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Fig.1 Schematic diagram of mutated sites in mutant PETase

1.3 BERFRETE PETase HIHI &

1.3.1 H AR foR T A PETase #9 k& BEFAH AU
F5E 722 A PETase 3% 3K JBUR 5% fk % BL21(DE3) 572
AYHML, AT T 5 20N F R R (Amp) 19 14 LB ¥ %
$5,37 CH R . W B BB S PR EE RN T 1. 5 mLL
WK LB R FRIE (10 /LI IR, S o/ LR IUR , 10
/L. NaCl, 50 pg/mL Amp,pH 7. 0) 1,37 °C 220 r/min
PR B IR 4 ho R Ay, ™0. 8 I, JIT A3 &

1 mmol/L 1Y IPTG , 4k L35 5% 2 h J5 WUbE A7+ b
SE W TR B — 2 TN T 5 i FL VK (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)
DIPPAL B A 28K o RIS I 45 2, eI R ik
K BB AR L, 1:1 000 HLB4ERD T 2 L LB 15 3%
W (50 pg/mL Amp) FHFAT K ERIL o S Ago
2 0. 8 B, I A L S 0. 8 mmol/L (19 IPTG , #
T JE R Ol 28 °CL Ak ZE R 3R 5 ho B0 WO K
(4 000 r/min, 10 min, 4 °C),  Buffer I (20 mmol/L
Tris-HCI, 0. 5% Triton X-100, pH 8. 0) % & 1K 7T
VE . AL R R (TAEDI %250 W, TAERT
8] 25 s, [A]ERAS A 25 s, 30 MEER) J5 , B0 (12 000 v/
min, 10 min, 4 °C) 53 & b W M ULHE , ¥ 47 SDS-
PAGE W% H 8 (10 223518 DL S A i

1.3.2 FAAFREA PETase 92640 FHE LG
W5, FA Buffer 1 [ 50 mmol/L Tris-HCI, 10 mmol/L. Z,
iy Z@fi(ethylenediaminetetraacetic acid,EDTA),
100 mmol/L NaCl, 0. 5% Triton X-100, pH 8. 0] ¥ %
B RS, 115 2 mol/L JR & (1) Buffer I FRVE
—K . )5, M Buffer Il (50 mmol/L Tris-HCI, 100
mmol/L NaCl, 8 mol/L JK % , pH 8. 0) XL A i 17
2S5, 250 (12 000 r/min, 10 min, 4 “C) W4
IE W BOARAG AR PR R I . K RIS WA TR S
FEMENT KK LI 0.30.60.300 mmol/L B Mk ()
Buffer T 3476 B2 Ve, IF R 45 DER 0 o Bifi )5 %%
$F U FE 1w 20 B B 0 Uk i W AE Buffer 1V (50 mmol/L
Tris-HC1, pH 8. 0) & . Bl , K B T4 T DEAE
FFVES T 38 40 24T, R L% 0,100,200, 400 mmol/L
NaCl 1) Buffer IV #E 7756 BE VRN . 4586 5 P8 i W %
HEAT SDS-PAGE DL5E H Y 8 F 09 43 A F1 5 i,
Image Lab #A4%T & 1 4540 #E4T50#7 o

1.3.3 HAAFRT LA PETase 09 L4 4ifb)5HY
B 0% 2 PR B o A 243k B2 R 100 mmol/L 6
TV (DTT) ,0. 4 mol/L L-AS 22 .5 mmol/L i J5i 71
2 e H K (reduced glutathione, GSH) | 1 mmol/L %A1k
U2 B H K Coxidized glutathione disulfide, GSSG) [
MG IR AN BENTAS . BTSN R 20
mmol/L. Tris-HCl. 100 mmol/LL. DTT. 500 mmol/L
NaCl.0. 4 mol/L L-4% %% .5 mmol/L. GSH .1 mmol/L
GSSG ., pH 8.0, Jf-#% I 6>4—3—2—1—0 mol/L
JE GBI R FE R B R T 4 CCHR RN HE 3 h, ™
MR, IREE2 LRGBS A Buffer V(20
mmol/L Tris-HCI, 150 mmol/L NaCl, pH 8. 0) H1 4§ %%
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B2 BB EAS WA E 1 mg/mL, IIAZ
PRFR 509 v Tl , —20 CIR-AF

1.4 PETPBEMEM&M  FRI36 mg PET (1.5 cm x
1.0 ecm), & T & A 50 ug/mL 2 fh i (B A= B al 2 A7
A PETase) 1) 2% #1 % VI (50 mmol/L glycine-NaOH,
pH 9. 4)H1,30 ~ 60 “CHBEZ (4Fh@ 5 "Co—4) R id Ik
D H 48 ho 56 CHUALHL 10 min LIZ RN, &
HIJF ,4 °C.10 000 r/min #.0> 10 min, FIEHZ0. 22
um P8 585w, 57 B0 T ORORE R 80U AR o 3%
(reversed-phase high-performance liquid chromatogra-
phy, RP-HPLC) 53 #r o (3% 25 1 : S0 B A Welch
Ultimate XB-C18 column (4. 6 mm X 250 mm, 5 pm) ;
TSI A2 20 mmol/L B R £L 2% wh il (pH 2.5) , i 3l
AH B FHEE s B BE VRN O ~ 25 min, B 1 25% 2 T+ 2
95%; it # 0. 8 mL/min; £ i 30 °C 5 K& ) 3§ 4 240
nm. % 0 1 BLUSMR % € i BHET  MHET Al TPA.
BARER B 3 M A

