirA, and then attached to e-Lysine (Scheme 1.1) (14).
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Scheme 1.1 BirA mechanism

Two biotin-dependent enzymes are depicted in Figure 1.2. These enzymes use acetyl
CoA 2 or pyruvate 3 and bicarbonate as substrates, but also requires adenosine
triphosphate (ATP), which is converted to adenosine monophosphate (AMP) and

pyrophophate (PP), and biotin as a co-factor.
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Figure 1.2 Biotin-dependent enzymes

ATP is used to activate bicarbonate by formation of an acyl phosphate intermediate,
known as carbamoyl phosphate 4. Labelling studies suggested N-carboxy-biotin 5 as

intermediate in the reaction (15) (Scheme 1.2).
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Scheme 1.2: Mechanism for biotin-dependent carboxylation [adapted from (15)].



Biotin as a co-factor is also involved in decarboxylase and transcarboxylase reactions.
The underlying mechanism with N-carboxy-biotin § as intermediate in the reaction is

similiar.

1.3 The biotin biosynthetic pathway

The biosynthetic pathways of biotin have been studied in detail in Escherichia coli
(16,17), Bacillus sphaericus (18), Bacillus subtilis (19), Saccharomyces cerevisia (20)
and higher plants (21). In E. coli the genes that encode the biosynthetic enzymes are
located in two divergently transcribed operons, controlled by a single operator that
interacts with the BirA repressor (22,23). Complexed with its co-repressor, biotinyl-5’-
AMP, BirA functions as a repressor by binding to an operator site that overlaps the
promotors for divergent bioA and bioBCDF operons (22) (Figure 1.3). BirA catalyses
adenylation of biotin, thereby synthesising its own co-repressor. BirA also catalyses the
transfer of the biotin portion of biotinyl-5’-AMP to the g-amino group of a specific lysine

residue of an enzyme (Section 1.2).

1 = e e S e

bioA bioB bioF bioC bioD

Figure 1.3: The biotin biosynthetic operon of E. coli. (O = operator, P = promotor)

In Bacillus sphaericus, the genes are located in two separate, unlinked operons (18). The
early steps of the pathway, those involved in the synthesis of pimeloyl-CoA are less well
understood. Bacillus sphaericus contains an enzyme, pimeloyl synthetase (bioW) that
converts pimelic acid to pimeloyl-CoA (18,24). E. coli lacks this enzyme and cannot use
pimelic acid as an intermediate in biotin synthesis (18,25,26). Preliminary results with
BioH suggest a role as CoA donor to a pimelyl-ACP, releasing pimeloyl-CoA (144).
Studies of BioC have been hindered by solubility problems. Scheme 1.3 depicts the biotin

biosynthetic pathway.
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Scheme 1.3: Biotin biosynthetic pathway

(KAPA, 7-keto-8-aminopelargonic acid; PLP, pyridoxal 5’-phosphate; DAPA, 7.8-

diaminopelargonic acid)



7-Keto-8-amino pelargonic acid synthase (KAPA synthase)

KAPA synthase is a homodimeric, pyridoxal phosphate (PLP)-dependent enzyme that
catalyses the first committed step of the pathway (Figure 1.4). The monomeric enzyme
subunit has a molecular mass of about 42 kDa. The crystal structure of KAPA synthase
from E. coli was determined in the apo- and holoform (27) and potent inhibitors have
been synthesised (28). Essential steps of this mechanism (29,30) are the formation of an
external aldimine 6 between PLP and the substrate, L-alanine (Scheme 1.4).
Deprotonation of the aldimine leads to a quinonoid intermediate, which then attacks the
thioester carbonyl of pimeloyl-CoA 7. Release of HSCoA produces a B-ketoacid aldimine

8, which after decarboxylation is converted into the product 9 (Scheme 1.5).
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Scheme 1.4: Formation of an external aldimine between PLP and L-alanine.
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Scheme 1.5: Formation of KAPA

7,8- Diaminopelargonic acid synthase (DAPA synthase)

