E = PCR EF1 DNA 325N E 2 — B2 (& IhRESER R &+ DNA 7%
BERtbiR

Edsh, R, FF, Weakm, TRk, A Y 276000)

HE: B 2 BRgHH R C B4 45 E 40 R 82 85 (PEGylated uricase, PEG-UHC)/R % DNA %8 &% %k, H ik

%42 5 PEG 445 & & 254769 DNA X G EAMREAF, 5K AR P EHH 2020 F=3F “IFRH% DNA X § Z 40

7 —ik DNA 74t £ kA 5 =ik 2 & PCR i, # M PEG-UHC &% DNA &% ¥; 2% PCR k3 /T4 MM A .

BTLE . BB R F Sk IiE; 3547 3 #k PEG-UHC R DNA Z B M. R 45K 5 DNAKY

B EBETEE A 1x104~0.1 ng-pL~!, 3 ok PEG-UHC Rig AL 2 2 &, DNA % B 34K T 4% 10 ng. PCR k4

M E A 1x10° ng-uL™!, DNA iR E £ 1x107#~100 ng-pL~' A &M X & RIF(R?>=0.999). &~ F ik & 49 4~ /& DNA /& PEG-UHC
JR i P A B R E A 92.57%~114.17%, % ¥ PEG 138k 4p 3 & & PCR % a4, 3 #k PEG-UHC R i#&%F DNA X & &

S A AHER 0143, 0.187, 0.154ng, HFEBRARLEBELARE LK, £518 DNA AR AN HR AN, Hit

BK, BAEEMK. £% PCR XBRFERMEHkR. RHES, LT 2E5#, & F PEG-UHC ¥ % {25 PEG 4 & & thdh

DNA &=l €.

XKHE): DNA KB &; £ % PCR i%; R4H4 ik; PEG 154 ki i

FESES: RI17.101 kiR : B NERE: 1007-7693(2022)14-1868-06

DOI: 10.13748/j.cnki.issn1007-7693.2022.14.012

SIAARI:E &, A3, 31T, F. 8 PCR &A= DNA 2 3k Jg & — B2 546 J Bk B R i 7 DNA 7% 8 & 69 tu4x[1].

o B IR B R 25 5, 2022, 39(14): 1868-1873.

Comparison of Quantitative PCR and DNA Hybridization for Detection of Residual DNA in PEGylated
Uricase Stock Solution

HUO lJingjing, WU Xiaoqi, GUO Yong, YAO Jipeng, ZHANG Chun’(School of Pharmacy, Linyi University, Linyi
276000, China)

ABSTRACT: OBJECTIVE To develop fast and accurate method for determining the residual DNA in PEGylated uricase
(PEG-UHC) stock solution, and provide reference values for residual DNA quantification in other multiple-sites PEGylated
protein drugs. METHODS The Quantitative PCR and DNA hybridization methods were used to determine the residual DNA
based on “Exogenous residual DNA testing methods” in Chinese Pharmacopoeia 2020 edition Vol III. The detection limit,
linearity, range, accuracy and precision of the quantitative PCR method were further evaluated. The residual DNA in three batches
of PEG-UHC stock solution were determined by the above two methods. RESULTS The concentration ranges of DNA
hybridization assay were 1x104-0.1 ng-uL™!, and there were no coloration upon the addition of PEG-UHC stock solution,
indicating the quantities of residual DNA were below 10 ng per does in the three batches. The developed quantitative PCR had
high detection limit up to 1x107 ng-pL~! of DNA with good linearity(R’=0.999) in the concentration range of 1x10™#~100 ng-uL".
The recoveries by adding different concentrations of standard DNA to PEG-UHC solution were 92.57%—114.17%, indicating no
interference with PEG-UHC. The residual DNA of three batches of PEG-UHC stock solution was 0.143, 0.187, 0.154 ng per dose,
respectively. All the contents met the National Medical Products Adiministration requirements for residual DNA.
CONCLUSION The DNA hybridization assay is traditional qualitative methods, suffering from drawbacks of long
time-consuming and low accuracy. The quantitative PCR assay has advantages of simple operation, high sensitivity, and can be
used for quantitative analysis of residual DNA in multiple-sites PEGylated protein drugs.

