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Screening, identification, and degradation characterization of a
polyethylene terephthalate-degrading bacterium

YU Jingbo, HUANG Lirong, LIU Jiawen, WANG Yumei, WEI Yuehao, HE Yuehui, ZHANG Lei’

School of Ocean Food and Biological Engineering, Jiangsu Ocean University, Lianyungang, Jiangsu, China

Abstract: [Objective] To address the environmental pollution caused by polyethylene
terephthalate (PET), we screened functional bacterial strains capable of degrading PET and
analyzed their growth and degradation characteristics, aiming to provide theoretical support and
microbial resources for PET bioremediation.[Methods] Bacterial strains capable of degrading PET
were isolated from the soil samples collected around a landfill site. The selected strain was
identified based on morphological characteristics, physiological and biochemical properties, and
16S rRNA gene sequencing. The surface morphology and chemical group changes of PET films
before and after degradation were analyzed by scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), and water contact angle (WCA) measurements. The types
and concentrations of degradation products were quantified via high-performance liquid
chromatography (HPLC). [Results] A PET-degrading strain, designated YH-1, was successfully
isolated and identified as a member of the Cellulosimicrobium sp. genus based on 16S rRNA
analysis. The optimal growth conditions for strain YH-1 were 35 °C, pH 7.0, and 1% salinity, and
the strain exhibited robust growth within the ranges of pH 6.0-10.0 and 1% -4% salinity. After
6 days of incubation, YH-1 achieved a PET weight loss rate of 1.90%. HPLC revealed that
terephthalic acid (TPA) and bis(2-hydroxyethyl) terephthalate (BHET) were the main degradation
products, with concentrations of 3.87 mg/L and 4.70 mg/L, respectively. SEM images showed
obvious surface roughening and cracking of the PET film after degradation, while FTIR revealed
changes in functional groups. WCA measurements showed a reduction in contact angle from
79.385° to 65.052°, indicating enhanced hydrophilicity of the degraded PET film surface.
[Conclusion] Strain YH-1 demonstrates good environmental adaptability and PET degradation
potential. It can disrupt the PET film surface and generate typical degradation products. The
findings lay a foundation for further development of PET-degrading microbial resources and
exploration of degradation mechanisms.

Keywords: polyethylene terephthalate (PET); stepwise screening; biodegradation;
Cellulosimicrobium

Bifi 75 A BRIERL ™ B Y FFER R, SR (polyethylene terephthalate, PET) A H: H. &1t K )
) B H 25 RN, B R W R L TR W keEtERE RS L ORDIE . SRR

http://journals.im.ac.cn/actamicrocn



5440

YU Jingbo et al. | Acta Microbiologica Sinica, 2025, 65(12)

FHEFGURAS ) Z B P, SR, PET 43 F45H4
H TGRS E , BU PET 78 F AR EREE P AR kRS
B SRV KA B E A SR S P 75 )
R AL ey BRI A2 B A 3 3l A7 T RE
FER . RCRARDA S ks Ye S i, LA
SR(o AT HRLE K SR TR ),

SRS MR AR A L, AR R A s B A R
FL mAL, PREE A A AT, Ik PET
SHRLE W) 1 HE ) e 8 R M TR 5 Y — A
ROTIA . JTAER, BRS8N0 HERE . T
S BRI BRI B R PET 62 )
M4, AN AR ZE A R (Bacillus cereus)™,
A3 6 5k 7 B (Fusarium oxysporum) ™ 1 # %
(Penicillium simplicissimum)® 4%, 2 1 51 T JL
FlvE T & IR AT FE AR PET R fAE B2
MR PERE . X SO S B 1 ok R T 2 WA T
PESURW T SO, S A e . Bl B4
HA R MB =S G, Ideonella
sakaiensis 11 Yoshida % 1 KB, Bow HH &
() PET P A 0R D), S by £G5B A [ PR
(Priestia aryabhattai)"” . WEREZEFFT B (Bacillus
cereus)[13] (| %(Aspergillus fumigatus)[m]%
R 1) 3 fire 50k U)ok B O 4F R SR AE R B U E 1
Tolk AE W4 AR SE S A A I8 SC, A DG SE IR Y
B TARME PET IEYIFEnI 450 PO, BA