DAPA synthase is a homodimeric, pyridoxal phosphate-dependent enzyme with a
molecular mass of 94 kDa that catalyses the second step of the pathway (Figure 1.4)
(31,32). The crystal structure of DAPA synthase from £. coli was determined in the apo-
and holoform (33). Unusually, the enzyme uses SAM as amino group donor (31). The
overall structure of DAPA synthase appears to be very similar to the structure of KAPA
synthase. As there is a weak homology in the amino acid sequence, it was suggested that
the two enzymes might be evolutionarily related, and are possibly derived from a

common ancestor (17). The formation of DAPA proceeds by a classical pyridoxal



phosphate dependent transaminase mechanism. The external aldimine is formed through

the reaction of SAM with PLP.

Dethiobiotin synthetase (DTBS)

DTBS is a homodimer, with a subunit molecular mass of 24 kDa. The crystal structure
for complexes of DTBS with nucleotides, substrates and substrate analogs from E. coli
was determined (34-38). The enzyme catalyses the ATP-dependent formation of DTB
from DAPA and CO; (Scheme 1.6) (39). The first step of the reaction is the formation of
a DAPA carbamate 10 at N7 (38,40.41). In the second step a reaction intermediate is
formed by transfer of the y—phosphoryl group from ATP to a carbamate oxygen 11. The
final step involves a nucleophilic attack of the N8 nitrogen onto the carbonyl oxygen of
the carbamate, with subsequent release of the phosphate group and formation of the

ureido ring of DTB 12.

HoN NH,
2 + CO,
H H ;

H -H
OH
H3C H I//\/\ﬂ/
o
Py HY

Scheme 1.6: Formation of DTB



Biotin synthase (BioB)

BioB participates in the final step of biotin biosynthesis, the conversion of DTB to biotin,
in which a sulphur atom is inserted between the unactivated methyl and C-6 methylene
group of DTB to form the tetrahydrothiophene ring of biotin (Scheme 1.3) (42,43). The
mechanism of C-S bond formation has been a matter of much debate. Two hypotheses,
based on hydroxylation or desaturation at either C6 or C9, were considered by analogy to
known enzymatic pathways, but excluded on the basis of labelling studies. They account
for the carbons to be functionalised by the involvement of hydroxylated (44) or
unsaturated (45-47) intermediates. Possible reaction intermediates for the conversion of

DTB to biotin were synthesised (Figure 1.4) and tested for their ability to allow growth of

biotin auxotrophs.

0
HN NH
H H
HoC /M OH
Son Y
16 ©

Figure 1.4: Possible reaction intermediates for the last step in the biosynthesis of biotin

Baxter et al. found that 9-mercaptodethiobiotin 16 could not support the growth of an E.
coli biotin auxotroph (48). However, transformation of the biotin auxotroph with a
plasmid encoding bioB enabled growth. Thus, it was proposed that 9-
mercaptodethiobiotin was an intermediate in biotin formation, but could not substitute for
biotin. Investigations into Bacillus sphaericus biotin auxotrophs yielded similar results
(49). A radiolabelled intermediate was isolated from lavender cell cultures with the same
retention time, assessed by HPLC, as 9-mercaptodethiobioitin 16 (50). Subsequent work
by Shaw et al., demonstrated the isolation of an intermediate from an in vitro assay
system using E. coli cell-free lysate and E. coli BioB that could be labelled from He-
DTB and *°S cystine and could be converted to biotin (51). However, the structure of this
intermediate could not be established due to the low amounts of the compound formed. In

summary, these results show that 9-mercaptodethiobioitin 16 can be converted into biotin



and may be an intermediate in the conversion of DTB to biotin. Since hydroxylation has
been excluded, 16 is probably formed by a direct sulphur insertion. Studies of the in vivo
conversion of DTB labeled with a chiral methyl group lead to racemisation at C9 (52).

This evidence is consistent with the hypothesis that the sulphur transfer occurs via a
radical mechanism. Further evidence for a radical mechanism came from the in vitro
requirement of at least two mols of SAM per mol of biotin to achieve maximal activity
(51,53). It is likely that SAM 13 is undergoing reductive cleavage to generate methionine

14 and a 5’-deoxyadenosyl radical 15 (Scheme 1.7).

