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Endoprotease-specific C-terminal processing is required to complete the maturation of the large subunit
of [NiFe]-hydrogenases. This happens only after synthesis and insertion of the NiFe(CN)2CO cofactor by
the Hyp maturases has occurred. It is assumed that in the absence of maturation the unprocessed species
of the large subunit lacks cofactors. In this study we isolated a variant of the hydrogenase 2 large subunit,
HybC, containing a fused C-terminal pentapeptide. The polypeptide could not be processed and was
unable to associate with the small subunit to deliver an active enzyme. The His6-HybC variant protein
isolated was brown and had sub-stoichiometric amounts of an oxygen-sensitive Iron–sulfur cluster,
which could be chemically reconstituted to a [4Fe–4S] cluster. This cluster was coordinated by the con-
served cysteinyl residues that normally ligate the NiFe(CN)2CO cofactor. Our findings provide evidence
for temporary promiscuity of cofactor-binding sites.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

[NiFe]-hydrogenases catalyse the reversible activation of dihy-
drogen. The enzymes generally comprise a large subunit harbour-
ing a NiFe(CN)2CO cofactor, which is responsible for catalysis. A
second small subunit with Iron–sulfur (FeS) clusters is responsible
for electron transfer to and from the active site in the large subunit
[1,2]. Often these enzymes have a third, membrane-anchoring sub-
unit for electron transport to the quinone pool.

The model bacterium Escherichia coli synthesizes three mem-
brane-associated [NiFe]-hydrogenases (Hyd) [3]. Hyd-1 and Hyd-
2 are respiratory enzymes that couple hydrogen oxidation to qui-
none reduction. Hyd-3 is part of the formate hydrogenlyase com-
plex, which catalyses hydrogen production from formate at the
cytoplasmic side of the inner membrane.

The Hyp maturases are involved in the biosynthesis and inser-
tion of the NiFe(CN)2CO cofactor into the hydrogenase large sub-
unit [4]. Cofactor synthesis is initiated by HypF, which transfers
the carbamoyl group of carbamoylphosphate to a C-terminal cys-
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teinyl residue of HypE. HypE then catalyses the ATP-dependent
dehydration of the thiocarboxamide group to thiocyanate. The pre-
sumptive subsequent transfer of the cyanide group to an iron atom
in the HypCD complex and the generation of the CO ligand are less
well understood. Experimental evidence indicates that once inser-
tion of the Fe(CN)2CO cofactor into the large subunit has occurred
then the Ni ion is introduced by HypA, HypB and SlyD [4–6]. Only
after completion of NiFe(CN)2CO cofactor insertion does active site
closure through a specific endoproteolytic cleavage of a short C-
terminal peptide from the large subunit occur [4,7,8]. A mutation
that prevents any one of the above steps results in an unprocessed
large subunit, which lacks the cofactor and is generally assumed to
lack any associated metal. In this study we demonstrate that the
unprocessed large subunit, HybC, of Hyd-2 can be isolated with
an oxygen-sensitive FeS cluster.
2. Materials and methods

2.1. Strains and growth conditions

The strains and plasmids used in this study were: MC4100 (F�,
araD139, D(argF-lac)U169, k-, rpsL150, relA1 deoC1, flhD5301,
D(fruK-yeiR)725(fruA25), rbsR22, D(fimB-fimE)632(::IS1)) [9];
FTD147 (like MC4100 but DhyaB DhybC DhycE) [10]; DHP-F2 (like
MC4100 but DhypF) [11]; CP477 (like MC4100 but DiscA:KanR)
[12]; pASK-hybC [13]; pCAN-hybC encoding HybC with an N-ter-
minal hexa-histidine tag and a C-terminal pentapeptide (GLCGR)
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[14], which we refer to henceforth as His6-HybCGLCGR. E. coli strains
were grown anaerobically at 37 �C in TGYEP medium [15]. Ampicil-
lin and chloramphenicol were used at the final concentration of
100 lg and 12 lg per ml, respectively. Protein overproduction
from strain FTD147 containing plasmid pCAN-hybC or pASK-hybC
in cultures (10 l) was induced by the addition of 0.3 mM IPTG or
anhydrotetracyline (0.2 lg ml�1) followed by incubation at 30 �C
for 3 to 5 h. Cells were harvested (OD600 nm of 0.9) and cell pellets
were used immediately or stored at �20 �C until use.