KEYWORDS: residual DNA; quantitative PCR; DNA hybridization; PEGylated uricase

o PRI MLAE AR XU ™ B AR Ak, JCIEBBIRIA R H Y. JRIRAF(EC 1.7.3.3)A]
KPR BAIGRYT 5 REMIE R IR AR - 5 s e IR IR A N DI TR ¥R, E I TIRYT
2 A A T R4 ) L 2B 1 R A B S % i PRIRIAAE B AU i PN TE AT AT R IR il 2 2

EE&WHE . ARG HAWILITHI(2018GSF121017); H BHEHLAIH £ 51(2019CXZX1205); KB ADIIZRRI5 H (X202110452211)
TEERBN BT, Lo, W4 E-mail: huojingjing3566@163.com BEEE R, D, B E-mail: zhangchun@lyu.edu.cn

- 1868 - Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14 Fp I E R FH 242 2022 4E 7 ASE 39 55 14 31



Y, Ebs EE LT RIREER YA 2002 4
3 [ 1 i 24 o W BHAE BELR) (FD AL i A 2 41 25 il
FIRIRIREEEIA 2010 AEHEHER R £ ZBE(PEG) &
M R PR R B . i R e Rt v L
AR, HRE T 20k S R IR INUAE 1 58 WG 97 5
Ja# KR 25, B P I Rl KAk
RIS, Bl At PR IR R S TR 25

PEG Je—FEtEL Y, 4R tEimib)E T
HEAZMIUNEE, BaRsEAREN. &
P AR P RN R AR S e M SR R K 2020
4E, FDA CHt#E 11l 24 4 PEG 1B 8 1 2541,
TG 80 {23670, HARER LY 4
PEG &M 2 R4 M4 75 B R 7 . PEG &1
22T 408 A i (PEG-epoetin beta)55 , # %
2020 4, [E R 24 B B C AL UE 6 B PEG &
W2y b, A 2 30 ZKEE 254l i it PEG &1
25 R

AR EJF R PEG 16 T 4H JR R
(PEGylated uricase, PEG-UHC)AYIlE AR RAF5EE 1,
HHABIF 5 3% B A A PR R il 2 1P YR EE 9~11 A
5 kDa [ PEG 43121 PEG BMiAMUHE 6 TR %
BREGPURE D ERE, B L B T A A RS K
PERR, (R ES A sA— A TR AR N A r 2 T
YRR, BT 25 B MERE . Gong
WL PEG 214 Lowry HEIEE M5 & ;
Zheng U5 PEG &5 SDS KN, Tt
SDS-PAGE &llE 8 HalifE ; AEidl %M PEG
STBAAE IS, R B T 404 ks
TCHEHERG I E PEG-UHC & 119 PEG &4 15,

DNA 5% B 2 A ol ot i B i A U
W E 25 8 2020 AERUILE DNA 5% 84 B AR
10 ngl'®l, H R E A AU HE DNA 4 258 ik
D SURRA M IE P 352 I W i B 58 e
JEB R . K REERAL, B 2 Foriky
JoikE T DNA FR o EillE . & PCR HiAR
R ER DNA EmfalEoAR, CwhHh E 2y
2020 AFRRFRIGE, B R, v S
A0 H G R A X PEG (R T4 DNA 5%
BA 2 22 B BIFSE

AHF5E 3T 22 f PCR FARFE AP | w1
DNA 5% & illE ik, 47 PEG MY THE04T,
FESRTHIC @71 DNA AT 438 s b AT FL AL BT
5%, W PEG-UHC Jiiyik DNA 58 84 SRk, Xt

P E AR 2 2022 48 7 A5 39 5 14 1

3 HEWR AR IEAT DNA 5% B e , S Hofh 2240 0
PEG &1 75 1254 i) DNA 3% B 8 kGl $e it 2 % |
1 XEE5F

1.1 X8

Slot Blot Manifold El3lk 2248 (3£ [E GE /A H));
P i PCR X (f%[E Eppendorf A ).