N

¢
N
HSC\;-/\\.(OJ; :
H | { H=
OH OH

13 14

HY L > coLH HY >co,H HY > co,H
NH2 NH2 NH2

Scheme 1.7: Reductive cleavage of SAM

The primary 5’-deoxyadenosyl radical 15 is highly reactive and can abstract hydrogen
from the C6 carbon of DTB, which quenches with a sulphur donor. A second 5°-
deoxyadenosyl radical 15 abstracts hydrogen from the C9 carbon of DTB, which leads to
tetrahydrothiophene ring formation (Scheme 1.8).

According to the above hypothesis, replacing hydrogen with deuterium at the C6 and C9
position of DTB would lead to deuterium labelled 5°-deoxyadenosine. Escallettes et al.
synthesized deuterium labelled DTB analogues and investigated deuterium incorporation
into DOA (54). Their results were not completely unequivocal, but consistent with the
above hypotheses, and they argued against the possibility of a protein bound radical.

Additional evidence was found for the removal of the proS hydrogen from the C6 carbon

- 10 -



of DTB, which had already been suggested (45). This suggests that BioB could belong to
the Radical SAM superfamily (55), which has recently been discovered by in silico
sequence analysis. The family includes Fe-S cluster containing enzymes that catalyse the
reductive cleavage of SAM and use the resultant free radicals during catalysis (42.,43).
Examples include the anaerobic ribonucleotide reductase activating enzyme (56) and
pyruvate formate lyase-activating enzyme (57) that use a combination of a Fe-S cluster
and SAM to generate an essential protein-bound glycyl radical. In addition, BioB
contains a sequence motif encompassing three cysteine residues, the cysteine box, which
is also found in SAM-dependent enzymes containing Fe-S cluster. The proximal source
24/1+

of the reducing electrons could thus be the [4Fe-4S] cluster of biotin synthase, which

is maintained in a reduced state by NADPH, FIdA, Fdr (43) and/or mioC (58) (Scheme
1.8).

NADPH NADP*

Flavodoxin
Reducta

Flavodoxin (ox.) Flavodoxin (red.)

2 Methionine 2SAM
/Cj)\ 2DOA " 0
+ BioB, DTT, Fe**, s* /U\
HN NH 0B, T, e, S HN NH

-2 DOAH,
H H
H (o]
H /\/\/U\
3C " OH

Scheme 1.8: Working model for the conversion of DTB to biotin

The origin of the sulphur incorporated in biotin has been the focus of a number of studies.
Recent work provides evidence that the sulphur is donated by biotin synthase itself
(59,60), in fact by the Fe-S cluster of BioB (59). This could explain the failure to obtain
in vitro activity with mutants, in which the cysteine residues in the conserved cysteine

box were mutated to serine or threonine (61) or alanine (62). The sequence of BioB with

-1 -



the eight cysteine residues highlighted is depicted in Figure 1.5. As a result the altered
iron-sulphur cluster of mutated BioB is unable to participate in biotin formation. If BioB
behaves as a reagent rather than a catalyst, this could also explain the limited,
stoichiometric turnover reported in vitro. Another possible interpretation for the
mutagenesis results is that the iron-sulphur cluster of BioB cannot deliver the electrons
necessary for the reductive cleavage of SAM, as it is not properly assembled. As isolated
under aerobic condition, biotin synthase is a homodimer and contains close to one [2Fe-
2S] cluster per subunit. Upon anaerobic incubation with Fe'* and sulphide, it was
proposed that either one [4Fe-4S]>"" clusters and one [2Fe-2S]*" cluster is reconstituted
per monomer (63,64) or a [4Fe-4S]

provided spectroscopic evidence identifying the [2Fe-2S]** cluster necessary for sulphur

1" cluster per monomer (65). Ugulava et al.

transfer (Scheme 1.9).