2.2. Preparation of crude extracts and protein purification

All steps were carried out under anaerobic conditions in a CoyTM

chamber. Wet cell paste was resuspended at a ratio of 1 g per 3 ml
in 50 mM MOPS pH 7 including 5 lg DNase/ml and 0.2 mM phen-
ylmethylsulfonyl fluoride. Cells were disrupted by sonication
(30 W power for 5 min with 0.5 s pulses). Unbroken cells and deb-
ris were removed by centrifugation for 30 min at 50 000g at 4 �C.
The supernatant was used for anaerobic purification of His6-
HybCGLCGR exactly as described [16].

2.3. Mutagenesis of pCAN-hybC

Plasmid pCAN-hybC served as DNA template for the introduction
of mutations into the hybC gene using the QuickChange (Stratagene)
mutagenesis procedure exactly as described by the manufacturer.
The oligonucleotide primers used to introduce a stop codon, generat-
ing pCAN-hybCSTOP were 50-CAGTGAAGGTTCTTTGACTATGCGGC
CGC-30 and 50-GCGGCCGCATAGTCAAAGAACCTTCACTG-30. For muta-
genesis of the the Cys codons the following primers were used: for
plasmid pCAN-hybC(C61A/C64A) with a Cys61Ala/Cys64Ala double
exchange 50-TGCAACGTATCGCTGGCGTAGCTACTACCACTC-30 and
50-GAGTGGTAGTAGCTACGCCAGCGATACGTTGCA-30 were used; for
pCAN-hybC(C546A/C549A) with a Cys546Ala/Cys549Ala double ex-
change 50-CCTTTGACCCGGCCATGGCCGCTGCGGTACACG-30 and 50-
CGTGTACCGCAGCGGCCATGGCCGGGTCAAAGG-30 were used. The
entire mutated hybC genes were verified by DNA sequencing.

2.4. Polyacrylamide gel electrophoresis and protein determination

Non-denaturing polyacrylamide gel electrophoresis (PAGE)
using 7.5% (w/v) polyacrylamide with subsequent staining for
hydrogenase enzyme activity was performed exactly as described
[13]. SDS–PAGE was performed using 10% (w/v) polyacrylamide
as described [17]. Determination of protein concentration was
done as described [18].

2.5. UV–visible and electron paramagnetic spectroscopy

UV–Vis and EPR spectroscopies were performed exactly as de-
scribed in [19]. Samples of His6-HybCGLCGR (50 mg ml�1) were fro-
zen in cold isopentane/methylcyclohexane (5:1, �120 K) and
stored in liquid nitrogen.

2.6. Chemical reconstitution of a FeS cluster into His-HybC

To chemically reconstitute a FeS cluster, the different His6-HybC
variants (1 mg ml�1) were incubated anaerobically in 50 mM Tris–
HCl pH 8, containing 150 mM NaCl and 2 mM sodium dithionite for
1 h at 15 �C. The reconstitution was started by slow addition of
0.7 mM ferric ammonium citrate and 1 mM Li2S and the mixture
was incubated for 20 min at 15 �C. To remove non-bound iron
and sulfide, the reconstituted His6-HybC variants were passed
through a Superdex-200 gel filtration column equilibrated with
25 mM Tris–HCl, pH 7.8 containing 200 mM NaCl, 5% (w/v) glyc-
erol and 2 mM sodium dithionite. The assembly of a FeS cluster
in the His6-HybC variants was ascertained by non-heme iron and
sulfide analyses.

2.7. Non-heme iron and acid-labile sulfide determination

Iron and acid-labile sulfide were determined as described previ-
ously [20,21]. Iron content was confirmed by inductively coupled
plasma mass spectrometry (ICP-MS) [22]. For ICP-MS analysis
1.5 mg of purified the His6-HybC variant (15 mg ml�1) was mixed
with 85 ll of 67% (w/v) nitric acid. The mixture was heated at
70 �C for 2 h, then diluted with distilled water to a final concentra-
tion of 2 % nitric acid and introduced into an X-Series 2 ICP-MS
system (Thermo Fisher Scientific, Bremen) via a peristaltic pump.
The sample was aspirated with humidified argon, passed into the
plasma, and analysed for iron, nickel, zinc and copper. Commercial
multi-element calibration standards were used.
3. Results

