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Figure 4.4. Chemical structures of DCS, LCS, and L-cysteine. 
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inhibitive effect on the desulfurase reaction of pSufS, which is the cysteine desulfurase in 

Plasmodium falciparum16. DCS is a natural product from Streptomyces strains and acts as 

a broad spectrum antibiotic, whereas LCS is synthesized chemically17. DCS has severe side 

effects so it is most commonly used as a second-line antibiotic in the combination therapy 

to treat tuberculosis18. Its main antibacterial target is the PLP-dependent alanine racemase 

which is an essential enzyme generating D-alanine for the formation of the D-alanyl-D-

alanine dipeptide incorporated into the bacterial peptidoglycan layer19. DCS is also a potent 

agonist of N-methyl-D-aspartic acid (NMDA) receptor involved in human 

neurotransmission20. LCS commonly regulates the lipid metabolism but its mechanism of 

inhibition is still unknown. Unlike many irreversible inhibitors that inactivate their protein 

targets by covalent modification, cycloserine forms a stable adduct with the PLP cofactors 

to inhibit16.  

            SufS is a PLP-dependent enzyme and PLP is essential for the desulfurase reaction. 

Cycloserine is a good candidate as a specific inhibitor to decrease the activity of SufS. In 

this study, we used a combination of enzyme kinetics, computational protein docking, and 

UV-vis spectroscopy to elucidate the mechanism of SufS inactivation by both enantiomers 

of cycloserine. We highlight differences in the inhibition from DCS and LCS and provide 

further insight in the PLP-dependent reaction.       
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MATERIALS AND METHODS 

            Strains and Plasmids 

            SufS and SufE were expressed in BL21(DE3). The construction of the vectors, 

pET21a_sufS and pET21a_sufE, were described before5. Cells that overexpress SufS and 

SufE were grown in Lennox Broth (LB). 100 mg/L ampicillin was used. All chemicals 

were obtained from Sigma unless otherwise indicated. 

 

            Protein Expression and Purification 

            E. coli BL21(DE3) containing pET21a_sufS and pET21a_sufE vectors was grown 

in LB at 37 ˚C until it reached an OD600 of 0.4 - 0.6. The overexpression was induced by 

addition of 500 µM IPTG. The condition for the induction of SufS is 18 ˚C overnight. The 

SufE induction condition is 37 ˚C for 3 hours. Cells were harvested and lysed in 25mM 

Tris-HCl, pH 8.0, 5mM DTT, and 1 mM PMSF via sonication. After centrifugation at 

14000 rpm for 30min, the lysate was loaded on the columns. SufS was purified through Q-

sepharose, phenyl and Superdex 200 chromatography resins in sequence. SufE was purified 

through Q-sepharose and Superdex 200 chromatography resins in sequence. The Q-

sepharose column used a linear gradient from 25 mM Tris-HCl, pH 8.0, 10 mM βME to 25 

mM Tris-HCl, pH 8.0, 1 M NaCl, 10 mM βME. The phenyl column utilized a linear 

gradient from 25 mM Tris-HCl, pH 8.0, 100 mM NaCl, 1M ammonium sulfate, 10 mM 

βME to 25 mM Tris-HCl, pH 8.0, 10 mM βME. The Superdex column run with 25 mM 

Tris-HCl, pH 8.0, 150mM NaCl, 10 mM βME. Purified proteins were concentrated, frozen 

as drops in liquid nitrogen, and stored at – 80 degrees until further use. 
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            Rates of SufS-SufE inactivation by cycloserine using cysteine desulfurase assay 

            The activity of SufS and SufE was measured using the methylene blue assay as 

previously described5. Reactions were conduct aerobically in 25mM Tris-HCl, pH 7.4, 150 

mM NaCl at room temperature. 0.5 µM SufS and 2 µM SufE proteins were incubated with 

DCS (0 µM, 10 µM, 50 µM, 100 µM, 500 µM, 1000 µM, 2000 µM, 5000uM) or LCS (0 

µM, 10 µM, 50 µM, 100 µM, 500 µM, 1000 µM, 2000 µM, 5000uM) in the buffer for 5 

min before the addition of 2mM L-cysteine and 2mM DTT. The reaction volume was 800 

uL. Reactions proceeded for 10 min and were quenched by 100 uL 20mM NNDP in 7.2 M 

HCl and 100 uL 30 mM FeCl3 in 1.2 M HCl. The mixture was incubated in the dark for 30 

min to produce methylene blue. Precipitated protein was removed by 1 min centrifugation 

at 13000 rpm and the methylene blue was measured at 670 nm. A Na2S standard line was 

made for calibration of the content of sulfur product from this reaction. 

