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Table S1. Strains, plasmids, and oligonucleotides used in this study. 
 

 #The restriction sites XbaI and EcoRI are shown in bold, ribosomal binding site sequence is shown in italics, and the 
start and the stop codons are shown underlined. 

 
 
Table S2. PCR conditions for amplification of lipase genes from Streptomyces exfoliatus DSMZ 41693. 

Step Temperature (ºC) Time 

1. Denaturalization 95       3 minutes 

2. Denaturalization  95 30 seconds 

3. Annealing 83 30 seconds 

4. Extension 72 55 seconds 

5. Repeat 17 cycles steps 2-4 decreasing 1 °C annealing 
temperature by cycle 

6. Denaturalization 95 30 seconds 

7. Annealing 58-72 30 seconds 

8. Extension 72 55 seconds 

9. Repeat 20 cycles steps 6-8 increasing 1 s annealing time by 
cycle 

10. Extension  72         10 minutes 

 

Strain Relevant description or sequence Reference 

Streptomyces exfoliatus DSMZ 41693 Producer of lipases  [26] 
Escherichia coli DH5α Host for recombinant plasmids 

F– φ80lacZΔM15 Δ(lacZYA-argF)U169 recA1 
endA1 hsdR17(rK

–, mK
+) phoA supE44 λ– thi-1 

gyrA96 relA1 

[101] 

Rhodococcus sp. T104 KACC 21099 Host for gene expression (Kns) [102] 
Rhodococcus sp. T104 KACC 21099 pENV19SeLipA Rhodococcus sp. T104 KACC 21099 recombinant 

strain harboring the plasmid pENV19SelipA 
This study 

Rhodococcus sp. T104 KACC 21099 pENV19SeLipB Rhodococcus sp. T104 KACC 21099 recombinant 
strain harboring the plasmid pENV19SelipB 

This study 

Rhodococcus sp. T104 KACC 21099 pENV19SeLipC Rhodococcus sp. T104 KACC 21099 recombinant 
strain harboring the plasmid pENV19SelipC 

This study 

Rhodococcus sp. T104 KACC 21099 pENV19SeLipD Rhodococcus sp. T104 KACC 21099 recombinant 
strain harboring the plasmid pENV19SelipD 

This study 

Plasmids   

pENV19 
Shuttle vector for E. coli-Rhodococcus with the 
constitutive permE* promoter (5.1 Kb, KnR 
pAL5000ori permE* ColE1ori) 

[35,37,38] 

pENV19SeLipA 
pENV19 containing lipA gene from S. exfoliatus 
DSMZ 41693 

This study 

pENV19SeLipB 
pENV19 containing lipB gene from S. exfoliatus 
DSMZ 41693 

This study 

pENV19SeLipC 
pENV19 containing lipC gene from S. exfoliatus 
DSMZ 41693 

This study 

pENV19SeLipD 
pENV19 containing lipPs gene from S. exfoliatus 
DSMZ 41693 

This study 

Primers Sequence (5’→3’)#  

SeLipAFWsp GCTCTAGAGAGGACGACTCCGTCATGAAACGACAC This study 

SeLipAREV GGAATTCTCAGGAACCGAGCGGGCAGGTG This study 

SeLipBFWsp GCTCTAGAGGAGGTTCCATGAGACTGTCC This study 

SeLipBREV GGAATTCCTACGCCGCCCCGTTG This study 

SeLipCFWsp GCTCTAGACAGTCGTGGCTGGAACGACTGGTCCTGCAAGCCC This study 

SeLipCREV GGAATTCCCTAGCCGATCACCGAGAGGCAGGTGGTCGGGGTCG This study 

SeLipDFW GCTCTAGAAGGAGTTCCTATGTCAGGGAG This study 

SeLipDREV GGAATTCTCAGGCCGTGGGACCGGGAATCTG This study 



Table S3. pNP-ester hydrolytic specific activity in the culture broth of the recombinant strains. 

pNP-esters (number of carbon atoms in 
acyl chain) 

Specific activity (IU/mg protein) 

SeLipA SeLipB SeLipC SeLipD 

pNP-acetate (C2) n.d. n.d. n.d. n.d. 