3.1. Addition of a C-terminal pentapeptide prevents endoproteolytic
processing of His6-HybC

The Keio collection of E. coli strains [14] includes a series of plas-
mids encoding N-terminally (hexa-histidine) His6-tagged fusion
proteins of each open reading frame (ORF) in the E. coli genome.
As well as the N-terminal His6-tag, each ORF in this series also car-
ries a C-terminal extension of five amino acids (GLCGR) [14]. Keio
collection plasmid pCAN-hybC thus encodes His6-HybCGLCGR, the
large subunit of Hyd-2. Introduction of this plasmid into strain
FTD147, which has chromosomal deletions in hyaB, hybC and hycE,
encoding the large subunits of Hyd-1, 2 and 3, respectively [10],
failed to restore Hyd-2 activity to the strain (Fig. 1A) as determined
by specific staining for hydrogenase activity after separation of the
enzymes by native-PAGE [13]. In contrast, plasmid pASK-hybC
encoding HybC with a N-terminal Strep-tag but lacking a C-terminal
pentapeptide extension complemented the hybC mutation and re-
stored Hyd-2 enzyme activity (Fig. 1A). To determine whether the
N-terminal His6-tag or the C-terminal pentapeptide extension on
His6-HybCGLCGR prevented enzyme activity being restored, we rein-
troduced an opal (UGA) stop codon in plasmid pCAN-hybCGLCGR

delivering plasmid pCAN-hybCSTOP. This removed the 5 C-terminal
amino acids from His6-HybCGLCGR and the gene product, referred
to as His6-HybC, had a C-terminus identical to the native protein.
This derivative, when transformed into FTD147 complemented the
hybC mutation and restored Hyd-2 enzyme activity (Fig. 1A), indi-
cating that the C-terminal pentapeptide extension on His6-
HybCGLCGR was responsible for the lack of Hyd-2 enzyme activity.

3.2. Characterization of purified unprocessed His-tagged HybC

In order to determine why the pCAN-hybC plasmid could not de-
liver active Hyd-2 enzyme, the His6-HybCGLCGR polypeptide encoded
by pCAN-hybC was overproduced and purified by cobalt-NTA affin-
ity chromatography performed under strictly anaerobic conditions
(see Section 2). The protein purified from the cytoplasmic fraction
showed a single polypeptide with apparent molecular mass of
67 kDa on SDS–PAGE (Fig. 1B). In comparison, when overproduced
Strep-HybC was enriched, a double band was observed (Fig 1B),
which is characteristic for a mixture of processed and unprocessed
HybC polypeptide [13]. Moreover, the small subunit HybO was asso-
ciated with Strep-HybC, while no accompanying small subunit co-
purified with the unprocessed His6-HybCGLCGR polypeptide
(Fig. 1B). These data indicate that His6-HybCGLCGR was inactive due
to the lack of C-terminal processing of the polypeptide and the ab-
sence of an associated electron-transferring small subunit.



Fig. 1. His6-HybCGLCGR is functionally inactive and unprocessed. A. Crude extracts with 25 lg total protein of strains MC4100 and DHP-F2 (DhypF) grown anaerobically in
TGYEP, pH 6.5 were subjected to 7.5% (w/v polyacrylamide) non-denaturing PAGE and subsequently stained for hydrogenase enzyme activity. Lane 1, crude extract of FTD147
(DhyaB DhybC DhycE) as a negative control; lane 2, crude extract of MC4100 (wild-type); lane 3, crude extract of FTD147 + pASK-hybC (Strep-HybC); lane 4, crude extract of
FTD147 + pCAN-hybC (His6-HybCGLCGR); lane 5, FTD147 + pCAN-hybCSTOP (His6-HybC, lacking the C-terminal pentapeptide). The activity band assignment of Hyd-1, Hyd-2
and His6-Hyd-2 (Hyd-2 enzymes with His6-tagged HybC) is indicated. A weak hydrogenase-independent activity due to formate dehydrogenase is indicated as Fdh and acts as
a loading control. B. Purified His6-HybCGLCGR (5 lg protein) was separated by SDS–PAGE (10% w/v polyacrylamide) and C. Strep-Hyd-2 (Hyd-2 enzyme with a Strep-tagged
HybC; 5 lg protein) was separated by 12.5% SDS–PAGE. The gels were stained with Coomassie Brilliant Blue and in B the protein size marker (M) was PageRuler Plus
prestained marker (Fermentas) and in C PageRuler prestained marker (Fermentas) was used. The location of the single, unprocessed His6-HybCGLCGR polypeptide in part B and
the unprocessed and processed forms of Strep-HybC, together with the associated HybO small subunit, in part C are indicated.
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It was noted that concentrated His6-HybCGLCGR had a brown col-
our. UV–Vis spectroscopic analysis of the protein sample revealed a
spectrum characteristic of a FeS protein (Fig. 2A). The broad shoul-
der at 420 nm together with the approximate 50% reduction in sig-
nal intensity after treatment of the sample with 2 mM dithionite
suggests the presence of a [4Fe–4S]2+ cluster [19]. The weak fea-
tures at 410 and 460 nm suggest, however, that some [2Fe–2S]2+

