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Abstract: Arginase 1 deficiency (ARG1-D) is a rare genetic metabolic disorder that leads to progressive
spastic paralysis, cognitive impairment, and seizures. Recombinant human arginase 1 (rhArgl) is a potential
therapeutic agent for this condition, but its clinical application is limited by low activity and short half-life. In this
study, we employed directed evolution to address these issues. A random mutation library of rhArgl was
constructed using error-prone PCR, and high-throughput screening was used to identify mutants with enhanced
activity. Site-saturation mutagenesis was also performed to investigate the effects of residues R21 and V182 on
enzyme activity. Our findings revealed that under reaction conditions devoid of Mn*, the k,, values of the mutants
V182D, V1828, V182H, and R21N increased by 2.0, 1.9, 1.7, and 1.3 times respectively, compared to rhArgl. The
k /K, values of mutants V182D, V182§, R21D, and R2IN were 2.1, 1.7, 1.4, and 1.4 times higher than those of
rhArgl, respectively. Additionally, mutants R21D and V182L showed enhanced substrate affinity. Through directed
evolution and site-saturation mutagenesis, we successfully obtained rhArgl mutants with improved activity,
thereby enhancing its potential for clinical application.
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¥5 2 MR B 1 Bt = JiF (arginase 1 deficiency, ARG1-
D) /& —Fh K K5 2 BR B | (arginase 1, Argl) R R4 S
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WS ZJ DR A, FLUE K 30 22 Folt 7 B Y, M B )
O L7 35 97 1) 9 R A0 27 L ) AR PR 2 51 hArg 1
LA — 2 3 U AE N va 7 T 44 e s A 2 €8 38 (B E
24U IR IR TT RS ER S RN R R 1T 7 g A
TBIT FREE AR R IR

Argl & — P& UL R B B K B, 1T (AR 2
PR 5 A0 N 5 B RN BR 25, AT AE AR W Hh i OC B AR
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Table 1 Primers used in this study. Underline means mutation sites
Primer name Primer sequence (5'-3") Primer name Primer sequence (5'-3")

