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ions and they are essential for active expression of nitrile hydratases. Compared with nitrile hydratases, the activators have a
low sequence identity. Study of the activation characteristics and the relationships between structures and functions of the
activators is of great significance for understanding the maturation mechanism of nitrile hydratase. We co-expressed
low-molecular-mass nitrile hydratase (L-NHase) from Rhodococcus rhodochrous J1 with four heterologous activators
respectively and determined their activation abilities. Then we made sequence analysis and structure modelling, and studied
the functions of the important domains of the activators. Results showed that all four heterologous activators could activate
L-NHase, however, the specific activities of L-NHases were different after activation. L-NHase showed the highest specific
activity after being activated by activator A, which was 97.79% of that of the original enzyme, but the specific activity of
L-NHase after being activated by activator G was only 23.94% of that of the original enzyme. Activator E and activator G had
conserved domains (TIGR03889), and deletion of their partial sequences resulted in a substantial loss of activation abilities for
both activators. Replacing the N-terminal sequence of activator G with the N-terminal sequence of activator E, and adding the
C-terminal sequence of activator E to the C-terminus of activator G could increase the specific activity of L-NHase by
178.40%. The activation by nitrile hydratase activators was universal and specific, and the conserved domains of activators

were critical for activation, while the N-terminal domain and C-terminal domain also had important effects on activation.

Keywords: nitrile hydratase, activator, structure modelling, protein domain
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Tablel Plasmids used in this study

¥ L-NHase [ 3 ik Jii K. pBAL -NHaseEnass -
PBA NHaseEca27+ PBAL NHaseEAWE-YY « PBAL NHaseGNex
PBA NHaseGcadd« PBAL-NHaseGNexcadd 1 PBAL-NHase
Gawe-vy, BWEFTHSI9 0L 2. ¥ PCR r=# ik
J&, F Dpn T #EATEEY), THACBAR TR, SR 4%
& E. coli DH5or J%52 25 4t 31000 e 353k
1.2.3 L-NHase &k 54k

BT Tk 4k E. coli BL21 (DE3) Bz 4541
Jif, PRI 75 % 5 mL LB $5375E, 37 *C . 200 r/min
BR 8 h . KR TR 1% (VIV) s
100 mL 2xYT £3#35E, 37 C. 200 r/min 5 £
ODeoo M 0.6-0.8, MIAZUKEL N 0.4 mmol/L 1) 57
WEBm A LI (PTG) L& 0.1 g/L 11
CoCly-6H,0, 7£ 24 CH T i3k 16 h,

L-NHase [ B W3t C @& T Strep tag
(WSHPQFEK), &l It R FH 3 F1 2 T 14 O v %o Ik
frafifk. B E O R IA4I M (10 000 r/min,

Plasmid Description Source
pET-24a(+) E. coli expression vector, T7 promoter, Kan' Lab stock
pRrH-NHase pET-24a(+) with H-NHase from Rhodococcus rhodochrous J1 Lab stock
pPpNHase pET-24a(+) with NHase from Pseudomonas putida NRRL-18668 Lab stock
pCtNHase pET-24a(+) with NHase from Caldalkalibacillus thermarum TA2.A1 Lab stock
pPtNHase pET-24a(+) with NHase from Pseudonocardia thermophila JCM3095 Lab stock
PBA NHaseE pET-24a(+) with B subunit, o subunit, activator E Lab stock
PBA L NHase pET-24a(+) with B subunit, o subunit Lab stock
PBA| NHaseG pET-24a(+) with B subunit, a subunit, activator G This study
PBA| .NHaseP pET-24a(+) with B subunit, a subunit, activator P This study
PBA| NHaseC pET-24a(+) with B subunit, a subunit, activator C This study
PBA| NHaseA pET-24a(+) with B subunit, a subunit, activator A This study
PBA | .ntaseEnass  Derived from pBA  nwasE by deleting 35 N-terminal amino acids of activator E This study
PBA | NHaseEcaz? Derived from pBA_ nuascE by deleting 27 C-terminal amino acids of activator E This study
PBA ntaseEawe.yy Derived from pBA .nwaseE by deleting 47 conserved domain amino acids of activator E~ This study