pNP-butyrate (C4) 0.9 n.d. 0.9 n.d. 

pNP-valerate (C5) 2.5 n.d. 2.5 n.d. 

pNP-hexanoate (C6) 3.1 n.d. 6.5 n.d. 

pNP-octanoate (C8) 4.8 n.d. 13.3 n.d. 

pNP-decanoate (C10) 8.0 n.d. 17.2 n.d. 

pNP-laurate (C12) 7.1 n.d. 12.8 n.d. 

pNP-myristate (C14) 4.8 n.d. 9.5 n.d. 

pNP-palmitate (C16) 5.3 n.d. 12 n.d. 

pNP-stearate (C18) 4.6 n.d. 7.8 n.d. 

n.d.: not detected 

 
Table S4. Purification of SeLipC produced by Rhodococcus pENV19SeLipC by hydrophobic interaction chromatography (HIC). 

Step V 
(mL) 

Activity 
(IU) 

Protein 
concentration 

(mg/mL) 

Total 
protein 

(mg) 

Specific 
activity 
(IU/mg) 

Purification 
factor (fold) 

Yield (%) 

Broth 700 1356 0.163 114.1 12 1 100 
Broth (NH4)2SO4 740 1202 0.151 111.7 11 0.9 89 

HIC 92 245.7 0.023 2.12 116.6 3.6 17.2 
Dialysis 140 240.8 0.007 1.04 232.4 7.2 16.9 

Table S5. Effect of different reducing agents on SeLipC activity. 

Chemical reagent Concentration Residual activity (%) 

No addition - 100.0 ± 7.2 

Dithiothreitol (DTT) 1 mM 94.9 ± 6.0 

10 mM 101.6 ± 5.7 

2-Mercaptoethanol 1 mM 99.8 ± 1.9 

10 mM 99.4 ± 2.9 

Table S6. Effect of chemical modification with PMSF on SeLipC. 

Chemical reagent Concentration Residual activity (%) 

In absence of substrate (active site not protected) 

No addition - 100 ± 2.6 
PMSF 1 mM 84.7 ± 3.5 

10 mM 51.2 ± 5.5 

In presence of substrate (active site protected) 

No addition - 100 ± 0.5 
PMSF 1 mM 100.5 ± 1.2 

10 mM 90.0 ± 1.3 

 

Figure S1. Predicted 3D structures of hypothetical lipases from Streptomyces exfoliatus DSMZ 41693. A. SeLipA; B. SeLipB; 
C. SeLipC; D. SeLipD. Models were obtained by RoseTTAFold program [29] and their structures were visualized by PyMOL 
program (Schrodinger, LLC, version 2.5).  



 
Figure S2. Peptide mass fingerprinting of SeLipC obtained by MALDI-TOF analysis. The protein was identified as a lipase 
from Streptomyces exfoliatus (gi|639917083) after peptide matching process using MASCOT Software (Score 659). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. Determination of the molecular mass of SeLipC by MALDI-TOF. Mass spectrum recorded with 0.127 mg/mL of 
pure lipase. 

 



 

 

 

 

 

 

 

 

 

Figure S4. Michaelis-Menten hyperbola plot for the determination of kinetic parameters of SeLipC using pNPP as 
substrate. Conditions: 200 µL assay volume, 0.05 μg/mL of enzyme (1.81 nM), assay time 10 min, 37°C, 50 mM Tris HCl 
pH 8.0, 0.01% gum arabic and 0.02% sodium deoxycholate. KM = 49.6 ± 11.2 µM and Vmax = 1.24 ± 0.08 × 10-3 µmoles/min 
(kcat = 57 s-1 and kcat / KM = 1.15 × 106 s-1·M-1). 

 

 

 

 

 

 

 

 

Figure S5. Analytical ultracentrifugation analysis of SeLipC: c(s) distribution as a function of sedimentation coefficient (S). 
Experiment was performed with 0.320 mg/mL of pure lipase, and the presence of two main species with sedimentation 

coefficient (S) values of 1.9 and 2.7 were observed. These values are compatible with the presence of monomers and 

dimers with spheroid oblate-shape in both forms. 