 

            Docking study of cycloserine into SufS 

            Flexible-ligand docking studies were done by AutoDock 4.2 program. All the pre-

processing steps for the ligand DCS/LCS and the receptor SufS crystallographic files were 

performed within the AutoDock Tools 1.5.4 program (ADT). All hydrogens were added to 

the receptor PDB file by the ADT program. For docked ligands, non-polar hydrogens were 

added; Gasteiger charges assigned and torsions degrees of freedom were also allocated by 

ADT program. A grid of 60 x 60 x 60 points in x, y, and z direction was built centered at 
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the center of the active site of SufS. Cluster analysis was performed on the docking results 

using an RMS tolerance of 2 angstroms.  

 

            UV-visible secptroscopy of SufS-SufE inhibition by cycloserine 

            Ultraviolet-visible (UV-vis) spectra were measured by a BECKMAN COULTER 

DU 800 spectrophotometer. 25 µM SufS, 100 µM SufE and 5mM DCS or LCS were 

prepared at the concentration of 20 µM in 25 mM Tris-HCl, 150 mM NaCl, pH 8.0 buffer. 

180 – 500 nm spectra were collected with a cuvette of 1 cm path length at time intervals 

from 0 min to 2 hours.   

RESULTS 

            Inhibitory effects of DCS and LCS on the activity of SufS in the presence of SufE 

            The native activity of SufS alone is very low compared with its homologue IscS. 

The SufS and SufE complex reaches a comparable level of activity with IscS5. So we used 

SufS and SufE with a 1:4 ratio in the cysteine desulfurase assay to check its activity. The 

active site of SufS includes the PLP cofactor bound to the conserved Lys226. Inhibitors of 

PLP-dependent enzymes that bind with this cofactor have been used as irreversible 

inhibitors for the activity of the enzyme. DCS reacts with the PLP fold type 1 enzymes like 

aspartate aminotransferase family to inhibit their activities18,20,21. Since cysteine 

desulfurase like SufS also belongs to the PLP fold type 1 enzymes22, DCS may act as an 

inhibitor to SufS. The effect of DCS on the desulfurase activity of SufS was investigated. 

DCS was incubated with SufS and SufE. There was a dose-dependent inhibition of SufS 
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activity by DCS (Figure 4.5). The 50% inhibitory concentration (IC50) was calculated to be 

1.98 mM. The inhibitory effect of DCS on the desulfurase activity of SufS is poor. To 

further investigate the inhibitory mechanism of cycloserine on SufS, we used LCS that is 

an enantiomer to DCS with a chiral symmetry. A dose-dependent inhibition of SufS by 

LCS was also observed and the IC50 was 306.1 µM (Figure 4.6). Compared with DCS, LCS 

shows much better inhibitory effects.      

 

            Small-molecular docking of cycloserine into SufS 

            Docking is a method to predict the preferred orientation of one molecule to another 

to form a stable complex. It is commonly used in the field of molecular modeling. Small-

molecular docking is used to predict the binding conformation of small molecule ligands 

to the target binding site23. In this study, we docked both DCS and LCS into SufS to 

investigate the difference of their inhibitory effects on SufS. We first docked the substrate 

L-cysteine into the active site of SufS as a control (Figure 4.7). L-cysteine is stabilized by 

His123, Arg359, and Thr278 (from the other monomer) through hydrogen bond. The 

nitrogen of the L-cysteine is at a proper orientation towards the Schiff base between the 

PLP cofactor and the conserved Lys226, which facilitates the reaction of transimination. 