1.5 Zit=4b3E Pk R OR e o R
(bicinchoninic acid, BCA) ¥ %€ , 45 4 L) mg/mL 3
71N 5 212 8 1) Image Lab #0/F %t SDS-PAGE EJE # 17
WRPE Sy A IS B A E B S VkE T S FE
Foo 3G PR DLEF A2 8 PETase i 7= %) = W A7 500
100% , 527 BUARXT 77 F8 L 3 8obn Ak, I LA 45 br
HE2E (vxs) B, Geit oM B BB 22 Graph-
Pad Prism 9. 5 #1F ; 4L ] FL AR HIRUR « K565 22
SR B R 7 2250 B (F AR5 ) o P<0.01°2K
ZRAGI R L

2 #R
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pET-43. 1a {4 (5 488 bp; K1 2A , Tk 2) , 48 % 45 il
NG AT A S RN TR o R UBORE R AT XL
it U1 % 58 , T WL 5 500 bp (£ 44) F1900 bp (3 A H
BE WA 257 (] 2B, kil 3) o Rk FokifE 1k A
BL21(DE3) 5 , X H BEEUH 5w 4250 T 2 mL LB $%
FRH (50 mg/L Amp) #4701 F ik . SDS-PAGE
TEZ) 31 ku b BLH S 2547 (&1 2C) , 5 ] — 3%
A ORLE AL A T AR TRE (B0 ) A A RS A
D3 560 o &5 5 s (L 3) , 1 ol o s A A 1
275 51t oe e —80 S AR L, 58 A8 ALTE
X 0 A7 A5 H B T88H (ACC—CAC) #1 L117D (CTG—
GAT) PIAb 72 AT 2878 o 455 WoR |, W A= 78 [ 28 A Y
PETase &5 B ARA4 L)

2.2 FIIAMEHERMRLTE PETase Wil & %
i KM IR A R IR 5 |, B A BN 28 48 7 PETase $4 LA
FLATE RAFAE (I 4A 4B) . ALIRIRZ IS U5
J5 , FH 8 mol/L IR R HATH I AZ M . BRES TR 2T
SRR, R YRR IR S SR L T
300 mmol/L BRI 55 A4 o S M VR 3 < W A 78U PET-
ase W& R 1. 824 mg/mL, 4l i 2 83. 11% (& 4C, Ik
i 8) 5 28748 K PETase ¥ B 4 1. 833 mg/mlL, 4l )& K
84.32% (14D, k1B 11) . FHESF A8 ZHr 48 R i
N, 3 BAE 200 mmol/L NaCl ke i 6 i s 4
7 4= I PETase #J& 4 2. 776 mg/mL, 4l & 1 96. 86%
(& 4C, Pk 7) 5 92 748 7 PETase ¥ 4 1. 967 mg/
mlL, 2% 4 95. 13% (& 4D, kil 10) . B EMHG,
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Fig.2 Construction of wild-type/mutant PETase expression strains

A, B: Construction and identification of wild-type and mutant PETase expression plasmids; 1: Recovered pET-43. la vector after double restriction

endonuclease digestion; 2: Recovered target fragment after double restriction endonuclease digestion; 3: Expression plasmids digested with double re-

striction endonuclease digestion; C: Small-scale expression results of mutant (lanes 4 = 7) and wild-type (lanes 8 - 10) PETase; M1: DNA Marker;

M2: Protein Marker.
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B3 BFAERY/ZREE PETase Rik BN F I8 iE
of wild-type and mutant PETase expre

Fig.3 Sequencing verificatio

G U FN Y A= 7 PETase 20 7351 4 0. 484 mg/ml.
(4K, 7K1 12)F10. 991 mg/mL([& 4E, ki 13) .

2.3 ZRZHEI PETase ¥t MHET #1 TPA = R #1427+
ER 275 A PETase f# fL2E B MHET F1 TPA ()=
KPS E N 100% (] 5SA) , MHET 5 TPA 7= 3R 4
Bif I8 B AR b 2% A e it L (MHET: F=233. 43,
P<0.001;TPA: F=267.31, P<0.001), 5T 85
Brd s, = F ¥ 7F 45 CHF 7= % i = (MHET:
101. 67%; TPA: 100.67%) , H: 7k 4 40 'C5 50 C,
60 “CHf H: /K (MHET: 8.00%;TPA: 10.33%) ., 453
& W1 1% il R 35 IR R 45 °C . AR R MHET 5

ession plasmids

TPA = 38 2Z [0 22 5 T 48 1 2% & X (1=0. 09, P=
0.928)., SHEAERIMH L, 28457 PETase () MHET 7=
F H(237.67 = 17.00)% , TPA 7= % Jy (197.33 =
12.01) %, B 7= w38 0 3 TR AR R (MHET : 1=
-12.72, P<0.001;TPA::=—10.41, P<0.001) , % ¥
HAARCRE W4T (B 5B) .

3 Wit

PETJ& H AT ) HIE 8 th 2 kNS
Ye¥)), PETase /51 PET it BB 2 2 H R -4 4
PR — K4 2 R (SHD ) AL —BRARA S 1 —Fp — 25 ik
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Fig.4 Preparation of wild-type and mutant PETase

A: Large-scale expression of wild-type PETase (after ultrasonication) ; B: Large-scale expression of mutant PETase (after ultrasonication) ; C:
Chromatographic purification of wild-type PETase; D: Chromatographic purification of mutant PETase; E: Dialysis and refolding; 1: Supernatant; 2:
Pellet; 3: Whole-cell lysate; 4: Pellet; 5: Supernatant; 6: Whole-celllysate; 7: Eluate from DEAE chromatography using 200 mmol/L NaCl; 8: Elu-
ate from affinity chromatography using 300 mmol/L imidazole; 9: Flow-through from affinity chromatography; 10: Eluate from DEAE chromatography us-
ing 200 mmol/L NaCl; 11: Eluate from affinity chromatography using 300 mmol/L imidazole; 12: Mutant PETase; 13: Wild-type PETase; M: Protein
Marker.