is also present in the sample (see Fig. 2A). Metal analysis of the
protein sample performed by both colorimetric and ICP-MS meth-
ods revealed approximately 0.2 mol Fe per mol His6-HybCGLCGR

(Table 1), showing partial occupancy of the FeS cluster in the pro-
tein. Less than 0.01 mol nickel per mol protein was detected and
acid-labile sulfide was also below the detection limit.

Isolation of His-HybC under aerobic conditions resulted in a
protein sample that was essentially colourless and which con-
tained less than 0.01 mol Fe per mol protein.

3.3. His-HybC isolated from a hypF mutant retains the FeS cluster

To investigate the dependence on the Hyp maturases for intro-
duction of the FeS cluster into His6-HybCGLCGR, the protein was
purified under anaerobic conditions from an E. coli strain deleted
for the hypF gene, encoding one of the key enzymes on the Ni-
Fe(CN)2CO cofactor maturation pathway [11]. UV–Vis spectro-
scopic analysis of the purified protein revealed a spectrum
similar to that for His6-HybCGLCGR isolated from a Hyp+ strain
(Fig. 2B) and this strongly suggests that the FeS cluster was intro-
duced independently of the Hyp protein machinery.

EPR analysis of a concentrated sample of as-isolated His6-
HybCGLCGR from FTD147 reduced with dithionite revealed g-value
features consistent with the presence of a [4Fe–4S]1+ cluster (Fig. 2C).

3.4. The FeS cluster in unprocessed His6-HybCGLCGR is coordinated by
the Cys residues that coordinate the NiFe(CN)2CO cofactor

Two pairs of highly conserved Cys residues coordinate the Ni-
Fe(CN)2CO cofactor in the hydrogenase large subunit [2]. In the
large subunit of Hyd-2 these are the N-terminally located Cys61/
Cys64 and the C-terminally located Cys546/Cys549 pairs [23]. In
order to determine whether the labile FeS cluster in His6-
HybCGLCGR is coordinated by these Cys residues, two different
His6-HybCGLCGR variants were constructed in which either the N-
terminal Cys pair was exchanged for Ala residues encoded on
pCAN-hybC(C61A/C64A), or the C-terminal Cys pair was exchanged
for Ala residues encoded on pCAN-hybC(C546A/C549A). Isolation
of a soluble variant with the amino acid exchanges in the C-termi-
nal pair was not possible due to inclusion body formation (data not
shown). Overproduction and purification of the His6-HybCGLCGR

variant with the C61A/C64A exchanges was successful and the
UV–Vis spectrum of the concentrated protein only revealed a weak
contribution of stray light at 350–600 nm (Fig. 2B). Moreover, me-
tal analysis revealed that non-heme iron in this protein was below
the detection limit (<0.01 Fe/protein).

3.5. A [4Fe–4S] cluster can be chemically reconstituted into His-HybC

To provide further support that a [4Fe–4S] cluster can be bound
by the four cysteinyl residues that bind the NiFe(CN)2CO cofactor
before complete maturation of HybC, we attempted chemical
reconstitution of the FeS cluster in His6-HybCGLCGR as described
in the Methods section. Anaerobically isolated His6-HybCGLCGR

reconstituted with iron and sulfide was submitted to gel-filtration
chromatography under anaerobic conditions to remove Fe/S aggre-
gates and non-specifically bound iron. Reconstituted His6-
HybCGLCGR had approximately 4 mol Fe and 2.5 mol acid-labile sul-
fide per mol His-HybC (Table 1). Because the reconstitution reac-
tion was performed in the presence of dithionite no UV–Vis
spectrum of the sample could be taken. Therefore, to demonstrate
that metal-binding was specific we performed the same reconsti-
tution experiment with the His6-HybCGLCGR variant with the amino
acid exchanges C61A/C64A. In this case less than 1 mol Fe could be
detected in the protein (Table 1), strongly suggesting that binding
was specific and that the Cys residues 61 and 64 were required for
optimal coordination of the cluster.