=1 TFIEBPETHREYD

LR A FRST AV S S A Y N & a1
TSR PET (RTAT1E, ol s 2eA: Prke
BB AR B I S S T 2 0 B Rl R R R BT I . X
LSBT Wil R BRI T PET SHRLSR1E 15 30
W ffeat B, L 20 D A 7K it (AN B s 1 L T
Tit o 1) I35 i) o i SR A L, 5 G 3
WA (Ideonella sakaiensis) } ¥ 43 9 1) PETase FlI
MHETase 4>, 7EREALK LR, PET ¥
JerE o Y, AnAL(2-5E LN OR
P2 s (bis(2-hydroxyethyl) terephthalate, BHET) #l
2- 92 & H X 28 — W iR I (mono(2-hydroxyethyl)
terephthalate, MHET), iz 28 4k 0 %F 28 — H i@
(terephthalic acid, TPA)F1 £, —Ji% (ethylene glycol,
EG)!'M, 3 SO SE B T 3R A W
fifg, o EL A v A U v U S e
I, A Re R PET BURME Mk IR ol e &t
SR HAE KA S 50

JUE HBTE A5 PET [FffE ot A8, H
R A O PN A B N VA A AR s 1l A
W, 2 i e L v AR R i T ) 2 TR Ak
X HE S PET A2 [ i 2 AR 1 i A7 B 22
=

AW 5T LA S SRR o 10+ SRR AR,
i BEARAF — MR EL#& PET &M% RE JI I B #E YH-1,
RO 2708 NIE B 12 =¥ f W) A = 7/ Koy R s i

Table 1 PET degrading microorganisms

LS JIEY) Wi A R e e A i 1) 27 3k
Strain Substrate Degree of degradation (%)  Time of degradation (d) References
Priestia aryabhattai PET powder 69.0 18 [10]
Bacillus pseudomycoides PET powder 66.0 18

Bacillus pumilus PET powder 64.0 18

Microsphaeropsis arundinis ~ PET powder 3.0 14 [11]
Microbacterium oleovorans — PET particle 1.0 5 [12]
Bacillus cereus PET granular 6.6 40 [13]
Bacillus gottheili PET granular 3.0 40

Ideonella sakaiensis PET films 99.0 42 [3]
Penicillium simplicissimum  PC-PET 3.1 28 [9]
Aspergillus fumigatus PET bottles 22.0 42 [14]
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YE, JR4E A R T U (scanning electron
(LR R A N N
(Fourier transform infrared spectroscopy, FTIR).
7K 4% fih £ (water contact angle, WCA)IM = Al =554
AR {431 (high performance liquid chromatography,
HPLC)X H MR AT 30T, LU SR 4
O AR S PR AL PR L8 S

1 M5

1.1 #mRE&E

K AR b W BT B B0y A, H
200 HfiFbii. RS, Rk im s raE s A A
HAEE, M LRI DR RAERY, BT
4 °CUKF RIS
1.2 FERFIFLEE

FEbkAy . R R . SMbEN . Bk . W
fR A8 . REIRER . EAKAMBRIE. LKA
EREE . LKA . —/KEMIRHE . Bk
SO . B O W K (dimethyl sulfoxide,
DMSO). HlE ., LR . X4 —HER(TPA).
2-$2 L FEXPE — HERIG(MHET) . X (2-32 2,3%) %
AR HIRBRBHET)Z K, Fhr TR (L) A
BN F]; PET k(200 H), TRYITH 5% X 24HE
SR ECRE s Tk g4l PET Wi, KA
F RIS AT PR RO b i BH A AR U Indg 28 541 |
FaE ¥ J HiAt Bh 7)) DNA #2050 & . PCR
Mix, A& TAY TRER(EERBRDARAR; A3
ARG, O AR PR A BR A F
B RN &, R ESEERA IRA A,

BT RKF, AR AR AR A BR A Al
WHERAIAS, IMPEELE FAHRAR,; R
NZEFEK WAy, Ll 7 A s A
BRAW] AEARREFRAE, H IR S8 S50 i 45 il 1
HRRF [HIRFEIR, Bluepard 2375 4K i
FRAL . BEiARAL . R S, (A AR
We 21 Ah 1% 4, ThermoFisher Scientific 2\ &) ;
/NRVEEOHIL, Eppendorf A #E TAES, £

microscope, SEM),

R ok & A BRAF s PCR 1L, Bio-
Rad A\l FAHE 7 BHUEE, Zeiss A F]; K&
fal AT, B T B e R R A BRA A
1.3 EFEE