B
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Fig. 5 Analysis of enzymatic activity of mutant PETase
A Analysis of the optimal working temperature for mutant PETase; B: Comparative activity analysis of wild-type and mutant PETase; ~"P<0. 001

vs Mild-type PETase group.
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X PET 2 Heffe 47 23 A% B0k, 78 XU AL = R A ) 2t
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W B E N S . REREANEE—HR
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FHAAAL AL FA IR AL B H MOk B s A E A
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Yy BE R R /NS AT ASTR] o I H: = A 25 4 1) 25 5%
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ClRREFHR O

AR PR D5 B A T A DS IR R
Fliar AL B R i B Fit s o0 B

XN 7 RRESE, EEAG SRR B )
(ZHERXFE—WEERCE NH, &0 230022)

WE BN AR RRZNO B S (PeAF) 35 5 1 A0 IR (LVH) S 4 B 0 0 A 8, B 15 5 647 BUS 2087
Fik AR W HIEZ LB ETT AR IEPE PeAF (35 949 4 (Hirh 49 LVH 4 403 491 , I BEHLAY Jo il 2545 (665 i) ) Frs:
TESE (284 1)) , 3 ik —JT Logistic 81 JH 5 16 PeAF A LVH A9 2l 37 f5 6 P22 44 2 51 28 1 W A5 0 |, )38 aod 323803 T AR 1E
(ROC) £k Ak i £R AP SR i 2 IEAR A AL A T PR RE . 8RR e th ok v iU (TN DR R (DM 21400 ffd 4347 9
FE-SDH (RDW-SD) B S 4550 (BMI) (2.0 5 4% (LAD) (2208 S L4388 (LVEF) 367 30 sy fG B P 2, Hos Hah A
AT I 254 Fh 59 ROC T 28 F 1 B (AUC) 24 0. 862 (95%CI - 0. 834 ~ 0. 890) , B HiE 4 H 9 AUC 7 0. 870(95%CI: 0. 829 ~
0.911), /R RIFMHUMALRE . 4518  PeAF ¥ 4 JF LVH AY I 7 G 1% [N A% % 1 . HTN . DM . RDW-SD . BMI.LAD .
LVEF, 38T W A i 8 (4 B B R0 BY T 018U PeAF %28 LVH B i AR o [l 35 Cox [A1H 404 & 8155 B G )T LVH 53

TR BT 325

KR RSO P S ; 20 F R FE RN FR SR 5 LG A AN R 545 Cox [ 53

hESES R541.75
XEERERL A XEHS 1000 - 1492(2026)03 - 0552 - 10
doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 023

720 % B JE (left ventricular hypertrophy, LVH)
JE— PR T A0 BE SN A Ew YR, B,
P[] P 2 A1 1) o 2 Jo e 36 T A o i PR AT
XU Y LVH 3 50 WEPE PR B8 Y e XU A O,
JF HR O A FE TR I K 1 2o B AR Al
P W SESE , P E RS0, TR0 B B8 (per-
sistent atrial fibrillation, PeAF ) %5 J & & #E #2 v, .0
i Mt 2 I [R) 28 Py 1 DAVl A 3 45 4 AL 1Y
R LVH AT RE N H R B MU 2 — . PeAF
& IF LVH 8825 199 I S S0 i ok 58 4 W . H Ai
BIF DN 3 ol Pk A2 AT 855 B3 B (atrial fibrilla-
tion, AF) A% By (1% B 452 W (400 B B A 00 38 171 far 1
JIFLC it o AR AE ) ELHEAROC , [A) I 7] i 32 2
AF L9540 HTN DM | & D3 e A 4= 55 B W] 4 A9 4
B, XS FEILFEEHR , gt — 2D 1O WAy
HA AT ARG, Rk, TRARFSE AF 5 3% 2 [1]

2025 - 12 - 14 #£U&
FGWH  E K HRFF R TE (475 :82371949)
fEE T A 7, 05 WA AE
&, 2o, B, AR T A S B AR VR E-

mail : zhaoren@ahmu. edu. cn

MR A2 ELALR % T WA X G AR 36 o SR s B
AEEEL

ARG BTERDT PeAF B35 G JF LVH M fa s
W SR, 8 i 455 I R 58 Fgeit o dr , i ik
F HL B A A 22 5, A S AR L 9 T S TR LA
PRSI B S5 RS AR T A &, AN TR XU
KV SR SR AL B B i

1 MRS 7®

1.1 fRBIER ARIFFEHA 20224F 1 H—2023 4F
10 A 7B 1% & B 1 2 Wi lE A1 PeAF H AR #5>18
B A BE B 949 9] (AR 4 2 & 91 LVH, 40 b LVH
2H 403 1], 9F LVH 41 546 {71 ; 55 1 628 7] , Zc 14 321
5] 5 AT 5 95 [l Ry 23~89 % AR T EC 67 %) . H:
FLFfAIL e B8 72 3 19 LA 98 A DI 2R 4E (=665 ) Fl 55 I
£ (n=284) . GIAFRIER AFG 2023 4.0 B B2 Wi
FNEYTHH EFE R PeAF i2WibnifE R f 5 . HEBRAR
R @ DR R ORI Re 58 B Q) %
PEMEE S AL @ P S MR SR R D &
B0 JIE R F RS P B A £ R 5 © B ek ™ R
KU B . AR SRR R 5 — K B B
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1R R B W (B 31 - P 2024-13-76)

L2 #HiElE

L2.1 —f&GREE R T &
GEMCAE B 00— TRt A M AR | B
i 48 50 (body mass index, BMI) | BEFE 50 [ & 1L &
(hypertension, HTN ) PRI (DM) JsifEZE (cerebral
infarction, CI) . & .0 ¥4 (coronary heart disease,
CHD) 810> 71 %4 (chronic heart failure, CHF) ] .
FH 24 52 [ B 32 A4 BEL i 551 | i A5 5 7k 3R % 4ok il 4100 1) 541
(angiotensin-converting enzyme inhibitor, ACEI)/IfL 4
5k F I 32 7K 45 $L 7 (angiotensin 1l receptor
blocker, ARB)/IfiL 4 %% 7K 2% 32 14 — Jiki M Jok 1l 410 #f) 551
(angiotensin receptor-neprilysin inhibitor, ARNI)/4H -
2 B AL R 52 B E 2 1 57 (sodium-glucose co-
transporter 2 inhibitor, SGLT-2) ],