DCS is a cyclic analogue of cysteine. After it is docked into the active site of SufS, it is 

also stabilized by His123, Arg359, and Thr278 (Figure 4.8). However, the nitrogen of DCS 

to start the nucleophilic attack towards the Schiff base of the PLP and Lys226 is far away 

from its target, which is not a proper orientation for the transimination reaction. The 

transimination reaction between DCS and the internal aldimine is hard to happen. It may 
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Fig. 4.5. Activity of 0.5 µM SufS and 2 µM SufE at various concentration of DCS.  
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Figure 4.6. Activity of 0.5 µM SufS and 2 µM SufE at various concentration of LCS. 
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Figure 4.7. Docking model of L-cysteine as a substrate into the active site of SufS.  
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Figure 4.8. Docking model of DCS into the active site of SufS. 
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explain why the inhibitory effect of DCS on SufS is poor. LCS is an enantiomer to DCS 

and is chiral with DCS. The docking of LCS shows that the nitrogen of LCS for the 

nucleophilic attack is close to the Schiff base of Lys226 and PLP, which is a proper 

orientation for the following transimination reaction (Figure 4.9). It may explain why LCS 

shows a better inhibitory effect compared with DCS.  

 

            UV-vis spectroscopy analysis of DCS and LCS binding to SufS 

            The UV-visible spectrum of SufS displays absorbance maxima at 420 nm 

corresponding to the internal aldimine form of the PLP-bound enzyme. When DCS was 

added to SufS at pH 8.0 and 25 ˚C, notable changes in the 420 nm peak occurred (Figure 

4.10), which suggests that DCS interacts with the PLP cofactor. Over a period of 1 hour, 

the internal aldimine peak (420 nm) was reduced to about 10% of its original value with 

simultaneous growth of a new peak at 380 nm. No new peak was observed when the sample 

was incubated for about 2 hours. It suggests that the PLP cofactor bound to the residue 

Lys226 as internal aldimine is replaced by one or more new species.  

            Significant changes in the PLP absorbance spectrum of SufS were also observed 

after the addition of LCS but the changes thereafter were much fast compared with DCS. 

The 420 nm peak went down to about 10% of its original value within 5 min (Figure 4.11), 

which indicates the internal aldimine reacts with LCS to get a new adduct. This 

spectroscopic change correlates with the observation that LCS has a much smaller IC50 

compared with DCS because it is easier to conduct the tranimination reaction with the 

internal aldimine. Meanwhile, two new peaks, 380nm and 320 nm, are formed. Over time  
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Figure 4.9 Docking model of LCS into the active site of SufS. 

  



 

124 

 

 

Figure 4.10. UV-visible spectra of addition of 5 mM DCS into 25 µM SufS at various 
time points. 
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Figure 4.11. UV-visible spectra of addition of 5 mM LCS into 25 µM SufS at various 
time points. 
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(2 hours to 12 hours), the 380 nm peak is reduced but the 320 nm peak keeps growing. It 

indicates that the specie of the 380 nm peak may be an intermediate to reach a more stable 

adduct at 320 nm absorbance. The UV-vis spectra of SufS in the presence of DCS and LCS 

are very different to each other. In contrast, the spectra of free PLP in the presence of DCS 

and LCS are identical and display maxima at 360 nm24. Therefore, it is not simply a PLP-

cycloserine aldimine formed in the enzyme. A new specie at 330 nm and a new 

intermediate at 380 nm are formed in the reaction between the cycloserine and the PLP 

cofactor of SufS. 

            L-cysteine can bind to the PLP cofactor to start a transimine reaction, which 

decreases the internal aldimine at 420 nm and increases the external aldimine at 340 nm 

(Figure 4.12).  If the L-cysteine is excessive then the whole reaction is very fast. To test if 

L-cysteine can rescue the inhibition of cycloserine to SufS, we incubated SufS and 

cycloserine for 1 hour before we added L-cysteine. For DCS (Figure 4.13), The absorption 

peak at 380 nm degrades quickly and the absorptions at both 340 nm and 420 nm increased 

as the incubation time extends, which indicates that the intermediate at 380 nm formed by 

SufS and DCS is not stable and SufS can be rescued by L-cysteine. For LCS (Figure 4.14), 

the absorption peak at 380 nm peak decreases slowly and the absorptions at both 340 nm 

and 420 nm increased gradually. A shoulder at 320 nm increased with the 340 nm peak. 