LB i3 (g/L): W& Ak 10.0, BEEER
5.0, NaCl10.0, FHglizKECH], pH 7.0,

TeHLER AR 3 35 5 (/L) (NH4),S04 1.000,
ZnSO4+7TH,0  0.002, K,HPO,  0.700,
MgSO,-7H,0 0.700, NaCl 0.005, FeSO,-7H,0
0.002, KH,PO,0.700, MnSO4+H,0 0.001, JH#
ali/KEcHl, pH 7.0,

s 6 A B 3% 3 (@/L):  (NH4),S04 1.000,
ZnSO4+7TH,O0  0.002, K,HPO,  0.700,
MnSO,-H,0 0.001, MgSO4-7H,0 0.700, NaCl
0.005, FeSO,-7H,0 0.002, KH,PO, 0.700, PET
k(200 H), HE@ELEKECH, pH 7.00

1% 36 [ AR 1 3% 2L (g/L): (NH4)2S04 1.000,
ZnSO47H,0 0.002, K,HPO, 0.700, MnSO4H,0
0.001, MgSO4-7H,0 0.700, NaCl 0.005,
FeSO,-7H,O 0.002, KH,PO, 0.700, PET i ki
(200 H), g 20, HHZEKECH], pH 7.0,

1.4 BEHRNSESTHE

B 47 3 SO 3 A B ) SRR A 10 g, 2
FhF 100 mL % PET i iR G FR 58, 35 °C.
180 r/min ¥5 5% 6 d, #kfX 5 &, A RIS
107107 BREERR B, 43I 200 pL 3570 T3
PET ARG g3 |, 37 °CH53% 3-6 d J5 i 14
TEICASIATRI0E , Phide th 5 RG34 B R 7 0 1k
ARE: 7R 56 B 2 alifh 3 WA . B S BRI
R T LB AR 3239 35 °C . 180 r/min K555
12-18 h i, PBS ¥R 3 WK, % 15% fEFHEIIA
% 1 cmx1 cm PET B9 JTCHLER K5 R 5L
35°C, 180 r/min &51F RS 6 do LAJCE W X
M, % PET MRS RE#ik, MEHUREARAE ) o
FI BRI A G 2525
1.5 E# YH-1 ST REE

R = IX KR B SR AR YH-1 32
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P LB ARG FREL, 7F 37 °CAMF T EE5% 24 h,
WLZLIF 1L ST B HL TR L SRR . B 16 h 85
FEMR 1 mL, 12 000xg #.L> 5 min 55 L7,
FH PBS Z& s VR R R AR 2-3 IR KRR E T
2.5% I ERER T, T 4°CHEMHTREE 4R
DL b FRRECIFRERS, R 50%. 70%. 80%.
90%. 100% #6 & S BRI K , #:4% 10 min.
K G FE SRR T B2 TRA T, T 45 °CA
T4 12 he i SEM MR HAKES., 5%
CH LA R G2 T PO, BRI B 2
FhF AL RN A, 16 37 °CA&M T FR 24 h 5
R B 2 T 0 A DI 0 52 7 45 SR 1y B i B 42 o

{65 1138 JH 51 % 27F F 1492R % 1 #& YH-1
By 3L 41 DNA #54T PCR 754, PCR Fz i Al
F¥ e A W R 25 B A BRA Rl 5E k. il
i NCBI F 5 ) BLAST T. H (https:/blast. ncbi.
nlm. nih. gov) #E 47 [A] P LT, R HI MEGA 7.0
RAFH) 2B 4 (neighbor-joining) I R G K B -
1.6 Btk YH-1 B9E K45 MR
1.6.1 BEEHROHIZ

Bk YH-1 228 F LB IR B 3% 3
35°C, 180 r/min $%53% 12-18 h Ji, JHICH 0.9%
NaCl PR R A 3 ¥k, il 48 8 ODgoo=1.0 [
AT, T RS
1.6.2 A[E pH. BEFMEE I EK YH-1
== N A