1.2.2 BEHAF YCHEBEALE EIRERN
I YA 95 B8, 6445 < i 4 K (brain natriuretic pep-
tide, BNP) (il 5 ML i A=Ak, 2 3 K20 bR 45
P2 T H S AT A c rb PR A - O 2 At AR L
(neutrophil to lymphocyte ratio, NLR) | 542 41 fifd — &5
2 I £ 1 AH & 5 HE (monocyte to high density lipo-
protein cholesterol ratio, MHR) . JR g L i kb (urie
acid to creatinine ratio, UACR) .

1.2.3 24 5.3 3 B (transthoracic echocardiog-
raphy, TTE) . &% # %+ 3 I (transesophageal echo-
cardiography, TEE) f= & & B # & £ TTE 5 TEE
Ao A b e AF B0 O M R R R 0 TR EPLQ
7C A2 W RS 58 M. TTE i £ 38 0 >R 4 M B 5%
Fe U 2RI LA KU R = D) T 25 340 3l J 1
s A& EAZ & £ 0 B N4 (left atrial diameter,
LAD) | 72 > % &F 5K K M N 42 (left ventricular end-
diastolic diameter, LVEDD) | & [8] [ J& Ji£ (interven-
tricular septum thickness, IVST) | /7.0 & J5 B J& &
(left ventriculaer posterior wall thickness, LVPWT) |
Ze 0 % I L 43 %X (left ventricular ejection fraction,
LVEF) | Z& 2= BE FH % J& J& (relative wall thickness,
RWT, RWT=2XLVPWT/LVEDD) . AF i & (> H [&]
(electrocardiogram, ECG) H £ I 4% M I & Jy 3% W0
T F QRSUEHEIG 2 ~ 34 (I il i, DA 2]
10 ~ 204> 95 g — 21, 04 DA £ 39068 T3] 45 I 10 3 L
PR T AR A AF I H s, BEPIL e 3 20 £ IR iR O
RIS ARG C A RLAR AT 3 A ML AL AT (f i 4% Wi >
0. 1 mV), A AF (FHRIF<0. 1 mV) .

1.3 LVHHIZHE LVH K TTE 2WibRifEl : 2.0
%= i H 18 40 (left ventricular mass index, LVMI) : 55
H>115 g/m’, e P>95 g/m’, B ZE B REIEE (left ven-
tricular wall thickness, LVWT)>12 mm. LVMIit%&
28 7 LVMI (g/m?) = 22 0 % it i (left ventricular
mass, LVM )/ﬁiﬂéﬁfﬁ(body surface area, BSA) ; LVM
(g)=1.04x [ (LVEDD+IVST+LVPWT) *~LVEDD? | x
0. 8+0. 6 (BN 144 em) ; BSA (m?)=0. 007 184x 5 &
(em)* 7 x PR (kg)™ 210
1.4 WMANBEBITHEE PeAF B& ARL)S , M4
o 15 e 2L N SR R 0 4 32 2 DA T B A
B F AR (radiofrequency catheter ablation, RFCA ) il
YNRTT o T TR R X 58 U U i K B 5
AR UEHN BT O g B UK SF HEA T RSN Rl (4
R T B S AR LR | Ze 0 B THUAR 2 A =
SRR LA ) o 58 UL A T ol ) S8 3 7 AR [) 174
T 5 R W A A DA L i 2k 1 X ) BELRE 1 00 o T A
J& AT 30 min (14 W, PR 56 UE 2 A5 BH T 5 7 55IE
it e Ik R 25 e 2 e T il BEL 9 )5 BATS SR A B AP AE
D) FH B L R R R R SO A T A
R B2 R E LM RFCA AR 34 H 5 & AR 22 ] >
30 s 7B P s
1.5 ZREHEXSHE WRESIHFEAR
O 1L % 35 F (major adverse cardiovascular event,
MACE) (82450 7 3 i 25 b 2ok WU SE ™
HEMOARE LT BB REHRMA R E K .
WS L T R A ST RE T TAE , W58 76 &
FHBE1AA 3AH 6 A K124 A il R
BREVT, #EAT O M R g O i KR A . BE T
], 2 R R A I B E AR, e o i P B IR AR
BTN 5L AS 2 I, R R e St R ot B
Vi [a] 2 14E
1.6 ZEitF#AIE i SPSS 26. 0 F /R AR B
(R 4. 4. 2) AT ERAL 3 . A8 IR0 A 1 i B8
LR s HEAT R I 25 5040 3 i SRR F M
(Pys, Py AT A , 2H 18] F AL 53 50 R B ST AEAS o 46
% Mann-Whitney U BEFIHGG ; THECGTRER FH 2 A
A HHEAT A A FO BRI o R g o >R T R
[H & f £ ] & € Logistic 181134347 i V& H 0 57 &
B R 2R, I HT R R A A 41 £ el Pt A 2, fef 1 52
i & T 1E %% 1iE (receiver operating characteristic,
ROC) #h £k~ 11 # (area under curve, AUC) 5 IfE il
28 YR 1 28 (decision curve analysis, DCA ) X 45 7
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fO DX o3 BE R HEBE (I PR AR 45 P EAT SR IE . fie e R
F Cox Ho 5] JRUBS: [ JASE U PR 5 PeAF S5 TS o K
Bt PRI N FH XU AS 565 , P<0. 05 R 25 54 G2