Fig. 2. Anaerobically isolated His6-HybCGLCGR has an iron-sulphur cluster. (A) His6-HybCGLCGR was incubated in anaerobic 50 mM Tris–HCl pH 8.0, 150 mM NaCl (5 mg ml�1)
(as-isolated) or with 1 mM or 2 mM sodium dithionite in an anaerobic chamber at room temperature for 10 min. UV–Vis spectra were recorded between 300 and 600 nm as
indicated. (B) The UV–Vis spectra of His6-HybCGLCGR (4 mg ml�1) isolated from strain DHP-F2 (DhypF) and His-HybC(C61A/C64A) (4 mg ml�1) are shown. (C) EPR spectra were
taken with an anaerobically prepared sample of His6-HybCGLCGR (50 mg ml�1) and the conditions were 9.458 GHz, 10 K and the indicated microwave power.

Table 1
Non-heme iron and sulfide analyses.

Protein sample Non-heme Fe (mol per mol of protein) Sulfide (mol per mol of protein)

Colorimetrica

His-HybC as-isolated 0.2 ± 0.02 (n = 4)b Below detection limitc

His-HybC reconstituted 4.4 ± 0.25 (n = 4) 2.25 ± 0.27
His-HybC(C61A/C64A) Below detection limit (n = 2) n.d.d

His-HybC(C546A/C549A) Below detection limit (n = 2) n.d.
His-HybC(C61A/C64A) reconstituted 0.81 ± 0.05 (n = 4) 0.56 ± 0.07
ICP-MSa

His-HybC as-isolated 0.16 ± 0.015 (n = 2) n.d
His-HybC-iscAe 0.06 (n = 2) n.d

a Method used for iron determination.
b n is the number of independent measurements
c lower limit of detection for sulfide P 1 nmol.
d n.d. not determined.
e His-HybC isolated from an iscA mutant with a defect in Iron–sulfur cluster biosynthesis.
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3.6. Reduced levels of iron are present in His-HybC isolated from an
iscA mutant

We have shown recently that the A-type carrier proteins IscA
and ErpA are important for maturation of the FeS clusters in the
small, electron-transfer subunits of hydrogen-oxidising hydroge-
nases of E. coli [24]. As IscA has an important function in transfer
and delivery of FeS clusters to apo-protein substrates [25], we
tested whether His6-HybCGLCGR isolated from an iscA mutant had
an altered non-heme iron content. Contrary to expression in
wild-type or hypF mutant cells, the majority of the protein was
found in inclusion bodies. Nevertheless, it was possible to isolate
1.3 mg of soluble His6-HybCGLCGR from the soluble fraction derived
from 1 g of wet cell paste of the iscA mutant (for comparison



Fig. 3. A schematic model for the observed data is presented. The 4 Cys residues in pre-HybC that coordinate the NiFe(CN)2CO cofactor (upper part) also coordinate the FeS
cluster, which is introduced by the Iron–sulfur cluster machinery (lower part). After NiFe(CN)2CO cofactor insertion by the Hyp maturases cleavage of the C-terminal 15
amino acids occurs with a conformational change and generation of the mature HybC. His6-HybCGLCGR variant with the C-terminal pentapeptide extension is not a substrate
for the endonuclease HybD and the FeS cluster is trapped as a dead-end product. The ‘squiggle’ signifies the C-terminal 15 amino acid peptide in the native protein that is
cleaved after maturation. The question mark signifies that the pre-HybC with the FeS might be an obligatory intermediate.
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FTD147 cells yield 7.5 mg of His6-HybCGLCGR per g wet cell paste).
Analysis of non-heme iron levels from two independent purifica-
tions revealed an iron content of only 0.06 mol per mol of His6-
HybCGLCGR (Table 1).

