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Influence of Tyr78-loop on phenylalanine ammonia-lyase from
Anabaena variabilis
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Abstract: [Background] Enzymatic property of the MIO-dependent (methylidene-imidazol-5-one)
enzyme is significantly affected by the flexibility of the special loop that includes the catalysis Tyr
(Tyr78-loop). [Objective] The effect of Tyr78-loop on activity of phenylalanine ammonia-lyase
(PAL) from Anabaena variabilis was investigated to improve PAL catalytic activity. [Methods]
Tyr78-loop was genetically modified. Positive mutants with enhanced activity were selected,
followed by characterization. [Results] The specific activities of S73N, E95V, E95K and
S73N/E95K mutants were improved by 34%, 30%, 18% and 35%, respectively, compared with that
of the wild type at 37 °C and pH 8.5. According to protein structure simulation, the amino acid sites
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Asn73, Val95 and Lys95 in the mutants S73N, E95V and E95K, which located at the junction of
a-helix and Tyr78-loop, had fewer hydrogen bonds with the nearby amino acids. This would increase
the flexibility of Tyr78-loop and result in enhancement of the enzyme activity. [Conclusion]
Catalytic activity of AvPAL could be improved by increasing the flexibility of Tyr78-loop through

mutation on the Ser73 and GIlu95 sites.

Keywords: Phenylalanine ammonia-lyase, Activity, Site-directed mutagenesis, Stability
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: Tyr78-loop 1173
(IPTG) ( ) 4°C
Oxford PCR Dpn I
E. coli
(mmol/L) Na,HPO,50 NaH,PO,50 JM109 50 mg/L
NaCl 500 Imidazole 20 LB 37 °C
AKTA HisTrap HP 1 mL E. coli BL21(DE3)
Superdex 75 10/300GL 1.2.2 AVPAL REZRTRHRIE
5mL
1.2 HE (50 mg/L) LB 37 °C
121 RTTIRPEE 200 r/min 8-10h 1mL 100 mL
Primer 5.0 (1 2YT 37 °C 200 r/min
pET28a(+)-pal PCR ODgyp 0.8-1.0 IPTG
PCR 5xPrimeSTAR buffer (5 mmol/L 0.4 mmol/L 20 °C 16-18 h 5 000xg
Mg?* plus) 10 uL  dNTP mixture (2.5 mmol/L) 4 L 10 min -80°C
(10 mmol/L) 1 uL pET28a(+)-pal 123 AvPAL By&hft
(1 ng/uL) 1 pL  PrimeSTAR HS DNA 20 mL
polymerase (2.5 U/uL) 0.5 pL 50 puL ( 3s 7s 40 min)
PCR 95 °C 5 min 95 °C 1 min 13 000xg 25 min
58°C30s 72°C8min 25 72 °C 10 min 0.22 um HisTrap HP

*®1 AXFRAS
Table 1 Primers used in this study

Primers name

Sequences (5'—3')

TGTGATTACATTAATAATGCTGTTGAATCTGACAACAGTG
Loop up TCTACGGTGTCACGACCGGCTTCGGCGGCTCGGCAGACAC

CCGGACGGAGGACGCGATCTCTGAACTCCAAACCAACTTA

GAACCAAACTAAGTTGGTTTGGAGTTCAGAGATCGCGTCC

Loop down

S73N up
S73N down

E75T up
E75T down
P76D up
P76D down
177V up
177V down
177S up
177S down
177A up
177A down

CCGTCCGGGTGTCTGCCGAGCCGCCGAAGCCGGTCGTGA
CACCGTAGACACTGTTGTCAGATTCAACAGCATTATTAAT
TACATTAATAATGCTGTTGAAAATGGGGAACCAATT
CACTCCATAAATTGGTTCCCCATTTTCAACAGCATT

