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Materials and methods

1. Chemical reagents

The 99% pure 5-cyanovaleramide (5-CVAM) was purchased from Toronto Research
Chemicals Inc., Canada. Adiponitrile (ADN), adipoamide, malonitrile and
malonamide were bought from Sigma-Aldrich Co., USA. Succinonitrile,
terephthalonitrile,  phthalodinitrile, cyanoacetamide, 4-cyanobenzamide, 2-
cyanobenzamide, phthalamide and terephthaldiamide were from Tokyo Chemical

Industry., Japan. All other chemicals were obtained commercially.
2. Strains, plasmids and Site-directed mutagenesis

Plasmid pET-24a carrying the NHase genes from Pseudomonas putida NRRL-18668
and Comomonas testosteroni 5-MGAM-4D were synthesized by Shanghai Gene Core
Biotechnologies Co., Ltd.! Site-directed mutagenesis to change amino acid residues in
the B-subunits of PpNHase and CfNHase was carried out by means of a whole
plasmid PCR protocol.? For each variant of PpNHase and CrfNHase, plasmids
carrying PpNHase and CfNHase genes were used as the template respectively. The
primers were shown in Table S3. All the PCR products were transformed into

Escherichia coli JM109.

3. Expression and purification of enzymes

E. coli strain BL21 (DE3) was used for expression of wild-type PpNHase, CfNHase
and all their variants. Each strain was grown at 37 C in 2YT medium containing

CoCl,6H,O  (0.05g/L) and kanamycin  (50mg/mL). Isopropyl B-D-

thiogalactopyranside (IPTG), as an inducer, was added to a final concentration of

0.4mM after the Aggy reached 0.8. The cells were incubated at 24 ‘C for 16 h, then.

All purification steps were carried out at 0°C-4°C using the AKTA purifier (GE

Healthcare UK Ltd). Potassium phosphate buffer (KPB, 10mM, pH 7.4) containing
0.5mM dithiothreitol (DTT) was used in the entire purification process. The cell

extraction was prepared through ultrasonics. Centrifugation was performed for 20 min
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at 18,000xg, and NHase was partially purified using ammonium sulfate fractionation
(40-75%). Desalinized was then carried out by dialysis against KPB buffer; the
dialyzed solution was applied to a Hitrap Q HP column (GE Healthcare UK Ltd). The
protein was eluted from the column with elution buffer (a linear gradient from 0 to
0.5M KCL in KPB) and then applied to Superdex 200 10/300 GL (GE Healthcare UK
Ltd). The fractions containing the enzymes during the whole purification steps were

analyzed by SDS-PAGE.
4. Enzymatic assay

The regioselectivity of NHase towards adiponitrile was assayed in a reaction mixture

(0.5ml) comprising 10mM KPB (pH 7.5), 20mM adiponitrile, and 10uL of the

enzyme with a concentration of 0.2mg/ml. The reaction was performed at 35°C for 4h

and stopped by the addition of 0.5ml of methanol. The amounts of 5-CVAM and
ADN were determined using high-pressure liquid chromatography (HPLC) (Hitachi,
Tokyo, Japan) with a HITACHI LACHROM C18 (5UM) column. The following
solvent system was used: 25mM H;PO, buffer (pH 2.5) and methanol (89.01:10.09
vol/vol), at the flow rate of lml/min. The wavelength of 210nm was used for

monitoring.? The kinetic parameters for ADN and 5-CVAM hydration by wild-type

PpNHase, CfNHase and their variants were determined in 10mM KPB at 35°C, and

the concentration of the enzyme was 0.3mg/ml. The concentration of ADN and 5-
CVAM were 2-100mM and 5-600mM respectively. The results were calculated by
Michaelis-Menten equation model. 20mM malonitrile/50mM succinonitrile was
added into the same reaction mixture above while determining the regioselectivity of
NHase towards malonitrile and succinonitrile. The reaction was stopped by the
addition of 0.5ml of acetonitrile. The HPLC solvent system was acetonitrile /5SmM
K,HPO4/ H3POy4, pH 2.9, 7:12 (by vol.). The monitoring wavelength was 223nm.* The
regioselectivity of NHase towards terephthalonitrile and phthalodinitrile was assayed
by adding 2mM terephthalonitrile /6mM phthalodinitrile to the reaction mixture

described above, the following HPLC solvent system was used:



water/acetonitrile/acetic acid = 2250/750/15 (ml), sodium 1-octanesulfonate 6.45 g.