0]

OH

Met + (e}
PG P
HN NH \/’ N
H H [4Fe-4SP*
HaC OH
: o}
\ 111/8\ IH/ ©
Fe Fe
/ \S/ N
0

Met + /J\
fdoMet  GoCH,

[4Fe-4S]2* /

Scheme 1.9: Proposed mechanism for the oxidative insertion of sulphide into
dethiobiotin from the [2Fe-2S]*" cluster in BioB [adapted from (63)]. A cubane [4Fe-4S]
cluster would follow the same mechanism and maintain one [2Fe-2S] cluster. The

sequence of BioB with the eight cysteine residues highlighted is depicted in Figure 1.5.
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I | I I I I
PQSSRYKTGL EAERLMEVEQ VLESARKAKA AGSTRFCMGA AWKNPHERDM PYLEQMVQGV

130 140 150 160 170 180
I I I | I |
KAMGLEACMT LGTLSESQAQ RLANAGLDYY NHNLDTSPEF YGNIITTRTY QERLDTLEKV

190 200 210 220 230 240
| | | [ | |
RDAGIKVCSG GIVGLGETVK DRAGLLLQLA NLPTPPESVP INMLVKVKGT PLADNDDVDA

250 260 270 280 290 300

| I ! I I I
FDFIRTIAVA RIMMPTSYVR LSAGREQMNE QTQAMCFMAG ANSIFYGCKL LTTPNPEEDK

310 320 330 340

I | I |
DLQLFRKLGL NPQQTAVLAG DNEQQORLEQ ALMTPDTDEY YNAAAL

Figure 1.5: BioB sequence; length: 346 AA; MW: 38648 Da. Eight cysteine residues,

potential sites for iron-sulphur cluster assembly, are highlighted in red.

Such mechanism could explain the low in vitro activity of biotin synthase. After the
transfer of sulphur to biotin the iron-sulphur cluster becomes depleted of sulphur. To
proceed with the next catalytic cycle, sulphide would have to be replaced. In this thesis,

the limiting factors for biotin synthase activity in vitro were investigated.

1.4 Fermentative production of biotin

In recent years many research groups, industrial and academic, have become interested in
the production of biotin by fermentation. This process is potentially cheaper and
environmentally friendlier than the synthetic multi-step procedures. It is generally
accepted that a commercially viable fermentative process will require cells able to
produce more than 1 g/L/day (66). Wild type E. coli cells produce approximately 10 to 15
ng/l of biotin (67), as isolated from the growth media. To increase the level of biotin
formation in vivo, several methods have been utilized. De-repressed E. coli cells, lacking

BirA, excrete approximately 5 to 15 pg/l (68). Mutants resistant to threonine analogues,
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which maintained a plasmid containing part or whole of a biotin operon were able to
excrete approximately 930 mg/l/82 h (69). This effect was explained in terms of
modification to the methionine metabolism, enhancing the supplying system of SAM.
However, the dramatic increase could only be achieved by maintaining the cells in a
complex fermentation medium, which would make downstream fermentative processing
more expensive. Overexpression of the E. coli bio operon in E. coli by both wild type and
artificial promotors (70) and manipulation of the E. coli operon by re-organisation of the
bio operon into one transcriptional unit (66) led to the production of approximately 30
mg/l/d of biotin. Thus far, the fermentative production of biotin in E. coli and other
microorgainsms has not been sufficient for commercialisation. The bottleneck in the
fermentative production is proposed to be the last step in the biosynthesis of biotin, the
conversion of DTB to biotin. The metabolic pathway towards DTB could be readily
engineered by overcoming the KAPA to DAPA bottleneck using a lysine-utilizing DAPA
aminotransferase to give an increase in the DTB concentration, little of which was
converted into biotin (71). In this thesis, the last step in the biosynthesis of biotin in
which BioB participates, was investigated in detail to identify possible limitations for the

in vivo application.