rhArgl-F GAAGGAGATATACATATGAGCGCAAAAAGCCGTACCA V182A-F GGCCTGCGCGATGCGGATCCGGGTGAA
rhArgl-R GTGGTGGTGGTGCTCGAGTTTCGGCGGGTTCAGATAAT V182A-R CGCATCGCGCAGGCCGATATAAACAAT
R21A-F AAAGGCCAGCCGGCTGGTGGTGTTG V182C-F GGCCTGCGCGATTGCGATCCGGGTGAA
R21A-R AGCCGGCTGGCCTTTGCTAAACGGT VI182C-R GCAATCGCGCAGGCCGATATAAACAAT
R21C-F AAAGGCCAGCCGTGTGGTGGTGTTG V182D-F GGCCTGCGCGATGACGATCCGGGTGAA
R21C-R ACACGGCTGGCCTTTGCTAAACGGT V182D-R GTCATCGCGCAGGCCGATATAAACAAT
R21D-F AAAGGCCAGCCGGATGGTGGTGTTG V182E-F GGCCTGCGCGATGAGGATCCGGGTGAA
R21D-R ATCCGGCTGGCCTTTGCTAAACGGT V182E-R CTCATCGCGCAGGCCGATATAAACAAT
R21E-F AAAGGCCAGCCGGAAGGTGGTGTTG V182F-F GGCCTGCGCGATTTCGATCCGGGTGAA
R21E-R TTCCGGCTGGCCTTTGCTAAACGGT V182F-R GAAATCGCGCAGGCCGATATAAACAAT
R21F-F AAAGGCCAGCCGTITTGGTGGTGTTG V182G-F GGCCTGCGCGATGGGGATCCGGGTGAA
R21F-R AAACGGCTGGCCTTTGCTAAACGGT V182G-R CCCATCGCGCAGGCCGATATAAACAAT
R21G-F AAAGGCCAGCCGGGTGGTGGTGTTG V182H-F GGCCTGCGCGATCACGATCCGGGTGAA
R21G-R ACCCGGCTGGCCTTTGCTAAACGGT V182H-R GTGATCGCGCAGGCCGATATAAACAAT
R21H-F AAAGGCCAGCCGCATGGTGGTGTTG V182I-F GGCCTGCGCGATATCGATCCGGGTGAA
R21H-R ATGCGGCTGGCCTTTGCTAAACGGT VI182I-R GATATCGCGCAGGCCGATATAAACAAT
R21I-F AAAGGCCAGCCGATTGGTGGTGTTG VI182K-F GGCCTGCGCGATAAGGATCCGGGTGAA
R21I-R AATCGGCTGGCCTTTGCTAAACGGT V182K-R CTTATCGCGCAGGCCGATATAAACAAT
R21K-F AAAGGCCAGCCGAAAGGTGGTGTTG V182L-F GGCCTGCGCGATCTGGATCCGGGTGAA
R21K-R TTTCGGCTGGCCTTTGCTAAACGGT V182L-R CAGATCGCGCAGGCCGATATAAACAAT
R21L-F AAAGGCCAGCCGCTTGGTGGTGTTG V182M-F GGCCTGCGCGATATGGATCCGGGTGAA
R21L-R AAGCGGCTGGCCTTTGCTAAACGGT V182M-R CATATCGCGCAGGCCGATATAAACAAT
R21IM-F AAAGGCCAGCCGATGGGTGGTGTTG V182N-F GGCCTGCGCGATAACGATCCGGGTGAA
R2IM-R CATCGGCTGGCCTTTGCTAAACGGT V182N-R GTTATCGCGCAGGCCGATATAAACAAT
R2IN-F AAAGGCCAGCCGAATGGTGGTGTTG V182P-F GGCCTGCGCGATCCGGATCCGGGTGAA
R2IN-R ATTCGGCTGGCCTTTGCTAAACGGT V182P-R CGGATCGCGCAGGCCGATATAAACAAT
R21P-F AAAGGCCAGCCGCCTGGTGGTGTTG V182Q-F GGCCTGCGCGATCAGGATCCGGGTGAA
R21P-R AGGCGGCTGGCCTTTGCTAAACGGT V182Q-R CTGATCGCGCAGGCCGATATAAACAAT
R21Q-F AAAGGCCAGCCGCAAGGTGGTGTTG V182R-F GGCCTGCGCGATCGGGATCCGGGTGAA
R21Q-R TTGCGGCTGGCCTTTGCTAAACGGT V182R-R CCGATCGCGCAGGCCGATATAAACAAT
R21S-F AAAGGCCAGCCGAGTGGTGGTGTTG V182S-F GGCCTGCGCGATTCGGATCCGGGTGAA
R21S-R ACTCGGCTGGCCTTTGCTAAACGGT V182S-R CGAATCGCGCAGGCCGATATAAACAAT
R21T-F AAAGGCCAGCCGACTGGTGGTGTTG VI82T-F GGCCTGCGCGATACGGATCCGGGTGAA
R21T-R AGTCGGCTGGCCTTTGCTAAACGGT VI82T-R CGTATCGCGCAGGCCGATATAAACAAT
R21V-F AAAGGCCAGCCGGTTGGTGGTGTTG V182W-F GGCCTGCGCGATTGGGATCCGGGTGAA
R21V-R AACCGGCTGGCCTTTGCTAAACGGT V182W-R CCAATCGCGCAGGCCGATATAAACAAT
R21W-F AAAGGCCAGCCGTGGGGTGGTGTTG V182Y-F GGCCTGCGCGATTACGATCCGGGTGAA
R21W-R CCACGGCTGGCCTTTGCTAAACGGT V182Y-R GTAATCGCGCAGGCCGATATAAACAAT
R21Y-F AAAGGCCAGCCGTATGGTGGTGTTG

R21Y-R ATACGGCTGGCCTTTGCTAAACGGT

250 mmol-L" KM, pH 8.0) % H (& A Vel TR, f#
F IR 45 & ¥4 & B I8 H thArgl B4 7005 I
WAR BTG HIRFE . A AR A I Al R T 12.5% 1)
SDS-PAGE Hi ik 73 #T, 7 K H Bradfoard ¥l 2 & 11
W

rhArgl R EHZTAREGEMME B fE 12 SR
%200 uL, ¥ 1.4 pmol- L' & A IR 4 4 10 mmol-L”!
L-KEE %, 50 mmol-L™ Tris-HCI (pH 7.4) #10.2 mmol-L"
Mn™ #1137 °CJx B 5 min [ & Mn® [ 2 B AE & A2 5
5.8 pmol- L' E A E & A 10 mmol L™ Lk 2 B2 Al
50 mmol-L" Tris-HCI1 (pH 7.4) 71 37 °C < . 5 min], JlI
N30 pL B 27 S AiFd 26 2 D Il 1 R VR B P 46 1B S B, AR
J& 100 °C J B 45 min, & T 0K _E ¥ #1512 000 r-min”
250 2 min, 75K AN 66 TR 540 nm AR P& W
FE, 38 I bR 2 A AR ORI & TF . thArg]