W5 B O T TR LA 1% FERD B3 4 A
7 pH iy 3.0-11.0 (1 LB A 52 5L, Ziofik &
439125 HCl., MES. PIPES. HEPES. Tris-HCI,
NaOH, %' 3 41F17, F35°C. 180 r/min 5%
RG24 b, BERR— @ B RIREN ODgoo 1, %4
WA 2 . FEfoE pH A0F R R BIEA
20. 25. 30, 35. 40, 45 °CHJ LB 1A 1555 3t
o, KU, BRI E TRy K 2
S AN, APEALER EE T A KA, B
W MEANEE 1%, 2%, 3%. 4%. 5%.
10%. 15%. 20% NaCl f#) LB B339, ZEA[A]
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AT 5% 24 h, WAE ODgooo
1.6.3 @& YH-1 L PET AR % K
2 E

¥ ODgoo=1.0 MBI LA 15% Hefp iz A
100 mL % 745 JC W PET Wik (2 g/L) sk PET #
B (1 emx1 em) B TEHLER G TR 3L, & 3 VAT
HAAAEE XTI, 7F 35°C, 180 r/min &51FF
Kig% 3-6d, £ 24 h & ODgoo VAFE 24K
12
1.7 Bk YH-1 %} PET FURERREE R
1.7.1 S¥EHEEEMHPLC)S T

fii H} DMSO Pt il TPA. MHET F1 BHET
FRUER R (R EEYE R 0.2-1.2 mg/mL), £ 0.22 um
DENE AT I8

TR 3 RIS 6 RIBUERN 5 AR
FRAYTCHLER 55 F2 M (100 mL), 4 °C. 8 000 r/min
0 10 min BZBRER, EIE BT 2.0 mol/L HCI
J& pH % 2.0, RALMROHERIREC 1 k. WES
HUAH, eV G ki IA T 5 mL W, JR4
0.22 pm JEREE I8 5 A AT o

i/ Agilent TC-C18 (250 mmx4.6 mm, 5 pum)
REFE, BN 60% HEE+40% 20 mmol/L
KH,PO,, i 35°C, Jiik 0.5 mL/min, #EFEK
5 uL, Kl 240 nm.
1.7.2 EEMTRIINEEFTIR) ST

LB FIK I VR YH-1 35 1Y
PET ki 2-3 ¥ FFH 1% SDS #BIETE 2-3 Ik,
I 30 ming B SEREE, H 20% JooK OB
RHEE 3-5 K el LR (45 °C, 12 hyt
THUELF PET PRt . e e tgiE, M
TRALB AT R Ab P, SR FTIR X PET ki 5=
11 Y E RE A S5 A28 AE A T RAE 5 434

W2 IR BEE I HRITE 15-25 °C, AR FR7E
60% LN, DR et HmER s
JEFH 30 min, B PR I8 B R A TARIRES
b5 1217 OMNIC #XAFE AT B A o K Tk
B AR o o B TR A T LR A S
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PR AEE R -
1.7.3 KERNE

FESALBETEDL 1.7.2 75,
PET {2 R
1.7.4 FEBTFEHMESEM)S

FESHIETEW 1.7.2 %5, fRee TR, #
PET FUk7 ol 38 15 7] 2 W5 4 5 4 404 Pl 7 S f B
RSO S AR

W5/ D> g WA, I SR L O B T S R
FRIAT, o I S ARANCAE 10 mA HLUR T A7
SALFR 45 s, BEJG R SEM X RE S IE SR T 0
22, BEE MR RN 3kV, % SE2 KM
BEM AT A%
1.7.5 IKIZMA(WCA)THT

FEAARERTEDL 1.7.2 77, fFFsdeTn, K
PET JH B5EE A7 7K 122 ik £ 43 B ARSI 8 7K 1 1
Ak

6T 4 o A 0 AR A T KR i A I, K
10 pL # 4E K i A PET i £, I A
Young-Laplace J5 PR LG #EAT M E I 5, 27
BERIB 3 AN B AR B S0 A R A ] SR

2 BRE5AM

2.1 PET [EMEAIIFIELER

WERITHR R0 5 BREHE IR 1.4 W kT R
i, W& 1 s, @t 6d EFRlE, SR
FHEL, PERR A fff PET W™ A4 T 29 0.79% BT
IO, Wk Bl PE M4 T2 1.08% Y
HHde, Bbk C i PET M= 2L T2 0.76% HY
Bk, Btk E il PET #4725 0.92%
FIFEE . ML T, PET MIE/EF M YH-1
FIER FreAE T ER SR RERL, 4h
1.78%. b i A BE BB bR YH-1 47 iF— 25
7% o
2.2 Btk YH-1 BOTL S S5

F PR YH-1 8958 7% 76 LB Biifig e b 52 9% ¢
. BB, NEW, L%, fEftE, 5

frog T a &
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2.0 F
S st
L
s
_é) 1.0 I I
® I [
[}
2 05

0.0

Control A B C YH-1 E

Bl TEEHCEEPETERELER
Weight loss rate of PET films after
treatment with different strains of bacteria.