1.5 SAM dependent enzymes

A novel protein superfamily with over 600 members was discovered by iterative profile
searches and analysed using bioinformatics and visualization methods (55). The common
mechanistic feature of these enzymes is that they generate a 5’-deoxyadenosyl radical by
reductively cleaving SAM (Scheme 1.7; p. 10). The electron necessary for the reductive

2** cluster bound to the protein or a protein

cleavage might be provided by the [4Fe-4S]
co-factor. Although more experimental evidence is needed to support the notion of a
Radical SAM superfamily, it will help guide laboratory efforts to characterize and
identify group members. As these enzymes share some mechanistic details with biotin
synthase, selected examples are reviewed below, highlighting the parallels with the biotin

forming reaction.
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Anaerobic ribonucleotide reductase (aRR)
The synthesis of deoxyribonucleotides in £. coli, essential for DNA synthesis, under

anaerobic conditions is carried out by a class III ribonucleotide reductase (72,73) (Figure

1.6).

P~P~P~C‘) P~P~P~?

H,C o) Base H-C Base

\;Oz/
HO OH HO H

Figure 1.6: The reduction of a ribonucleotide to a deoxynucleotide.

Anaerobic ribonucleotide reductase has a a,P; tetrametric structure (74). The small §
subunit with molecular weight of 17.5 kDa (75) contains a [2Fe-2S] cluster that can be

2+/1+

anaerobically reconstituted by either dithionite or deazaflavin to [4Fe-4S] cluster

(74,76). The iron-sulphur cluster can be maintained in its reduced state by a redox chain
providing electrons including NADPH, FIdA and Fdr (77,78). The reduced [4Fe-4S]2+’i I
cluster is proposed to reductively cleave SAM to methionine and a reactive 5°-
deoxyadenosyl radical. The latter is thought to abstract a hydrogen atom from a specific
glycine residue, Gly 681, on the 80 kDa a protein (79,80). In turn, the glycyl radical is
thought to function in hydrogen abstraction from a cysteine residue located close to the
bound substrate (81). The resulting thiyl radical may then remove the 3” hydrogen atom
from the ribose and initiate the reaction (82) leading to the deoxyribonucleotide, the

mechanism of which is not fully understood.

Pyruvate Formase Lyase (PFL)

PFL is a key enzyme of the anaerobic glucose fermentation in E. coli and other
microorganisms, catalysing the CoA-dependent cleavage of pyruvate to acetyl-CoA 17

and formate 18 (Figure 1.7) (83).
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o + PFL, CoA

L

HsC™ COy CoA-87 “CHj
17 18

+  HCO,

Figure 1.7: CoA-dependent cleavage of pyruvate

The enzyme is a homodimeric protein of 170 kDa, which occurs in both an inactive
(PFL)) and active (PFL,) form (84,85). The switch from PFL; to PFL, is controlled by the
Pyruvate-Formate Lyase Activating Enzyme (PFL AE). In vifro activity requires a
reduced flavin and further low molecular weight compounds such as SAM, Fe', DTT
and pyruvate as positive allosteric effector (86). A stable glycyl radical at glycine 734 on
PFL, effects the rearrangement of pyruvate to formate (83,87,88). This active site radical
is formed through the abstraction of the proS hydrogen by a 5’-deoxyadenosyl radical.
The radical is formed by the reductive cleavage of SAM into a 5° deoxyadenosyl radical
and methionine by the [4Fe-4S]*""" cluster of PFL AE, which, in turn, is maintained in
its reduced state by flavodoxin (89). Although PFL is dimeric, only one of the two
possible Gly 734 residues is converted to a glycyl radical (90). Based on the crystal

structure of PFL showing the position of the active site residues relative to the bound

o)
HSC/U\CO;
gt )

substrate molecule, a mechanism was proposed that is shown in Scheme 1.10.