(B % o AR B M 4k AR B 1 mmol JR R BT E
thArgl &€ X N1 U.

rhArgl R HREARE NFMNE NG
NS K Ak, LT 50 mmol-L™ Tris-HCI (pH
7.4) 190.2~100 mmol-L" L-f5 % & (57 0.2 mmol-L"
Mn™) 1E N JRY, 43 )45 35 24 A0 R R i L, N o il
75 P, B F§ GraphPad Prism 8.0 #1 Michaelis-Menten F
LeVEL A MR AR K M v B, R e R A
WRPETE S R ko

rhArgl RERTHRERNEESRIE pHE
B 41 pH 43 51 4 5.0.5.5.6.0.6.5 [ 50 mmol- L™ Fifs Fi% 44
ZE PP, 7.007.5.8.0.8.5 ) 50 mmol-L" Tris-HCL 2% 3if
W, 9.0.9.5.10.0 F1 10.5 ] 50 mmol- L B B2 44 22 b
£ 37 °C AN A pH 2% 11 ' R B2 5 min, LAfg & & R
100%, 11 50 X i ¥ 1 DA R i B 1) 45 38 S B pH K
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Figure 1 Mutation library screening
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P T 22% F130%. 7E 18247 55, [ VI82R #h, V182 £if
A FE AR TRAGAA (135 PR 3 R R FFTE 60% DA b, A
A& V1821, V182K . V182P. V182Q #1 V182T ] iF 1 #H
5T rhArgl 20 IR R 1 92%4-29%471%.32% F176%. 1E
TR Mn™ [ 2640, 25 S W 3B frow, W T 58 21 4
KR, AL R2IN I EAGTE Vi s, & WT 1 1.4 15,
RAZR R21C M R21IN 3% PEAH BT rhArgl 73 Sl
T 15% M 37%. TE V1827 1, ARG TEIR s N

Reaction conditions without Mn*"
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. *kk

rhArgl
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Figure 2 Expression (A) and enzyme activity determination (B) of rthArgl and its mutants in E. coli. n =3, % +s. P <0.01, 7P < 0.001

vs reaction conditions without Mn** group
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B, P R AR {R VIS2A. V182D, VIS2H. V1821,
V182P.V182S 1 V182T i PEAH# T rhArgl 43 7l #2
1 28%-54%-30%40%26%59% F136%.
4 rhArgl R ERTHREEZ M RAR

fity 5 77 2% S U6 45 SR L2 2, & Min® 5% A8 AR 1E i 1)
AL BT TH , SRR VIS2P it iy, ik F 484.53 57 %
A% & R2IN. R21S. VI82A. V182I. VI182K. V182P.
V182Q.VI82T M V182Y I k., M8 73l /& rthArgl ) 1.1,
12.1.6.1.6.2.4.2.4.1.4.23 1 1415, *FF K KHE

R2 1T A R BERAIR 14%, 2 B TEAL A0 s 20 IR 1) 5 1
IR, M H A RBARN K EEARFREE R,
FORRAB AT I SRR A B N . fEREI L — 1
WHOTH, RAZE V82T 932.98 s -mmol 'L, HHf 4=
UK 1.6 1%, AR VIS2A R VIS2I I k /K, 73 il &
thArgl #9112 F1 1.1 4%

A4 Mn* R AR V182D M V182S i fil 4k i P &
DU tE, Hok, 2 B8 127,12 F1123.16 57!, Horfr e 48 4k
V182D {E AN RN Mn™ 248 T, il P I A e, R
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Table 2 Kinetic parameters of thArgl and its mutants