The wavelength of 254nm was used for monitoring.>
5. LC-MS analysis of 3-cyanopropionamide

The mass of 3-cyanopropionamide was determined using WATERS ACQUITY
UPLC and WATERS MALDI SYNAPT Q-TOF MS instruments. The UPLC analysis
was performed using a CSH C18 2.1X100mm 1.7um column. The following solvent
system was used: 9 minute for acetonitrile/0.1% formic acid, 1:49 (by vol.), 11
minutes for acetonitrile/0.1% formic acid, 3:7 (by vol.) and 13 minutes for 100%
acetonitrile. The flow rate was 0.3ml/min. The wavelength from 200-600nm was used
for monitoring. Mass spectrum determination was performed in positive electrospray

ionization (ESI) mode. The mass spectrometer was operated with a capillary voltage

of 3500 V, the sampling cone at 20 V and the source block at 100°C and the collision

energy (CE) was 6 eV.

6. Circular dichroism measurement and computational design

methods

Circular dichroism (CD) spectrum analysis was performed on the MOS-450/AF-CD-
STP-A instrument at a protein concentration of 0.2mg/ml in 10mM KPB buffer.
Wavelength scans were run from 195 to 250nm to detect the second structure of wild-
type NHases and their variants. The 3D-structure model of NHase from Comomonas
testosteroni 5-MGAM-4D was generated using Modeller software® based on the
crystal structure of NHase from Pseudomonas putida NRRL-18668 (PDB ID: 3QXE).
Models of all the mutants were constructed by Modeller as well. Structures with the
lowest DOPE scores and the highest GA341 scores (GA341 = 1.000) were selected.
CHARMmM force field” was applied to all the structures and Accelrys Discovery
Studio 2.5 was used to minimize structure energy. The substrate access tunnels of
NHases were calculated and presented by CAVER analyst 1.0.%8 The Min. probe

radius was 0.9 A and the shell depth was 4 A. The tunnel starting point was the



geometric center of NHase active site (C-T-L-C-S-C). The surface presentation of

NHase was done using Pymol software with the default solvent radius.’



7. Supplementary Tables and Figures

8. Tables

Table S1. Regioselectivity of NHases and their variants towards 4-cyanobenzamide and

terephthalamide.
Enzyme 4-cyanobenzamide (%)  Terephthalamide (%)
PpNHase-WT 72.6 27.4
L37F 70.4 29.6
L37W 77.6 22.4
L37Y 92.2 7.8
CfNHase-WT 14.9 85.1
F37L 17.0 83.0

F37p 14.9 85.1




Table S2. Regioselectivity of NHases and their variants towards 2-cyanobenzamide and

phthalamide.
Enzyme 2-cyanobenzamide (%) Phthalamide (%)
PpNHase-WT 96.3 3.7
L37F 95.4 4.6
L37W 97.8 2.2
L37Y 97.6 2.4
CfNHase-WT 96.1 39
F37L 97.6 2.4

F37pP 98.0 2.0




Table S3. PCR primers for cloning and site-directed mutagenesis with mutanted bases

undelined. Only the primers used for the selected variants were shown.

Construct Primer Sequence (5’-37)
PpNHase-WT GAAAAAACGGTCATGTCCCTGCTCCCGGCGCTGCTCGCCAACGGC
L37F LF_up GAAAAAACGGTCATGTCCCTGTTTCCGGCGCTG
LF_down GCCGTTGGCGAGCAGCGCCGGAAACAGGGACAT
L37W LW_up GAAAAAACGGTCATGTCCCTGTGGCCGGCGCTG
LW_down GCCGTTGGCGAGCAGCGCCGGCCACAGGGACAT
L37Y LY _up GAAAAAACGGTCATGTCCCTGTATCCGGCGCTG
LY_down GCCGTTGGCGAGCAGCGCCGGATACAGGGACAT
CfNHase-WT GAAAAAACGGTCATGTCCCTGTTTCCGGCGCTGTTCGCCAACGGC
F37L FL_up GAAAAAACGGTCATGTCCCTGCTCCCGGCGCTG
FL_down GCCGTTGGCGAACAGCGCCGGGAGCAGGGACAT
F37P FP_up GAAAAAACGGTCATGTCCCTGCCGCCGGCGCTG

FP_down

GCCGTTGGCGAACAGCGCCGGCGGCAGGGACAT




9. Figures
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Fig S1. Regioselective hydration of dinitriles to their corresponding amides by NHase. All

the substrates and products referred in this paper are shown.
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Fig S2. Conversion of ADN at 35°C by purified NHase in KPB buffer (pH 7.4, 10mM). a.
Conversion of ADN by the wild-type PpNHase; b. Conversion of ADN by the L37Y mutant
of PpNHase; c. Conversion of ADN by the wild-type CfNHase; d. Conversion of ADN by the
F37P mutant of CtfNHase. ADN was added in a concentration of 20mM. Samples were

analyzed by HPLC. The percentage of products 5S-CVAM and ADAM is related to the
concentration of ADN as 100%.