H

_/V*’/\?Q)w’j“us . H7sa Sa1g \8418 —_— H734 ‘T‘fﬁf“ﬁ
B—\JH.S/CO-A

j\ Co-A -Ozc\"c/o

H,e” S o @rcm H\f’/ \?/CHs
+

H734mé419 SHys 2 Hy34 S410 S;?/H "1‘13—4_(:?19_]3413
R I

tetrahedral oxy-radical
intermediate

Scheme 1.10: The conversion of pyruvate to acetyl-CoA and formate catalysed by PFL.
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Lipoic synthase (LipA)
Lipoic acid 25 is an essential co-factor for all a-ketoacid dehydrogenase complexes. In
E.coli, octanoic acid 24 is a precursor in the biosynthesis of lipoic acid (Figure 1.8).

Sulphur is inserted into lipoic acid in a reaction in which LipA participates (91,92).

S—S8

+ LipA, 2"8" L\/L\/\V/\\
A VA VN
COOH

COOH
24 25

Figure 1.8: LipA participates in the conversion of octanoic acid to lipoic acid.

LipA has been overexpressed in E. coli and purified from the soluble fraction (93) and
insoluble aggregates that were subsequently refolded and reconstituted with ferrous iron
and sulphide (94). LipA contains a sequence motif encompassing three cysteine residues,
the cysteine box (94), which is also found in SAM-dependent enzymes containing Fe-S
cluster. Subsequently it could be shown that LipA contains a [4Fe-4S] cluster (65,92-94).
Investigation of the conversion of octanoic acid to lipoic acid was hindered by the
absence of a functional in vitro assay. Miller et al. assayed lipoate or lipoyl formation
using E. coli lipoate-protein ligase (LplA) or lipoyl-[acyl-carrier-protein]-protein-N-
lipoyltransferase (LipB), respectively, to lipolyate apo-pyruvate dehydrogenase complex
(apo-PDC) (95). When suitably reduced LipA was incubated with octanoyl-ACP, LipB,
apo-PDC, and SAM, the formation of lipoylated PDC was observed. This was assayed
spectrophotometrically via reduction of NAD" in the presence of pyruvate, CoA, TPP,
and cysteine, was formed (92). These results suggest that LipA belongs to the group of
enzymes that use the reductive cleavage of SAM as source for generation of radicals that
includes aRR, PFL and BioB. However, it has to be noted that the measured turnover was
extremely low (0.01 mol product/ 1 mol of LipA polypeptide). The optimisation of the in
vitro reaction conditions and identification of small- or large molecular weight factors,

will be necessary to further the understanding of the biosynthesis of lipoic acid.
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Chapter Two: Purification of E. coli biotin synthase (BioB)

2.1 Purification of BioB from pKH200/BL-21(DE3)

In order to conduct biochemical studies on BioB it was necessary to obtain large
quantities of the purified enzyme. The plasmid pKH200 (Figure 2.1) was a kind gift from
Dr. K. Hewitson (Oxford University). It encodes the bioB gene under the control of the
strong T7 promotor (pET24d(+), Novagen) inducible with IPTG. The plasmid was
transformed into BL-21 (DE3) (Stratagene) which encodes T7 RNA polymerase.

Apal

pPKH200
6375 b.p.

Figure 2.1: Plasmid map of pKH200 with prominent restriction sites

Large-scale fermentations (3 X 25 1) carried out by Dr. P. Roach afforded 300 g of cells
expressing BioB at about 10-15% of total cell protein and an optimised purification
protocol was followed (96). A 35 % ammonium sulphate cut was followed by HIC
chromatography (Figure 2.2). After the fractions containing BioB were pooled, the
protein sample was further purified by gel filtration chromatography (Figure 2.3 and 2.4).
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17200
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| 1 2 3 4 5 6 7 8 9 10 11‘ 12 13 14
Figure 2.2: Coomassic Blue stained 15 % SDS-PAGE gel. (1) Molecular weight

markers, (2) — (14) BioB containing fractions eluting from the HIC column. Fractions (8)

to (14) were applied to the S-200 column.

M,

42700
BioB
30000

17200
12300

Figure 2.3: Coomassie Blue stained 15 % SDS-PAGE gel showing the fractions eluting
from the gel filtration column. (1) Molecular weight markers, (2) — (15) BioB containing

fractions. fractions (11) to (15) were pooled and used for further purification.
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Figure 2.4: Coomassie Blue stained 15 % SDS-PAGE gel. (1) Molecular weight
markers, (2) — (15) BioB containing fractions. Fractions (9) to (14) were pooled and used

for further purification.