2 #R
2.1 IGERBEXRBESHT AFFRILGA 1 166 i
FFEFRUE R B, Hod 949 1) 58 5 H B i Bl 15 0 3K

15 B 52 & 5 MACE 15 8., Hoar 217 68 # 7 B
Ja 3 H WKV, TR AW RS &4 2 K5 MACE,
RN IG LT B, WFFE LLIX 949 1] 5¢ 1%,
BT () S5 5 R A BT R 4 e 0 72 3 BEAIL A3 Sl B UE
£2(665 1)) Kl 246 (284 1)) , £ 1 B45 T BE I

PRIELL TR, YN AR B 3o ik 4 f8 35 ZEPE T AR %
DM, HTN & 0o 9 48 10 ) 52 38 | il 45 58 L BML,
BNP NLR . ZL40 03141 (red blood cell,RBC) . Ifil £ %5
F (hemoglobin, HGB) . £I 4l g tt %¥ (hematocrit,
HCT) .RDW-CV .RDW-SD, & IHZT 2 (total bilirubin,
TBil) B3R LT % (direct bilirubin, DBil) | Ifil IR & &
(blood urea nitrogen, BUN) \UACR ., eGFR 55 JI§ Ifil ¥
(fasting plasma glucose, FPG) . =Pt H i (triglyceride,
TG) .MHR.LP(a) \LAD LVEF /0> L &I f S A0 A0 B
IMiLA% (left atrial appendage thrombus, LAAT) B 3Z4&FH
i 7% L ACEI/ARB/ARNI  JE [ i 52 {4 BH ¥ ) \LVH |-

SITLEH 2 L (P>0.05) . WidL 75 SGLT-
2 ZARBHA ) 22 A geit s L (P<0. 05).

R1 ERFBDH [n(%) ,M(Py,P,,)]
Tab. 1 Analysis of clinical data [n(%) ,M(P,.P.,) ]

Factors Groups Zltly* value P value
Training set (n=665) Validation set(n=284)
Gender 0.03 0.933
Male 439 (66.0) 189 (66.5)
Female 226 (34.0) 95(33.5)
Age (years) 67.0(59.0,73.0) 67.0(57.8,72.0) -0.83 0. 405
History of DM 2.88 0. 107
No 523 (78.6) 209 (73.6)
Yes 142 (21.4) 75 (26.4)
History of HTN 0.01 1. 000
No 290 (43.6) 124 (43.7)
Yes 375 (56.4) 160 (56.3)
History of CI 0.73 0. 447
No 537 (80.8) 236 (83.1)
Yes 128 (19.2) 48 (16.9)
History of CHD 0.09 0. 834
No 551 (82.9) 233 (82.0)
Yes 114 (17. 1) 51(18.0)
History of CHF 0.77 0.421
No 380 (57.1) 171 (60.2)
Yes 285 (42.9) 113 (39.8)
BMI (kg/m* 24.9(22.7,27.5) 25.0(22.7,27.3) -0.75 0. 454
BNP (pg/mL) 401 (628) 393 (616) -0.03 0. 855
NLR 2.00(1.53,2.77) 2.09 (1.64,2.81) -1.13 0.259
RBC (x10'/L) 4.49 (4.11,4.86) 4.56 (4.14,4.92) -0. 84 0.399
HGB (g/L) 138 (126,149) 140 (127,151) -0.61 0.543
HCT (%) 41.7(38.3,44.7) 42.1(38.3,45.3) -0.91 0. 360
RDW-CV (%) 13.2(12.5,13.7) 13.2(12.7,13.9) -1.22 0.223
RDW-SD (L) 44.5(42.3,47.3) 44.8 (42.3,47.4) -0.36 0.719
TBil (pmol/L) 16.8 (13.0,21.4) 15.9(12.3,21.4) -1.43 0. 154
DBil (pmol/L) 3.24(2.43,4.21) 3.10(2.20,4.19) -1.13 0.258
BUN (mmol/L) 6.03 (5.04,7.30) 6.12(4.97,7.74) -0.93 0.352
UACR 4.80 (4.01,5.74) 5.03 (4.14,5.78) -1.77 0.077
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F1(8)

Tab.1 (Continued)

Factors Groups Zltly* value P value
Training set (n=665) Validation set(n=284)

eGFR [mL/(min-1.73 m*) ] 91.0(78.0,100.0) 92.0(77.0,100.0) -0.26 0. 791
FPG (mmol/L) 5.27 (4.81,6.03) 5.29 (4.78,6.26) -0.82 0.414
TG (mmol/L) 1.20 (0.94,1.73) 1.26 (0.95,1.74) -0.52 0. 605
MHR 0.34 (0.27,0. 45) 0.35(0.26,0.45) -0.07 0.947
LP (a) (mg/L) 116 (58.0,233.0) 114 (57.1,236.0) -0.49 0. 623
LAD (cm) 4.65(4.32,5.01) 4.60 (4.28,5.01) -0.92 0.356
LVEF (%) 57.0(53.0,60.0) 57.0(54.0,61.0) -0.52 0. 601
Electrocardiogram f-wave pattern 0.01 0.978

Coarse wave pattern 281 (42.3) 121 (42.6)

Fine wave pattern 384 (57.7) 163 (57.4)
LAAT 2.51 0. 151

No 619 (93.1) 272 (95.8)

Yes 46 (6.92) 12 (4.23)

Clinical medication history

B receptor blocker 0.27 0. 669

No 536 (80.6) 233 (82.0)

Yes 129 (19.4) 51 (18.0)
ACEI/ARB/ARNI 1.50 0. 249

No 426 (64.1) 170 (59.9)

Yes 239 (35.9) 114 (40. 1)
Aldosterone receptor blocker 0.63 0.484

No 555 (83.5) 231 (81.3)

Yes 110 (16.5) 53(18.7)
SGLT-2 inhibitor 4.78 0.039

No 609 (91.6) 247 (87.0)

Yes 56 (8.42) 37 (13.0)
LVH 0.65 0. 464

No 377 (56.7) 169 (59.5)