The results indicate that L-cysteine can partially rescue the inhibition from LCS. However, 

even in the presence of L-cysteine, LCS can shift the reaction towards the production of a 

more stable adduct at 320 nm. 
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Figure. 4.12. UV-visible spectra of incubation of 25 µM SufS and 5 mM L-cysteine at 
various time points. 
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Figure 4.13. Change of UV-visible spectra at various time points after adding L-cysteine 
to SufS-DCS complex. We incubated 25 µM SufS and 5 mM DCS for 1 hour before we 
added 5 mM L-cysteine. 
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Figure 4.14. Change of UV-visible spectra at various time points after adding L-cysteine 
to SufS-DCS complex. We incubated 25 µM SufS and 5 mM DCS for 20 min before we 
added 5 mM L-cysteine. 
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DISCUSSION 

            Fe-S clusters are essential for the organism living because they are the key metal 

cofactors in the electron transfer, catalysis, sensing of reactive oxygen, and genetic 

regulation2. Suf pathway is used for the biosynthesis of Fe-S clusters under oxidative stress 

and iron limitation status4. Suf pathway is a good target for novel antibiotic design due to 

its necessity and specificity in bacteria25. SufS and SufE are the beginning of Suf pathway 

to extract sulfur from L-cysteine as a sulfur source for the subsequent Fe-S cluster 

formation. SufS owns a PLP cofactor in its active site which is essential for the cysteine 

desulfurase reaction12. In this study, we applied PLP inhibitor DCS and its enantiomer LCS 

to the desulfurase reaction of SufS to investigate the inhibitory effects and mechanism of 

cycloserine on SufS. The results show that both DCS and LCS inhibit the activity of SufS 

in the presence of SufE and LCS has a better inhibitory effect than DCS. The small-

molecular docking study of DCS and LCS into SufS shows LCS exhibits a better 

orientation towards the Schiff base of the PLP in the rest enzyme, which facilitates the 

transimination reaction. The UV-vis spectroscopic analysis shows that new species at 380 

nm and330 nm are formed after the incubation of DCS/LCS with SufS. The inhibition of 

SufS by DCS and LCS provides evidence for the possibility of inhibitors targeting the PLP 

of this important enzyme of Fe-S cluster biosynthesis. The further research on the 

inhibitory mechanism can be helpful to the design of more potent inhibitors against the 

PLP of this type of enzymes.  

            The kinetics of inactivation of DCS and LCS are quite different. DCS inactivates 

alanine racemase faster than LCS does, which makes it a better antibiotic (seromycine) in 

the therapy of tuberculosis14. In the inhibition of serine palmitoyltransferase, the IC50 of 
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LCS is much lower than that of DCS24. Our study shows that LCS is a better inhibitor than 

DCS in the cysteine desulfurase SufS in E. coli. However, in the inhibitory study of pSufS 

in Plasmodium falciparum, the IC50 of DCS to pSufS is 29 µM16, which is much lower than 

the IC50 of DCS from SufS in E. coli (1.98 mM). The chiral symmetry between DCS and 

LCS may account for the difference of the inactivation kinetics. The orientation of the 

nitrogen of cycloserine towards the Schiff base of PLP in the resting enzyme determines 

its inhibitory potential. After cycloserine binds to the active site of the enzyme, if the 

nitrogen from cycloserine is close enough to the Schiff base of the enzyme PLP for a 

nucleophilic attack, it is a good orientation for inhibition. Otherwise, the inhibitory effect 

is poor. We already used small-molecular docking of DCS/LCS into SufS to prove that 

LCS shows a better orientation towards the Schiff base of the PLP cofactor, which supports 

this explanation.  

            As a commonly used PLP inhibitor, a number of mechanisms of the cysloserine 

inhibition of PLP-dependent enzymes have been proposed26. One of a generally accepted 

mechanism is called “aromatization mechanism”. The incubation of cycloserine and PLP-

dependent enzyme results in a transimination reaction that leads to a cycloserine-PLP 

external aldimine. This external aldimine is not stable. After deprotonation, a stable 3-

hydroxyisoxazole-PMP adduct is formed and the cycloserine ring remains intact and 

covalently linked to the PLP cofactor. This stable adduct contributes to the irreversible 

inhibition of cycloserine to the PLP-dependent enzyme. This mechanism is called 

“aromatization mechanism”. In our UV-vis spectra of SufS and DCS/LCS, the specie at 

380 nm is formed at first. In the case of DCS, the 380 nm peak is formed slowly after the 

internal aldimine (420 nm) is degraded and no further shift is observed. However, in the 
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case of LCS, the 380 nm peak is formed quickly and shift to 320 nm. Based on the UV-vis 

spectroscopic analysis, an inactivation mechanism of DCS/LCS against SufS is proposed 

(Figure 4.15). The specie at 380 nm is cycloserine-PLP external aldimine and the specie at 

320 nm is 3-hydroxyisoxazole-PMP. The shift from 380 nm to 320 nm is caused by 

deprotonation. However, we did not observe the 320 nm peak in the DCS within 2 hours. 