Enzyme Reaction conditions with Mn** Enzyme Without Mn?*
km/s'I Km/mmol~L'I kcm/Km/s'I -mmol’-L kcm/s" Km/mmol‘L'I kcal/Km/s" -mmol "L
rhArgl 198.22 +13.33 9.32 £2.11 21.27 rhArgl 63.34 + 1.81 11.94 £ 1.09 53
R2IN 210.84 £6.73 11.17+1.15 18.88 R2IN 85.13+1.39 11.14 £ 0.59 7.64
V182A 311.53+£43.91 11.72+5.28 26.57 V182A 67.44+1.31 24.05+1.26 2.8
V1821 306.30 + 18.42 12.77 +£2.42 23.98 V1821 89.26 £ 2.05 16.45+1.11 5.43
V182P 484.53 £26.22 24.95 +3.64 19.42 V182P 5321 +1.28 9.69 +0.77 5.49
V182Q 271.34 +14.75 14.66 +2.43 18.51 V182Q 70.08 +2.28 15.18 £ 1.49 4.62
V182T 457.33+£37.29 13.87 +3.49 32.98 V182T 80.68 +2.02 14.27 £ 1.09 5.66
R211I 172.75 +17.68 8.02+2.86 21.55 R21C 61.94 +£2.43 10.10 +£1.31 6.14
R2IL 163.40 + 11.06 10.37 £2.31 15.75 R21D 63.44 +1.51 8.80+0.71 7.21
R21S 234.86 +18.67 10.98 +2.83 21.38 V182C 55.72+1.26 10.13£0.76 5.5
V182K 465.90 +32.56 4427 +7.16 10.53 V182D 127.12 +4.93 11.26 £1.36 11.29
V182Y 279.54 £ 62.63 15.04 £ 10.14 18.59 V182H 109.78 + 3.48 16.64 = 1.54 6.6
/ / / / V182L 61.50+2.72 9.08 +1.37 6.77
/ / / / V182M 82.01 £2.25 1546 +£1.27 5.31
/ / / / V182N 53.76 £2.28 8.33+1.23 6.45
/ / / / V1828 123.16 £ 2.64 13.63 +0.90 9.04
/ / / / V182W 60.71 +£2.34 10.75 +1.35 5.65
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Figure 4 Effects of pH (A) and temperature (B) on rhArgl and its mutants. n =3, x* s

AF A R2IN.V182A.V182H.V182I.V182M. V182Q /I
V182T ] k,, 18 5 il /& rthArgl (7 1.3.1.1.1.7. 1.4, 1.3,
LA 13 F5. FEJRAEAN D) T7TH, AR R21D.VI82L
V182N 1 V182P ¥ A [A] #2 B 1) FE AR, b RAZ K
V182N 1) K, {E # 1, 79 8.33 mmol-L", RILH 45 A 45
TR MRy dw i, T HAR AR K AE A AN [F R
2 i1, R AR RIS TG TR &

/Ele:Rle R2IN.V182D.V182L #MV182S ¥ k /K,
I3 thArg] (7 1.4.1.4.2.1. 1.3 F1 1.7 4% . A 4ME N
JE T V182D 1 V1828 1 5 £ [ I pH AR BE, 45 F
4 fIi7R, thArgl FZRAS 4R V182D ()i pH N 8.5, 1
RAFAR V1828 1) 53 pH A 8, 5 NI pH 7.4~7.6
fx NI thArg] 11 B 38 I LI N 65 °C, RAFAA
V182D [ 5538 [ N3 & h 45 °C, RAFR V1828 [ i
SNEHR JE R 55 °C o BB IR LA T B AR, (B3 T A
IR

AHIE 5 B Dy 7 g B 4H 3K 3K UKL pET-21a-rhArgl,
F I K FF B BL21 (DE3) & Th 5 Y5 R I8 3K 153 %
PE rhArgl 25 . FIH 5 45 PCR 4 & rhArg1 F AL 58
AR, G5 v 10 R I 1K) T VR R IR AR T 2 AR
rthArg 1 3 L3R /51 0 A4 S AR A4, i BRIV 56 36 9 AN Ao s g
177 R AN IRAR, a8 I W e Bl s v AN g B g 2 R
VAN TRARAA, 285 B RGNS N Mn™ 1) 26 11 T, R
AR V182K V182P I VI82T )k fH 4% 4 thArg1 )
2.4.2.4 F12.3 4%, M ASEAME I Mn™ BS540, RAZ A
V182D7ruV1sst’chaJ 45 thArgl [192.0 FT 1.9 %
AR FLIRAT TG AR A R A, JEE EA R T AL
FANES I Mn™ [ B 30 71 % 2 5, idk— D3 = rhArg]
(27 3 T A IS

fEE Bk DRAEE TR MR ERT ES T
SEIE T SERR; AR H VBRI AT T Se g B Ik 0 ik G A

PIT BT AT A EEH BRI S 51858 T A3,
FUERSE: ASLHIE R TOAR T 2 R
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