Derived from pBA|_nnaseG by exchanging N-terminal amino acids of activator G This study
PBAL Nriase Gex with activator E
PBAL ntaseGeadd Deriv_ed from pBA | .nHaseG by adding 27 C-terminal amino acids of activator E This study
to activator G
Derived from pBA | .nHaseGnex Dy adding 27 C-terminal amino acids of activator E This study
PBALNHaseGNexcast 1 activator G
PBA| NHaseCawe.yy Derived from pBA| nHaseG by deleting 41 conserved domain amino acids of activator G This study
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Fig. 1 Gene structures of the original L-NHase and the
heterologous activator L-NHases.
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Table 2 Primers used in this study

Primer name Primer sequence (5'-3") Size (bp)
BA-F AGCTCCGTCGACAAGCTTGC 20
BA-R TCAGGCCTTGCTGGGTGTGG 20
RrG-F CCCCACCACACCCAGCAAGGCCTGAAAGGAGATATAGATATGAGCGAAGATACCCTGAC 59
RrG-R CGGCCGCAAGCTTGTCGACGGAGCTTTAATCAATAATGGCCATACTTTCCATACGTTC 58
PpP-F CCCCACCACACCCAGCAAGGCCTGAAAGGAGATATAGATATGAAAGACGAACGGTTTCC 59
PpP-R CGGCCGCAAGCTTGTCGACGGAGCTTCAAGCCATTGCGGCAACGAC 46
CtC-F CCCCACCACACCCAGCAAGGCCTGAAAGGAGATATAGATATGGAGAAAAATTGCGTGAGCCAG 63
CtC-R CGGCCGCAAGCTTGTCGACGGAGCTTTAAAAAAACTCATCGCGTTCGCCG 50
PtA-F CCCCACCACACCCAGCAAGGCCTGAAAGGAGATATAGATATGAGCGCTGAAGCCAAAGTG 60
PtA-R CGGCCGCAAGCTTGTCGACGGAGCTTTAGCTGCGAACTGCCGGATG 46
ENdele35-F CTGAAAGGAGATATAGATATGGCCTTCGATCAGGCCTGGGAG 42
ENdele35-R CATATCTATATCTCCTTTCAGGCCTTGCTGGGTGTGG 37
ECdele27-F GGTGCTGGCAACGCCCTGAAGCTCCGTCGACAAGCTTGC 39
ECdele27-R GGGCGTTGCCAGCACCTGCTCGGTAC 26
EdeleWE- TTCGATCAGGCCGAGCGTTGGATGCTCGCACTCGAA 36
YY-F

EdeleWE- CATCCAACGCTCGGCCTGATCGAAGGCGACCTCGCC 36
YY-R

GNex-F ACCCAGCAAGGCCTGAAAGGAGATATAGATATGCCCCGACTCAACGAACAACCCCACCCGG 156

GNex-R
GCadd-F

GCadd-R
GdeleWE-
YY-F
GdeleWE-
YY-R
Pg-16S-F
Pg-16S-R
Pg-B-F
Pg-B-R
Pg-A-F
Pg-A-R
Pg-G-F
Pg-G-R
Pg-P-F
Pg-P-R

GTCTCGAAGCCAACCTCGGCGACCTGGTACAGAATCTGCCGTTCAACGAACGAATCCCCCGC
CGCTCCGGTGAACTGGTTTTTACCGAACCGTGG
CTGATCGCTCAGTGCAATGGC 21

GAAAGTATGGCCATTATTGATGCCGGCGCCCATCACCAGCACGCCGTGCGTGATCCCATCGCCGT 127
GCACGCCATCGGCACACGCACCACTGACTCCGACGGGTAAAGCTCCGTCGACAAGCTTGCGG

TTTGTTAGCAGCCGGATCTCAGTG 24
GGTGAACTGGTTTTTACCGAACCGGAAAGTTGGACCAAAGCACTGG 46
CGGTTCGGTAAAAACCAGTTCACCATTATCACGAGGAGGTGC 42
TAATACCTTTGCTCATTG 18
CCAGTAATTCCGATTAAC 18
TTCAATCTCGACCAGTTC 18
ATCCAGTGCTCGTAGTAT 18
CAGGGCGAAGAAATGGTC 18
ATAGCACGAGCACAAGGTA 19
CGTCTGATTCATAGCATT 18
CCACTATCAACAACACTT 18
TGTGTTTGACGAGCCTTG 18
TTCCACTGAAAGAGACCG 18

med.umich.edu/C-QUARKY/); & H IR PEME (9 £ B Ead;