The reason for that may be more time is needed for the formation of the final stable adduct 

because DCS is not in a good orientation for the transimination reaction. Further mass spec 

and crystallography are needed to identify the species at 380 nm and 330 nm in order to 

test this proposed mechanism.  

            The ultimate goal of the research on the inhibitor against SufS is to develop the 

design of a new class of antibiotics. The weakness of cycloserine as an inhibitor to the 

enzyme is its poor specificity. There are a variety of PLP inhibitors based on various 

mechanisms, some of which are very effective. However, the major challenge for PLP 

inhibitors is the specificity when they are used in vivo. Because PLP based enzymes are 

very common in the human body and are principally involved in cellular metabolism, the 

PLP inhibitor may disrupt the normal human cellular function while inhibiting the activity 

of SufS. To solve the problem of specificity of the traditional PLP based inhibitors, protein-

protein interactions (PPI) are new targets for inhibitor design27. This strategy has been used 

successfully to discover small molecular inhibitors of protein complexes such as Il-2/IL-2 

receptor28, LFA1/ICAM29, and P53/MDM230. Our future direction is: first, we will observe 

the growth of E. coli in the presence of DCS/LCS to investigate their inhibitory effect in 

vivo; second, we will investigate the PPI inhibitors that can inhibit SufS specifically.        
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Figure 4.15. Proposed mechanism of inhibition of DCS/LCS against SufS.  
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            The inhibition study reports for the first time that cysloserine DCS/LCS can inhibit 

the activity of SufS in the presence of SufE. Small-molecular docking study and UV-vis 

spectroscopic analysis are used to investigate the difference of the inhibitory effects from 

DCS and LCS. A possible inactivation mechanism is proposed. However, further work will 

be required to identify the species at 380 nm and 330 nm in order to confirm this 

mechanism. 
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APPENDIX A – SUPPLEMENTAL EXPERIMENTS AND RESULTS 
 

            Oxidative resistance of SufE_D74R in vivo 

            The interaction of SufS and SufE causes conformational change of the loop 

containing the active site Cys51 in SufE. It has been proved by our former HDX/MS 

experiment. According to the crystal structure of CsdA-CsdE complex that is homologue 

to SufS-SufE, this active site Cys loop may extend from its hydrophobic pocket to the 

active site loop of SufS. Asp74 of SufE is located close to this loop and forms a hydrogen 

bond with Gln54, which may stabilize the loop orientation of the active site Cys51 at the 

resting state. We mutated Asp74 to Arg to break this hydrogen bond. The result shows a 

better affinity of SufE_D74R to SufS. The interaction of SufS and SufE shows oxidative 

resistance. To check if SufE_D74R still keeps this ability, we constructed MG1655 ΔsufE. 

The plasmid pET21a containing sufE_D74R was transformed into this strain. The final 

optical density at 600 nm (growth) of MG1655 ΔsufE and MG1655 

ΔsufE/pET21a_sufD74R was measured after 20 hours in M9 gluconate minimal media with 

increasing concentrations of phenazine methosulfate (a generator of oxidative stress) 

(Figure A1). MG1655 ΔsufE/pET21a_sufE was added into this experiment as a control. A 

second control is the MG1655 ΔsufE strain containing the empty plasmid pET21a. The 

results show that SufE D74R still keeps the ability of oxidative resistance in vivo. 
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Figure A.1. Growth experiment of MG1655 ΔsufE/pET21a_sufE_D74R in the presence 
of oxidative stress. 
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            Sulfur transfer from SufE to SufB 

            The active site Cys51 of SufE accepts the sulfide from the active site Cys364 of 

SufE to become a persulfide, which is subsequently transferred to the SufB that is the Fe-

S cluster scaffold protein. This transfer of persulfide recycles SufE to participate in another 

reaction cycle with SufS. So SufBC2D further enhances the activity of the sulfur 

mobilization of the SufS-SufE complex. However, the interaction between SufE and SufB 

is not well characterized at the structural level. To address this question, we alkylated 

SufBC2D with iodoacetamide (IAA) to covalently block the solvent accessible free thiols 

on the surface that may accept persulfide from SufE. After IAA treatment, 13 of the 18 

total thiols were alkylated and did not react with DTNB (Figure A2). The alkylated 

SufBC2D cannot enhance the activity of SufS and SufE (Figure A3).  The alkylated 

SufBC2D cannot form Fe-S clusters when it incubated with SufS, SufE, and L-cysteine 

(Figure A4). When we added Na2S as the sulfur source, Fe-S clusters were formed (Figure 

A5).   