AATAATGCTGTTGAATCTGGGACTCCAATTTATGGA
AGATGTCACTCCATAAATTGGAGTCCCAGATTCAAC
AATGCTGTTGAATCTGGGGAAGATATTTATGGAGTG
ACCAGATGTCACTCCATAAATATCTTCCCCAGATTC
GCTGTTGAATCTGGGGAACCAGTTTATGGAGTGACA
AAAACCAGATGTCACTCCATAAACTGGTTCCCCAGA
GCTGTTGAATCTGGGGAACCATCATATGGAGTGACA
AAAACCAGATGTCACTCCATATGATGGTTCCCCAGA
GCTGTTGAATCTGGGGAACCAGCATATGGAGTGACA
AAAACCAGATGTCACTCCATATGCTGGTTCCCCAG
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177G up GCTGTTGAATCTGGGGAACCAGGTTATGGAGTGACA
177G down AAAACCAGATGTCACTCCATAACCTGGTTCCCCAGA
S82T up GAACCAATTTATGGAGTGACAACTGGTTTTGGCGGT
S82T down ATTGGCCATACCGCCAAAACCAGTTGTCACTCCATA
M87S up GTGACATCTGGTTTTGGCGGTTCAGCCAATGTTGCC
M87S down ACGGGATATGGCAACATTGGCTGAACCGCCAAAACC
M87T up GTGACATCTGGTTTTGGCGGTACTGCCAATGTTGCC
M87T down ACGGGATATGGCAACATTGGCAGTACCGCCAAAACC
N89D up TCTGGTTTTGGCGGTATGGCCGATGTTGCCATATCC
N89D down TTGTTCACGGGATATGGCAACATCGGCCATACCGCCA
N89H up TCTGGTTTTGGCGGTATGGCCCATGTTGCCATATCC
N89H down TTGTTCACGGGATATGGCAACATGGGCCATACCGCCA
VO0T up GGTTTTGGCGGTATGGCCAATACTGCCATATCCCGT
V90T down TGCTTGTTCACGGGATATGGCAGTATTGGCCATACC
VI0R up GGTTTTGGCGGTATGGCCAATCGTGCCATATCCCGT
VI0R down TGCTTGTTCACGGGATATGGCACGATTGGCCATACC
A91R up TTTGGCGGTATGGCCAATGTTCGTATATCCCGTGAA
A91R down AGATGCTTGTTCACGGGATATACGAACATTGGCCAT
192T up GGCGGTATGGCCAATGTTGCCACTTCCCGTGAACAA
192T down TTCAGATGCTTGTTCACGGGAAGTGGCAACATTGGC
S93E up GGTATGGCCAATGTTGCCATAGAACGTGAACAAGCA
S93E down GAGTTCAGATGCTTGTTCACGTTCTATGGCAACATT
S93R up GGTATGGCCAATGTTGCCATACGTCGTGAACAAGCA
S93R down GAGTTCAGATGCTTGTTCACGACGTATGGCAACATT
R94D up ATGGCCAATGTTGCCATATCCGATGAACAAGCATCT
R94D down TTGGAGTTCAGATGCTTGTTCATCGGATATGGCAAC
R94T up ATGGCCAATGTTGCCATATCCACTGAACAAGCATCT
R94T down TTGGAGTTCAGATGCTTGTTCAGTGGATATGGCAAC
E95A up GCCAATGTTGCCATATCCCGTGCACAAGCATCTGAA
E95A down GGTTTGGAGTTCAGATGCTTGTGCACGGGATATGGC
E95K up GCCAATGTTGCCATATCCCGTAAACAAGCATCTGAA
E95K down GGTTTGGAGTTCAGATGCTTGTTTACGGGATATGGC
E95V up GCCAATGTTGCCATATCCCGTGTTCAAGCATCTGAA
E95V down GGTTTGGAGTTCAGATGCTTGAACACGGGATATGGC
E95G up GCCAATGTTGCCATATCCCGTGGTCAAGCATCTGAA
E95G down GGTTTGGAGTTCAGATGCTTGACCACGGGATATGGC
Q961 up AATGTTGCCATATCCCGTGAAATTGCATCTGAACTC
Q961 down GTTGGTTTGGAGTTCAGATGCAATTTCACGGGATATG
Q96E up AATGTTGCCATATCCCGTGAAGAAGCATCTGAACTC
Q96E down GTTGGTTTGGAGTTCAGATGCTTCTTCACGGGATATG
A97S up GTTGCCATATCCCGTGAACAATCATCTGAACTCCAA
A97S down TAAGTTGGTTTGGAGTTCAGATGATTGTTCACGGGA
A97G up GTTGCCATATCCCGTGAACAAGGTTCTGAACTCCAA
A97G down TAAGTTGGTTTGGAGTTCAGAACCTTGTTCACGGGA
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L-Phe 10 mmol/L 100 mmol/L pH 7.5 1.2.8 RITEEHLEHR DT
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e RgPAL AvPAL
125 SRR pH ELE pH R ETEAE AVPAL  Tyr78-loop (73-97 ) RgPAL
pH 400 pL
oH 3 ug Tyr-loop (105-127 ) (1
L- 10 mmol/L 37°C 20 min AVPAL - RgPAL  ZmPAL
pH- oH Loop (1 AVPAL
pH pH 6.0-7.0 100 mmol/L 8785 ( Serg2) Loop
KH,CO5-K,HCO5 pH7.0-95 100 mmol/L AVPAL
Tris-HCI RgPAL  ZmPAL
pH AVPAL lle77 Glugs RgPAL
pH 37°C  12h 37°C pH85 val - Ala
1.2.6 HERMREUKRAREMENE AVPAL  1le77  Glu95
30 35 Gly Ala Val 177G 177A E95G
40 45 50 55 60 65 °C E95V
AVPAL(73-97) S|G|E P 1 |Y |GV T|S|GF G||GIM[A|/N V A1 S R E Q A
RgPAL(105-127) N[S|- - VY |GV T|TI|GF G||G|S|AlDT R TEDATI S
ZmPAL(103-125) N|G|T D S Y/ |GV T|TI|GFGI|A|T[SJHR - - R T KE G