Yes 288 (43.3) 115 (40.5)

2.2 YIZEEANBR R E KL E X Logistic B3
AT YR R B R 2 Logistic [ 4347 Fi At
MR IR AT 25 R R, 2 51 (P<0. 001) AF#% (P<
0.001) . HTN (P<0.001) . DM (P<0.001) . BMI (P=
0.03) . BNP (P<0.001) . £I 41 Jifd 31 %% (P<0.001) .
HGB (P<0.001) ., I 4ff Jifg Lk %5 (P<0. 001) \RDW-CV
(P<0.001) . RDW-SD (P<0.001) . & JH 21 % (P=
0.005) . H # IH£1 & (P=0.001) ., BUN (P<0. 001) .
eGFR (P<0.001) ., LAD (P<0.001) . LVEF (P<
0.001) > HL & £ % ) (P=0. 06) 55 PeAF & 4 I
LVH A A6 (% 2) , HIGH i 32k v (%5 22 Tol
¥1>0. 1.7 28K B VIF ¥9<10) o DL A8 B 44
AZHZ Logistic B1H 2317, LRSS I LVH(EIF
=1, KA I=0) R HA G, 458 8x, M5 HTN,

DM .LAD.LVEF,BMI,RDW-SD J& PeAF & & & f
LVH B fE i R &= (£ 2) .

2.3 FI&BEME T I%%E 2R G Logistic
[l U1 - BT 5 5 14 14 7 J 40 7 s i R 28 4 e 471 2 ]
DAL, UL 1,

2.4 FNEEREBHEIESTUNEETEDN  HIFAS
T AL A () B , A 2l T IR AR S IR RS 1Y
ROC fh £ (¥l 2A . 2B) , J AUC fH 43 5 4 0. 862
(95%CI: 0. 834 ~0.890) . 0.870 (95%CI: 0. 829 ~
0.911) , $2 7~ P I ASE Y ELA b (9 X 43 BE o 2 il A
HEMZ (K13A.3B) , YIZRAE GG IE AR B M HE it 2 1Y
Hosmer-Lemeshow 5 5 * {d 43 % & 6.287 (P=
0.615)F1 4.856(P=0.773) , 2R G2 X, %
HH 21 24 P ASE R (7% o) AR 232 it 4 5 B At e 22 [) 1
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F2 YEERRFREMSFEE Logistic BIIADHT (M (P, P,5) ]

Tab.2 Univariate and multivariate Logistic regression analysis of training set [V (P,,.P,;) ]

Univariate Logistic regression analysis

Univariate Logistic regression analysis

Factors
OR (95% CI ) P value OR (95% CI) P value
Gender
Male
Female 3.67 (2.78,4.88) <0. 001 3.30 (1.07, 7.80) <0. 001
Age (years) 1.03 (1.02,1.04) <0. 001
History of DM 4.60 (3.32,6.42) <0. 001 4.72(2.94,6.42) <0. 001
History of HTN 2.23(1.71,2.92) <0. 001 1.78 (1.71,2.92) 0. 008
History of CI 1.10 (0.79,1.53) 0.582
History of CHD 1.91 (1.37,2.69) <0. 001
History of CHF 3.54 (2.70,4.65) <0. 001
BMI (kg/m*’ 0.96 (0.93,1.00) 0.030 0.92 (0.87,0.97) 0. 002
BNP (pg/mL) 1.00 (1.00,1.00) <0. 001
NLR 1.02 (0.95,1.09) 0. 566
RBC (x10"/L) 0.65 (0.52,0.81) <0. 001
HGB (g/L) 0.98 (0.97,0.99) <0. 001
HCT (%) 0.95 (0.93,0.98) <0. 001
RDW-CV (%) 1.46 (1.30,1.65) <0. 001
RDW-SD (L) 1.08 (1.05,1.12) <0. 001 1.01 (1.05,1.10) 0. 029
TBil (pmol/L) 1.02 (1.01,1.04) 0. 005
DBil (pmol/L) 1.14 (1.06,1.23) 0.001
BUN (mmol/L) 1.13 (1.07,1.20) <0. 001
UACR 0.99 (0.90,1.08) 0.747
eGFR [mL/ (min+1.73 m?) | 0.98 (0.98,0.99) <0. 001
FPG (mmol/L) 0.98 (0.91,1.05) 0.516
TG (mmol/L) 0.91 (0.77,1.08) 0.263
MHR 1.01 (0.82,1.26) 0. 900
LP (a) (mg/L) 1.00 (1.00,1.00) 0.249
LAD (em) 3.52 (2.66,4.66) <0. 001 3.75(2.38,5.90) <0. 001
LVEF (%) 0.89 (0.87,0.90) <0. 001 0.89 (0.86,0.92) <0. 001
AF of fine wave pattern 1.44 (1.11,1.88) 0. 006
LAAT 1.60 (0.94,2.75) 0. 085
B receptor blocker 1.20 (0.86,1.66) 0.274
ACEI/ARB/ARNI 1.06 (0.81,1.38) 0. 674
Aldosterone receptor blocker 1.09 (0.77,1.53) 0. 628
SGLT-2 inhibitor 1.50 (0.98,2.32) 0. 063

BA B —2r: . DCA #ZE (K 4A 4B) R,
WRTEVIZAEIL SR IUEE | 51 ZE K HR BR 08 B 1 1,
T PeAF 45 JF LVH A9 AU, AT 845 1 ¥ 4
2.5 WESWH

2.5.1 Cox®=)aAp##m RFCA KJg B Z 49 et B
F  YIAWIF R HNE Cox MH 50 M AL L PR K
Y53 M 45 5 o L AR L LAD (40 Y AF _.RDW-CV .
RDW-SD. HGB. HCT. Il JL iF (serum creatinine,
CRE) JRM& (uric acid, UA) % 28 2 74 Gi it
2ETEL(P<0.05) , H G i AL 26 (25 22 1% Tol 247>
0. 1.7 22K T VIF ¥<10) . #— 2 H % Cox