BioB of medium purity, as judged by SDS-PAGE, was produced by this procedure. This
was deemed insufficient for rigorous biochemical investigations, although the yield was
sufficient with 570 mg final protein (50 g cell paste).

Therefore, potential improvements were investigated to increase the purity of the final
protein sample. Most purification parameters remained the same but the 35 % final

concentration of ammonium sulphate was reduced to 30 % for the initial precipitation

step (Figure 2.5 and 2.6).

-20 -



I

78000
66250

42700

30000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2.5: 15 % SDS-PAGE gel of the HIC column (an extended gradient to allow
better resolution of high molecular weight components). (1) Molecular weight markers,
(2) Load, (3) — (15) BioB containing fractions. Fraction (4) to (10) were applied to the gel

filtration column.

=

78000
66250

42700
BioB

30000

Figure 2.6: Gel filtration chromatography. (1) Molecular weight markers, (2) Load, (3) -

(8) BioB containing fractions. Fraction 4 and 5 were pooled and used for biochemical

investigations.
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With this procedure BioB of higher purity, as judged by SDS-PAGE, was obtained,
although it lowered the final yield of purified BioB to 110 mg.

Screening a range of dye affinity media (Section 8.2.1), which do not mimic a specific
co-facor but have a complex, hydrophobic structure, BioB was found to bind to the

Brown Reactive 10 resin (Sigma), which was subsequently used to further purify BioB

(Figure 2.7).

30000

17200
12300

Figure 2.7: Coomassie Blue stained 15 % SDS-PAGE gel of the Brown Reactive 10
column fractions. (1) Molecular weight markers, (2) flow through, (3) — (7) BioB

containing fractions.

As can be seen in Figure 2.7, fractions eluting from the Brown Reactive 10 column
contained a co-eluting impurity at ~50 kDa. This impurity has a stronger affinity to the
Brown Reactive 10 resin than BioB, as it is significantly depleted in the flow through.
The flow through was thus reapplied to the Brown Reactive 10 column and bound protein

eluted isocratically with high salt (Figure 2.8).
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~ 50 kDa impurity

BioB

Figure 2.8: Coomassie Blue stained 15 % SDS-PAGE gel of (1) pooled fractions 4 to 7
(Figure 2.7), (2) reapplied flow through eluted with high salt.

This last purification step yielded BioB of highest purity, as judged by SDS-PAGE, a
significant improvement to previous protocols. The BioB containing fractions obtained in
the first purification procedure (35 % ammonium sulphate cut) were thus pooled and

applied to the Brown Reactive 10 column. The flow through was collected and reapplied

(Figure 2.9).

30000

Figure 2.9: (1) Molecular weight markers, (2) Load, (3-5) BioB containing fractions for
a three step purification were desalted and stored at - 80°C, (6-8) flow through after each

of the three purification steps, (6) and (7) were reapplied.
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Through this purification scheme BioB of highest purity, as judged by SDS-PAGE, was
obtained. The drawbacks of this purification are that it is laborious and low yielding.
Thus, other ways of purifying BioB were investigated that make use of affinity tags to

allow a one step purification of BioB.

2.2 Purification of BioB from p12:bioB/Bl-21(DE3)

IMPACT (Intein Mediated Purification with an Affinity Chitin-binding Tag, BioLabs,
New England) is a protein purification system (97), which utilizes the inducible self-
cleavage activity of a protein-splicing element (named Intein) to separate the target
protein from the affinity tag. A schematic representation of the IMPACT system is given

in Figure 2.10.

Cterminal Fusion Nterminal Fusion

N%erninal C+teminal N-terminal C-terminal

~ ’

T7 Pramoter v

Load &
‘Wash

Chitin Chitin

£

Inducible Cleange
+DITat4C

Figure 2.10: Protein purification using the IMPACT system (BioLabs, New England)
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