            Among the 13 thiols alkylated by IAA, MS/MS analysis revealed that 9 Cys from 

SufB, 1 Cys from SufD, and 2 Cys from the SufC dimer. The 5 cys residues protected from 

the alkylation based on the DTNB analysis and MS/MS are Cys332, Cys405, Cys414 from 

SufB and Cys295, Cys358 from SufD (Figure A6). We hypothesized that the Cys inside 

SufB may transfer sulfur from the surface to the location of Fe-S cluster formation. So we 

mutated both Cys405 and Cys414 to Ala (SufBC2D C405A/C414A) and checked if the 

mutant SufBC2D can still enhance the activity of SufS-SufE (Figure A7). The result shows 

that this mutant SufBC2D can still enhance the activity of SufS-SufE. There are two  
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Figure A.2. DTNB-detectable thiols in IAA-modified or unmodified SufBC2D measured 
under native or denaturing conditions. DTNB is a reagent that reacts with thiol group to 
yield a colored product, providing a reliable method to measure the number of the reductive 
Cys residues in protein. 
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Figure A.3. Enhancement of SufS-SufE cysteine desulfurase activity with SufBC2D (�) 
or SufBC2Dalk (�). 
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Figure A.4. Fe-S cluster reconstitution on SufBC2D (red line) or SufBC2Dalk (blue line) 
using SufS-SufE-L-cysteine as sulfur source.  
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Figure A.5. Fe-S cluster reconstitution on SufBC2D (red line) or SufBC2Dalk (blue line) 
using Na2S as sulfur donors. 
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Figure A.6.  Unalkylated Cys residues in SufBC2D.  (A)  Cys residues that were 
resistant to IAA modification identified by MS and MS/MS are mapped on the 
SufBC2D structural model in space filling.  (B)  Close up view of the SufB‒SufD 
interface where several of these protected cysteines are localized. 
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Figure A.7. Desulfurase activity of SufS and SufE in function of SufBC2D. The mutant 
SufBC2D is SufBC2D C405A/C414A. 
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possible explanations. The first is that Cys405 and Cys414 are not relative to sulfur 

transfer. The second is that the surface Cys of this mutant SufBC2D still accepts sulfur 

from SufE, which enhance the desulfurase activity. Further experiments are needed to 

clarify the role of Cys405 and Cys414 in the formation of Fe-S cluster. 

 

            Desulfurase activity of SufS-SufE in low/high activity SufBC2D 

            We found that SufBC2D can be divided into low activity and high activity 

according to the difference of its ATPase activity. We incubated SufS, SufE, and either 

low activity SufBC2D or high activity SufBC2D before we checked the desulfurase activity 

(Figure A8). The result showed both low and high activity SufBC2D can enhance the 

desulfurase activity of SufS-SufE. However, the low activity SufBC2D shows better 

enhancement than that of the high activity SufBC2D. The meaning of low/high ATPase 

activity of SufBC2D is still under research.  

 

            Influence of pH to the desulfurase activity of SufS-SufE 

            To detect the influence of pH to the desulfurase activity of SufS-SufE, we checked 

the activity of 0.5 uM SufS and 2uM SufE under various pH of the buffer (Figure A9). The 

result shows that the activity of SufS-SufE increases following the increasing of pH. The 

protein collapses under pH 10. In the reaction mechanism, there are two steps that needs 

deprotonation. The first step is that external aldimine loses a proton to become a quinonoid 

intermediate. The second step of deprotonation is that the active site Cys364 loses a proton 
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to accept the sulfide from ketimine. So the increased pH helps the deprotonation process, 

which enhance the desulfurase reaction. 
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Figure A.8: Desulfurase activity of SufS-SufE in function of high/low activity of 
SufBC2D. 

  



 

156 

 

 

 

Figure A.9. pH titration of desulfurase activity of SufS and SufE.  