[l U5 43 B 4 i AR 24 I R R, B LAD 3G KOf
4 Y% B AF S RFAC R J§ & & 09 Bl 57 f& B [
£(F3).
2.5.2 Cox I )25 # & & MACE 464 e B &
N AWF5E H 3 B 2 Cox [B1H 3BT AR 2R PR 4G 56
AT R BN AR BNP LAD 409§ & AF \LVEF .
LVH .RFCA 22 %A Geit22 5 L (P<0.05), HCH]
L P (B 2 Tol ¥9>0. 1,057 22 MK A 7 VIF ¥ <
10) o #E—2 Z 2 Cox [0 I 437 I 428 1) LA YR 2%
N2, AR 3K LAD 34 K 40 8 AF  LVEF [
i \LVH J& MACE F44- sk 57 fa 5 22, T RFCA &



M EAMKFF®  Acta Universitatis Medicinalis Anhui

2026 Mar;61(3)

+ 557 -

Points
Gender
History of DM

History of HTN

BMI (kg/m’)
RDW-SD
LAD (cm)
LVEF (%)
Total points

Probability of LVH

10 20 30 40 50 60 70 80

90

100

Female

------------

8 75 70 65 60 55 S0 45 40 35 30 25 20 15

0 20 40 60 80 100 120 140 160 180 200 220

0.01 0.10 0.30 0.50 0.80 0.90 0.99

1 3JEMEREE PeAF 2E & LVH XK 5 & E

Nomogram for the risk of LVH in patients with non-valvular PeAF

240

260

Fig. 1
A

1.0 |

0.8 -
z 0.6 | 0.434 (0.809,0.756)
704

AUC:0.862
02 L (95%CT: 0.834-0.890)
0 -/| Il Il Il L Il

1.0 0.8 0.6 0.4 0.2 0
1-Specificity

B
1.0

e
(o)}
T

0.456 (0.805,0.800)

Sensitivity

N
i
T

AUC:0.870

021 (95%CI: 0.829-0.911)

1.0 0.8 0.6 0.4 0.2 0
1-Specificity

B2 lZE(A)FIIESE (B) AR 1E ROC # 2k
Fig.2 Time-dependent ROC curves of training set (A )and validation set (B)

MACE RPN 2R (K 4) .
3 itig

AF IR b WA P AL AR 22—, 8
TRy v T A SR R P R ) R [ A, 4%
Gy B AR A S8R S kR E 0 T 5 v A
DI B AT 5 FE AR 1 15 A5 0T A0 ™ H R SR A
AR PeAF BE KA LVH AT RESE HH T PeAF 5
HT O E BRI G I O = SE S ATk DI RE Y

55 UL RO LA AL 0 AT RS o T PeAF 11 3R
AT LVH 2 S 30UR & = 6 JE R AR YT R 22 1)
— PP RS . L, RN R B PeAF
BEB L LVH e N ZE B A EEE L, fEARD
FEH, Z I F Logistic [ 70 M 45 S R0, &% |
HTN.DM.LAD.LVEF,BMI.RDW-SD J& PeAF 4 3f
LVH M EHZ G H R . BRI PeAF & A IF
LVH () MACE =} % 4= % 5 & , RFCA 7] g &A%
MACE F4 &%,
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B
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Nomogram prediction probability Average error =0.006

B3 iIZRE(A) 5RIEE (B) K&

Fig. 3 Calibration curves of training set (A) and validation set (B)

A L 0L S LA LA ALY L LLAAAALE N UL L LML P
1.0 TR
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--- Standard curve
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02F
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02F
\
ot
0 0.2 0.4 0.6 0.8 1.0

High risk threshold

BEl4 IZE(A) EHRIEERKHL(B)

Fig. 4 Decision curves of training set (A) and validation set (B)
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£3 Cox@MEAANMEMRFCAREELRWRKRES

Tab.3 Cox regression analysis of the risk factors influencing the recurrence after RFCA surgery

Variables Univariate Multivariate
Z value P value HR (95%CI) Z value P value HR (95%CI)

Age 2.85 0. 004 1.02 (1.01-1.04) 0.21 0. 831 1.00 (0.98-1.03)
RBC -3.48 <0. 001 0. 68 (0.54-0. 84) -0.22 0. 824 0.93 (0.49-1.76)
HGB -3.72 <0. 001 0.99 (0.98-0.99) -0.03 0. 980 1.00 (0.98-1.02)
HCT -3.66 <0. 001 0.96 (0. 94-0.98) -1.44 0. 149 0.98 (0.95-1.01)
RDW-CV 2.36 0.018 1.12 (1.02-1.23) 0.24 0. 808 1.03 (0. 82-1.29)
RDW-SD 2.71 0. 007 1.04 (1.01-1. 06) 0.53 0.597 1.02 (0.96-1.08)
CRE -2.10 0. 036 0.99 (0.98-0.99) -0.58 0.561 1.00 (0.99-1.01)
UA -2.29 0. 022 0.99 (0.99-0.99) -1.16 0.247 1.00 (1.00-1.00)
LAD 5.59 <0. 001 2.10 (1. 62-2.72) 4.19 <0. 001 2.14 (1.50-3.05)
Gender

Female 1. 00 (Reference) 1. 00 (Reference)

Male -2.57 0.010 0.70 (0.53-0.92) -0.71 0. 475 0.84 (0.52-1.36)
LVH

No 1. 00 (Reference) 1. 00 (Reference)

Yes 2. 66 0. 008 1.43 (1.10-1.87) -0.05 0.958 0.99 (0.65-1.51)
f-wave pattern

Coarse wave pattern 1. 00 (Reference) 1. 00 (Reference)

Fine wave pattern 6.34 <0. 001 2.66 (1.97-3.60) 5.09 <0.001 2.44 (1.73-3.44)