FI M 3 SAVES v5.0 (https://servicesn.mbi.ucla.
edu/SAVES/)H 15 Verify 3D PROCHECK

*%J_‘%_‘O

2.1 RiEEEFX L-NHase 89 E1E A
ST WFSE SRS T L-NHase 193800 1k
F, DL I0OE T E 19 BALNHase TE R XTRE, IE%
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kT BALNHaseE P BLTE T E 05 & ek
RrH-NHase . PpNHase, CtNHase DA PtNHase
IS G, P, C fil A, W& T BALNHasG -
BA| NHaseP « BALNHaseC Fll BAL NHaseAo K & i
5 S UEHOE T L-NHase 7E KIatF ik, 8
i B I C diHi A HY Strep SEAZMFR%s, VAT
L-NHase [J4ifk, 253K 2 Frn. G Fr8
B AT X L-NHase 93357 A3 K52, v LA
KENPIEF E. CHI A MW, (HEEF G R P
1A 2 36 1 0 AN

T RMEE T G AP R RAKN, X
BAL NHaseG Fll BAL-NHaseP #E17 qPCR S256: , 43 71
BT BALNHaseG T 16S rRNA ., B FJE . o WHEAN
G G M RILIKF, LK BALNHsP H

16S rRNA. B 3. o W IEFILNE T P B9 5K
o SERANE 3 FiR, BRI o WIAKTE T G
(B P) 1y CEMMR T KIBHAF I NI 16S rRNA,
UL B WL . o WIEFIPE T G (3 P) ¥ T
K WIS T G (B P) By CflS p WHEA o
WIEFA—5, ULHIIE F G (3 P) 7EFE 5E/KF
b5 B IR o WIEFE T2 T AR AT A5,
BE T G FI P JCEE7E SDS-PAGE b i#EA#& I, Af
e FE S HMFUAEE . PRI A G,

T Ao R O TR I T R S S TR
76 F L-NHase A9 HCEETE , DAL 2 AE AN [R] S 5 0 i
& F X} L-NHase (#GEER . WKl 4 Fros, fEdt
RIS FRYE LR, L-NHase B9 FCBEE ST
X HE BAL NHase B9 FUERTS (120.10+2.13) U/mg, it

2 SDS-PAGE 4 # iR i& F L-NHase By FRiEFI4 1L

Fig. 2 SDS-PAGE analysis of the heterologous activator L-NHases. (A) SDS-PAGE of the cell-free extracts. 1: marker;
2: control; 3: BAL NHase; 4: BAL NHaseE; 5 BAL NHaseG; 6: BAL NHaseP; 7 BALNHaseC; 8: BAL NHaseA. (B) SDS-PAGE of the
pUrified enzymes. 1 marker; 2. BAL-NHase; 3: BAL-NHaseE; 4: BAL-NHaseG; 5: BAL»NHaseP; 6: BAL-NHaseC; 7. BAL»NHaseA' The
red arrows indicate the bands of the activators.

A B
25 ¢ ) 251
20 + 20 +
EREL EREE
< [+
- -
U" 10 r LJ" 10 r
5 5t
0 Uad = s & 0 o -5, X (¢
SE SIS
3_% R Q}oﬂ § o & {5\0&
& 3 3 N & & & o~
& Q & 29\ S Q > o

3 BAL-NHaseG‘ *ﬂ BAL-NHaseP quﬂqﬁj‘ﬁi% PCR
Fig. 3 gPCR of BA_ .nHaseG and BA nhaseP- (A) C; value of 16S rRNA, B subunit, a subunit and activator G in
BA_ nHaseG. (B) C; value of 16S rRNA, B subunit, a subunit and activator P in BA | nHaseP-
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Fig. 4 Specific activities of the heterologous activator
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Fig. 6 Multiple sequence alignment of activator E, G, P, C, A and B subunit of L-NHase. The conserved domain (TIGR03889)
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Fig. 7 Three-dimensional models of activator E (green) and activator G (blue).
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indicates the band of the activator.
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