11



1 ,20 40 X 80
P. putida (1) MGOSHTHDHHHDGYQAPPEDIAT RVKAT ESLL I EKGLVDPAAMDLVVOTYEHKVGPRNGAKVVAKAWYDPAYKARTLIADG
C. testosteroni (1) MGOSHTHDHHHDGYQAPPEDTAT RVKALESLLIFKGLVDPAAMDLYVOTYEHKVGPRNGARVVAKANVDPAYKARLLADG

81 100 120 140 160
P. putida 81 TAGIAELGFSGVQGEMIWPA%JCTES@WMLPPAM YRSRMVSDPRGVLAEEGLVIPF
C. testosteroni  (81) TAGIAELGFSGVQGEDMY ILENTPA VCTLCSCYPWPTLGLPPAWYKABPYRSRMVSDPRGVLAEFGLVIPAEKET
161 180 240
P. putida (161) RVWDITAELRYMVLPERPAGTEAYSEEQLAELVIRDSMIGTGL PTPSHMNGIHDI‘GGAHGYGPVYREPNEPVFRYW
C. testosteroni ( 160) RVADTTAELRYMVLPERPAGTEAY SEEQLAELVTRDSMI GTGLEIOPTPSHMNGI HDTGGAHGYGPVYREPNEPVERYDW
241 1260 280 ,300 320
P. putida (241) EKTVMSLEPAT BANGNENLDE i P STYYEHW, VEKGVLTA%EQT GKTATEPVLTPA
C. testosteroni (240) EKTVMSLEPAT BANGNENLDE TERVNP! CTYYEHW I VEKGVLTATERAT SCKTATPVLIPA
321 340 ,360 ,380 400
P. putida ) VDG LS TCAS AAREE GARARE AV CORV RV T NEN DV CH T RUPRY TRORVG TV T DHGVE Y T PO T AAHCR POV Y TVS
C. testo: sleronl 9) IVDGLLSTGASAAREEGARARFAVGDKVRVLNKNPVGHTRMPRY TRGKVGTVY I DHGVEVTPDTAAHGKGEHPQHVYTVS

401
P. putida (401) FTSVELWGQDASSPKDTIRVDLWDDYIEP
C. testosteroni (399) FTSVELWGQDASSPKDTTRVDLWDDYLEP

Fig S3. Sequence alignment of NHases from P. putidaNRRL-18668 and C.testosteroni 5-
MGAM-4D. Gaps in the aligned sequences were indicated by lines. Seventeen distinct amino

acids were highlighted in grey.
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Fig S4. Identification of 3-cyanopropionamide. A: HPLC analysis of product of succinonitrile
by wild-type PpNHase. B: TOF MSMS ESI+ chromatogram of 3-cyanopropionamide. The

product of succinonitrile by wild-type PpNHase was characterized by LC-MS since we failed to

obtain 3-cyanopropionamide commercially. The electrospray ionization mass spectrometry

analysis indicated the presence of 3-cyanopropionamide because of the observation of a fragment

at m/z 99.0860 (the mass of 3-cyanopropionamide, C;HsON,, equals to 98 approximately).
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Fig S5. HPLC analysis of enzyme regioselectivity of wild-type PpNHase (A) and its variants
L37W (B), L37F(C) and L37Y (D) towards succinonitrile. Column C18; flow rate 1ml/min;
mobile phase: acetonitrile /5SmM K,HPO,/ H;POy4, pH 2.9, 7:12 (by vol.); succinamide = 5.01min,
3-cyanopropionamide = 5.65min.
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Fig S6. HPLC analysis of enzyme regioselectivity of wild-type CfNHase (A) and its variants
F37L (B), F37P (C) towards succinonitrile. Column C18; flow rate 1ml/min; mobile phase:
acetonitrile /SmM K,HPO,/ H;PO,, pH 2.9, 7:12 (by vol.); succinamide = 5.0lmin, 3-

cyanopropionamide = 5.65min.
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Fig S7. CD spectra of wild-type PpNHase, and its variants L37F and L37Y. The data
monitored in the far UV region (195-250nm) are shown.
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Fig S8. CD spectra of wild-type CfNHase , and its variants F37P and F37L. The data

monitored in the far UV region (195-250nm) are shown.
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tes were shown in sticks. A:
Crystal structure of PpNHase (PDB ID: 3QXE). Orange cartoon represented o subunit of
PpNHase, B subunit was colored in magenta. The BLeu37 residue was shown as green sticks. B:
Modeled structure of CfNHase. Cyan cartoon representedo subunit of PpNHase, B subunit was
colored in green. The BPhe37 residue was shown as red sticks.
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