4. Discussion

After insertion of the NiFe(CN)2CO cofactor into the large subunit
of [NiFe]-hydrogenases by the Hyp maturases has been completed, a
highly specific endoproteolytic cleavage occurs, which is necessary
to allow closure of the active site [4]. Each hydrogenase large sub-
unit has its own specific protease. Only after this specific processing
event has occurred can the hydrogenase small subunit form a com-
plex with the large subunit, which ultimately results in the assem-
bly of an active enzyme [4,13]. Thus, in mutants lacking any of the
Hyp maturases, nickel-transport proteins or the endoprotease no
C-terminal processing occurs, no enzyme activity results and the
immature large subunit remains in the cytoplasm. The large sub-
units of the Hyd-1 and Hyd-2 hydrogen-oxidising enzymes of
E. coli both undergo an endoproteolytic cleavage that results in re-
moval of a 15 amino acid peptide [4,26], while the HycE large sub-
unit of Hyd-3 loses a 32 amino acid C-terminal peptide [7]. In all
three instances, however, cleavage occurs three amino acids C-ter-
minal to the final Cys residue (Cys549 in HybC) that coordinates
the NiFe(CN)2CO cofactor [4] (depicted schematically in Fig. 3). In
this study we have shown that extension of the C-terminus of the
Hyd-2 large subunit by only five amino acids is sufficient to prevent
proteolytic processing. In a previous study it was shown that fusion
of GFP to the C-terminus of HybC prevented endoproteolytic cleav-
age [27]. Our data show that improper folding, as suggested for the
GFP fusion, cannot be the cause of impaired cleavage. The results of
our study suggest that either an altered structure of the C-terminal
peptide or, more likely, impaired recognition by its specific protease
(HybD) due to addition of five amino acids might be the reason for
ineffective proteolysis. Future studies will address this problem.
Restoration of the natural C-terminus of HybC allowed recovery of
Hyd-2 enzyme activity, indicating that the N-terminal His-tag was
not the cause of the impaired processing or activity. Notably, addi-
tion of the same pentapeptide sequence to the HyaB large subunit
of Hyd-1 also prevented endoproteolytic cleavage, while addition
of the pentapeptide to HycE, the large subunit of Hyd-3, did not af-
fect cleavage or maturation to an active enzyme (M. Braussemann,
C. Pinske, B. Soboh and R.G. Sawers, unpublished data). This suggests
that differences might exist between the mechanisms and require-
ments for cleavage of the large subunits of the hydrogen-oxidising
enzymes compared with that of the hydrogen-evolving Hyd-3
enzyme.

Surprisingly, when isolated under strictly anaerobic conditions
His6-HybC was brown in colour and spectroscopic and metal anal-
yses revealed sub-stoichiometric levels of a FeS cluster. Based on
UV–Vis spectroscopy there appeared to be a mixture of [4Fe–4S]
and [2Fe–2S] clusters in the protein. This would be consistent with
a labile cluster and indeed we were unable to identify a FeS cluster
when His-HybC was isolated aerobically. This is reminiscent of the
oxygen-sensitive [4Fe–4S] cluster in the FNR transcription factor
[25,28,29].

In a recent study in which the large subunit HyhL from Thermo-
coccus kodakarensis was heterologously overproduced in E. coli, the
authors observed that the isolated protein had both a brown colour
and sub-stoichiometric amounts of iron [30], but no detailed
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evidence for the binding site was reported. Our own findings have
revealed that the unprocessed large subunit of Hyd-1 also has fea-
tures of a FeS cluster (M. Braussemann, B. Soboh and R.G. Sawers,
unpublished data), which suggests that FeS binding in vivo might
be a general mechanism if processing is blocked or impeded. The
immature hydrogenase large subunit acquires a labile FeS cluster,
which is coordinated by the same cysteines used to coordinate
the NiFe(CN)2CO cofactor (depicted schematically in Fig. 3). These
findings suggest that if metabolic or regulatory restrictions limit Ni-
Fe(CN)2CO cofactor biosynthesis or insertion, then transient inser-
tion of a FeS cluster might stabilize the preformed hydrogenase
large subunit, maintaining a folding state appropriate for subse-
quent insertion of the completed cofactor. Alternatively, the FeS
cluster might be an obligatory intermediate on the pathway of mat-
uration, which becomes trapped if late steps in maturation fail (see
Fig. 3). This result might also explain the recent observation [24]
that the unprocessed forms of native HyaB and HybC are stable in
a hypF mutant, yet the processed forms of the large subunit are de-
graded in mutant backgrounds in which the small subunits cannot
be matured or in which FeS cluster biosynthesis is impaired.
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