Figure 1

THEEU(E 2A); BV BN 2-3 mm (& 2B);
SEM K& B 7R % R AR A0 TR S R A AR, W
i EEEYE ,, HICIEE, JE2E(E 20).
23 Btk YH-1NFERARGAE T

PR B YH-1 B9 4 DNA J5, i1
FB1 % 16S rRNA JE[H X 847 PCR §7 4,
F 3 2o Byt i AR O R R VOKS T AS R AT A3 AT
mE 3A B~ , 152/ PCR 734 7 Bt K/
91500 bp, HFARAGAY YH-1 FE K 351 5 5088
o TS 5 BLAST #E4T FERA0HT, 45
FRWHERE YH-1 J& T Cellulosimicrobium J& . N
T k200 YH-1 BORZ% C &R, 1] MEGA
7.0 AR YH-1 56 R % U100 HA i/ AR 477
I HE, I FH 4B 2 (neighbor-joining) 1 #4) 4 22
GEBW. REKEWNEREN, Fk YH-1
55 Cellulosimicrobium cellulans W) 3£ % 5 2258 H
Y, —3 R 99.93% (WK 3B).
2.4 EH YH-1 WEBELEE

I A W 2 4% A A Al R A Y B 6 R R
IF25 G 6 A5 BRI T FL R N RRAIE AR OCEE 2R
W 2, FEE YH-1 A& 2 4Efb £4F 4l i i 2 A
FRAE, Gzl m pHE . RS IREh A R BH M . K
BRSSO EP R A5,
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B2 EHRYH-1RS4FE. A: WHRYH-1848 B: WRYH-IREEELS; C: WHRYH-11£25 000<4 K
T IISEMENE

Figure 2 Colony morphology of strain YH-1. A: Strain YH-1 spot plate; B: Colony morphology of strain YH-1;
C: SEM of strain YH-1 at 25 000x magnification.

A B 97 Cellulomonas biazotea strain DSM 20112 (NR 119098.1)

- 100 Cellulomonas biazotea strain 127 (NR 037075.1)
96 ellulomonas fimi strain NRS-133 (NR 037076.1)
2000 100 —:gellulomonas cellasea strain NRS-124 (NR 037077.1)
1 500 bp 100 ellulomonas cellasea DSM 20118 (NR 119096.1)
100 I:éanguibacter suarezii strain ST26 (NR 029278.1)
1 000 100 anguibacter massiliensis strain Marseille-P3815 (NR 179620.1)
750 ellulosimicrobium terreum strain DS-61 (NR 044070.1)
500 33 ellulosimicrobium marinum strain RS-7-4 (NR 146662.1)
100 YH-1*
100 ellulosimicrobium cellulans strain DSM 43879 (NR 119095.1)
250 —Isoptericola cucumis strain AP-38 (NR 151863.1)
100 90 “——Isoptericola nanjingensis strain H17 (NR 117941.1)
I—Isoptericola dokdonensis strain DS-3 (NR 043779.1)
] 46 Xylanimonas pachnodae strain VPCX2 (NR 024956.1)
0.005 100 Xylanimonas ulmi strain XILO8 (NR 029089.1)

E3 ERYH-1/16S rRNARFEBKRRGE L ERM. A: 16S rRNA PCRY 1 Wi Bl HEBENE b Tk 25
(FKiEM: DNAJFTIbE; K1 WIRYH-19 T30 16S rRNAZH); B: T 16S rRNAZENFPSIHY
ARG EMEC: FRPITEREM: 755 N2 5 0 ERTEGenBank s 5 1P A8 55, [K1110.005
MEE RN PP AR 22 (8, 0 3 B BT BAR R EUH) .