F4 CoxEANLMELEMACEEHNEREE

Tab.4 Cox regression analysis of risk factors for the occurrence of MACE events

Factors Univariate Multivariate
7 value P value HR (95%CI) 7 value P value HR (95%CI)

Age 4.14 <0. 001 1.03 (1.02-1.05) 2.97 0.003 1.03 (1.01-1.04)
BNP 3.70 <0. 001 1.01 (1.01-1.01) 1.11 0.266 1.00 (1.00-1.00)
LAD 5.49 <0. 001 1.08 (1.05-1.11) 4.06 <0. 001 1.07 (1. 03-1. 10)
LVEF -5.56 <0. 001 0.96 (0.95-0.98) -3.28 0. 001 0.97 (0.96-0.99)
LVH

No 1. 00 (Reference) 1. 00 (Reference)

Yes 4.65 <0. 001 1.87 (1.44-2.44) 2.06 0. 040 1.40 (1.02-1.92)
f-wave pattern

Coarse wave pattern 1. 00 (Reference) 1. 00 (Reference)

Fine wave pattern 4.51 <0. 001 1.95 (1.46-2.61) 3.27 0.001 1.72 (1.24-2.39)
RFCA

No 1. 00 (Reference) 1. 00 (Reference)

Yes -5.68 <0. 001 0. 45 (0.34-0.59) -2.67 0. 008 0. 64 (0.46-0.89)
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Analysis of risk factors in patients with nonvalvular persistent atrial

fibrillation complicated with ventricular hypertrophy and construction

and validation of prediction model
Liu Fang, Zheng Peiyang, Wang Huimin, Li Danni, Liang Ao, Zhao Ren

(Department of Cardiology, The First Affiliated Hospital of Anhui Medical University , Hefei

Objective

230022)

To construct a nomogram prediction model for non-valvular persistent atrial fibrillation

(PeAF) patients with left ventricular hypertrophy (LVH) , followed by prognostic analysis through follow-up.

Methods

This study retrospectively enrolled 949 patients with newly diagnosed and hospitalized non-valvular

PeAF. Among them, 403 patients presented with LVH. The cohort was randomly stratified into a training set (n=

665) and a validation set (n=284). Univariate and multivariate Logistic regression analyses were employed to iden-

tify independent risk factors for PeAF complicated by LVH. A nomogram prediction model was subsequently con-

structed and evaluated for discriminative ability, calibration, and clinical utility using receiver operating character-
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istic (ROC) curve analysis, calibration plots, and decision curve analysis (DCA). Results Seven independent
risk factors were ultimately identified and included in the prediction model: female sex, hypertension, diabetes,
red blood cell distribution width-SD (RDW-SD) , body mass index (BMI) , left atrial diameter (LAD) , and left
ventricular ejection fraction (LVEF). The area under the ROC curve (AUC) in the training set was 0. 862 (95%
CI: 0.834-0.890) , and in the validation set, it was 0. 870 (95% CI: 0.829-0.911), demonstrating excellent
predictive performance. Conclusion Independent risk factors for LVH in PeAF patients include female, hyperten-
sion, diabetes, RDW-SD, BMI, LAD, and LVEF. The prediction model built based on this can help early identi-
fication of PeAF patients with high risk of LVH. At the same time, the incidence of major adverse cardiovascular
events (MACE) is higher in PeAF patients with LVH. Patients with atrial fibrillation combined with LVH may ben-
efit from catheter ablation.

Key words persistent atrial fibrillation; left ventricular hypertrophy; risk factor; nomogram; major adverse car-
diovascular events; recrudesce; Cox regression analysis
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Preparation and hydrolytic activity analysis of dual-catalytic-triad PETase
Su Qiudong', Yao Xining’, Qiu Feng', Wang Feng', Zhang Shuang', Xu Ke', Bi Shengli', Wang Yanhai'
(" NHC Key Laboratory of Medical Virology and Viral Diseases , National Institute for Viral Disease Control and
Prevention, China CDC, Beijing 102206; * Beijing Beier Bioengineering Co. Ltd. , Beijing 102612)

Abstract Objective To prepare a recombinant PETase with a dual-catalytic-triad and to evaluate its efficiency
in the biodegradation of polyethylene terephthalate (PET). Methods Based on the crystal structure of wild-type
PETase, point mutations (T88H/L.117D) were introduced via site-directed mutagenesis. The recombinant protein
was prepared using prokaryotic expression and chromatography purification techniques. The enzymatic hydrolysis
of the mutant PETase was assessed by relatively quantifying the products mono (2-hydroxyethyl) terephthalate
(MHET) and terephthalic acid (TPA). Results Both wild-type and mutant PETases accumulated as inclusion
bodies, accounting for approximately 20% of the total bacterial protein. After solubilization in urea, the proteins
were eluted at 300 mmol/L imidazole during affinity chromatography purification, with concentrations of 1. 824 and
1. 833 mg/mL and purities of 83.11% and 84.32%, respectively. Subsequent anion-exchange chromatography
yielded highly pure enzymes in the 200 mmol/I. NaCl fraction: 2. 776 mg/mL (96. 86% purity) for the wild type
and 1. 967 mg/mL (95. 13% purity) for the mutant. Following refolding, the final concentrations were 0. 484 mg/
mL for the wild type and 0. 991 mg/mL for the mutant. Hydrolysis assays revealed that the mutant released MHET
and TPA at (237.67+17.00)% and (197.33+12. 01)% of the wild-type levels, respectively. Conclusion The
T88H/LL117D dual-catalytic-triad PETase is successfully prepared and it significantly enhanced PET-degrading ac-
tivity, thus, it"s a promising biocatalyst for PET bioremediation.

Key words polyethylene terephthalate; hydrolase; dual catalytic triad; site-directed mutagenesis; recombinant
protein; biodegradation
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