1 PAL B9 Tyr-loop S&FEFFEL Xt

Figure 1 Alignment of amino acid sequences of the Tyr-loop of PALsS

Tyr

Note: The amino acids of red box is Tyr catalytic factor; The amino acids of black box is not be replaced.
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223 REMHBNFSH

37°C L-
2
S73N  S73N/E95K Ky
Keat 26.7% 45.3%
Keat/Km 16.4% 27.2%
E95V E9%K Ky 57.1% 35.0%
Keat
93.9% 61.4%
Keat/Km
23.4% 7.0%
2.3 TGRS
4
Tyr78-loop Loop
8A B AvPAL Ser73
Asn69 2 Asn73
Asn69 1 73
Loop «
Loop
8C D
AVPAL Glu95  Ser93 GIn96
3 Val Lys
Loop
Tyr78-loop
( 2
[10-11] Loop
Tyr78 ( )
(45
*2 RTEWBHHFESH
Table 2  Kinetic parameters of mutant enzymes
egme KO k@) (T
WT 0.070+0.006  1.650+0.12 23.57
E95V 0.110£0.009  3.201+0.14 29.10
E95K 0.105+0.010  2.663+0.10 25.24
S73N 0.076+0.008  2.091+0.09 27.44
S73N/E95K  0.080+0.006  2.398+0.13 29.98

A ¢
Glu9s
Ser73
Asn69 - GIn96
Lenl00
B D Val95
A3 96196
Asn69
Leul 00

8 WT (A). S73N (B) LK WT (C), E95V (D)= 44
LAt

Figure 8 Simulated three-dimension structure of WT (A),
S73N (B), WT (C) and E95V (D)

3 WEH®
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Loop
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Loop MIO
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E95K Tyr78-loop
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40 °C ( 4
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