Figure 3  16S rRNA gene electrophoresis and phylogenetic tree of strain YH-1. A: Agarose gel electrophoresis
of 16S rRNA gene PCR amplification products (Lane M: DNA molecular weight standard; Lane 1: 16S rRNA
gene bands amplified by strain YH-1); B: Phylogenetic tree constructed on the basis of 16S rRNA gene sequences
(*: Labeled the strain screened; The serial number in brackets is the GenBank accession number of the strain, and
the value of 0.005 represents the sequence deviation value; The number on the branch point represents the

confidence value).

2.5 E#k YH-1 BUE KSR
2.5.1 pH SEH YH-1 £ KBS0

FEANIE] pH BAEE 51 FEIRE YH-1 5557 24 h 1)
ZiRANE AA s . S5 RY], W YH-1 18
pH 5.0-10.0 Z [H] ¥ REIE# A K, I H G R 1
FE AR 2 A B T A2 P . 7F pH 6.0-8.0
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JE B AR YH-1 AR KRGy, o pH 7.0

A e AR KRS . 2R, 7 pH M 3.0,

4.0 A1 11.0 B ILPARAER, WoR B 7E R

PERBE ST B A 32 2P0

2.5.2 REXER YH-1 £ K950
TEANFR BERR B S5, AR YH-1 35 5%
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R2 BEMRYH-1EIBEFMESR

Table 2 Results of physiological and biochemical characteristics of strain YH-1

i H YH-1 T H YH-1
Test item Test item

A ) + L -
Gram staining Hydrogen sulfide (H,S) production

V-P - g -
Voges-Proskauer (V-P) test Mannitol fermentation

AL - A +
Methyl red test Glucose fermentation

B fuh ity + HAh -
Catalase activity Glycerol utilization

AL - N +
Oxidase activity Gelatin hydrolysis

iRt - AN +
Urease activity Xylose fermentation

KR - (TETA(SE -
Urea hydrolysis Arabinose fermentation

THARER L) + FLpE -
Nitrate reduction Lactose fermentation

+FORPAE; BRI
+ indicates a positive result; - indicates a negative result.
24 h IE5RUNE 4B Fs . 451K, BkE YH-1
TEYREE N 20-40 °CZ YRR IE® K, HAER
B4 35 °CHI R I e AEA KRS . B8R YH-1
TEVRE N 45 °CRPARBEIE R A K, H5 40 °CH
A A K SE R AR G, YH-1 7E 20 °CHI 25 °Cif A= K
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Figure 4 Effects of different conditions on the growth of strain YH-1. A: Effect of pH on the growth of strain
YH-1; B: Effect of temperature on the growth of strain YH-1; C: Effect of salinity on the growth of strain YH-1;

D: Effect of incubation time on the growth of strain YH-1.
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Figure 5 High performance liquid chromatogram  Figure 6 Changes in surface functional groups of

of degradation products of PET particles by strain  PET particles before and after treatment with strain
YH-1 in different degradation time periods. YH-1.
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Figure 7 SEM images of PET particles under different treatments. A—C: SEM images of untreated PET particles
at 500, 100 000x, and 200 000x magnification, respectively; D—F: SEM images of YH-1 treated PET particles
at 500%, 100 000x%, and 200 000x magnification, respectively.
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Table 3  Quality changes of PET films after 6-day treatment with strain YH-1

et WG i 6 d)5 PN e

Parameter Initial weight (mg) 6 d weight (mg) Weight loss rate (%)
Sample 1 201.01 197.56 1.72

Sample 2 200.73 197.36 1.68

Sample 3 202.77 198.91 1.90

Mean+SD 201.50+1.06 197.94+0.84 1.77+0.12

PIATR . 6 A i Bk TR LU A2 R (n=3); M meantSDW3AFATHE M HOSEi 5
Initial weight, 6-day weight, and weight loss rate are expressed as mean+SD (n=3); The row of mean+SD represents the statistical

results of the three parallel samples.
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Figure 8 SEM images of PET films under different treatments. A—C: SEM images of untreated PET films at
500%, 100 000x, and 200 000x magnification, respectively; D—F: SEM images of YH-1 treated PET films at
500x, 100 000x%, and 200 000x magnification, respectively.
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Figure 9 Contact angle changes of PET films before
and after YH-1 treatment.
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