1.2 25 5

M3 3 Yk PEG-UHC JEI (I I K242
Bi, #t5: 200307, 200404, 200423); KIHFFH#
HAHAWMImIT RFL 7R, &Y.
pET3c-UHC/BL;;Star(DE3)pLysS],

Genomic DNA Purification Kit (3&[E Promega
A, 5 0000319398); DIG High Prime DNA
Labeling and Detection Starter Kit I(#fit: Roche 7y
"), 5. 11745832910); Real Master Mix (SYBR
Green) KR AR (AL ) B R A ], it
00415].

2 FEEHR

2.1 DNA %458k

2.1.1  [HMEXT IR DNA %  BUR# b pET3c-
UHC/BL;;Star(DE3)pLysS #%#F 5 mL LB 15373
i, 37 CIRG R R. BoBERK, H
Genomic DNA Purification Kit 3285 EFE LN A
DNA, FIFEEAM 100 Bl e v i o R B R 4
DNA FIK KRB Redk B2 100, 10, 1, 1x107",
1x1072, 1x1073, 1x10*, 1x107 ng-pL~' 7€ EAR
HESL, T—20 °CIR-AE

2,12 WEHRIC AR ICACERN 4% DIG High
Prime DNA Labeling and Detection Starter Kit I iz
G ULRA B TR e PRid . B 1 pg BHPEXT R
DNA # PCR ¥ 348, Mgk = 16 pL, #HH
Ab3 30 min, #RE/KIA 10 min J5, SZHIPKIA 10 min
AP, Bt DIG-High Prime (viaLl) 4 pL i AZSME
DNA 1, JR%), T 37 CHRER . IRA RS
A EDTA ¥ (0.2 moL-L™', pH 8.0)2 uL, & fk4#
AW (4 moL-L™1)2.5 uL, FHIMA 75 uL VKB, F
—20 °CH%¥% 2 h.13 000 rmin' B5.0> 15 min, 3% I
I, B 100 pL 70% CBEER PEUTTE , KT A 50 pL
TE(Tris+EDTA ZZ it i iR UiTE , RS alifb i)
it

P bric ERE A1 BHPEXT B DIG-1abeled control
DNA(ViaL2) 73 5l LA S5 K B R, il ek B2 oy
10%, 10%, 10', 1, 107!, 102 ng'-mL™" YA, B
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PEXT R R 0 S K o o0 S A e BE VA VR 1 pl
120 °CHERE 30 min. 2804k, B, fsE, YRR
ST S, BT NBT/BCIP Bt i i i b {0,328,
Firp, BE, BOLEA, 1~2h JFWERLER, X
B R 2l K VE MBS 5 min A28 1k R L RS RE A
&R, FONRICRCE . AR ICAR S
B & A PR R D RCR A —3, AT
Ja%k PEG-UHC JFUE 075 £ DNA 5% 8w
E, BRI 1,
W /ng- mL-!
103 10? 10! 1 10! 102

anmiese @ €

anirinss @
WA E
mitxtese ® 0O

El1 HAFITRERNE
Fig. 1 Detection of probe labeling efficiency
2.1.3 PEG-UHC J5i# DNA R EIE S
K4y 9% 3 4tk PEG-UHC JB R 7 B &
4.0 mg'mL™", MM 100 pL & 1/10 AB5HE (A
LU A 4.0 mg), BHYE DNA X R LIS 7K
ik, e 430 100, 10, 1, 0.1 pg-pL!
MV, I GG K. 2B ARG K fikt
5, FH DNA gk & FF Filk DNA, (Al
WOE R SRR . BT HR L BHPE X B0 S A7 a5 R
HA8 K s, T X BH X B SRR Y R
Wk, MIMHERE s R DNA B &5, AR
W M DNA BRIV 117 (. (2 B I 25 VAR 2 1) A
MREAS, BT AN 5, 3 dit PEG-UHC Ji iy
K UL A, F0 3 4it PEG-UHC JE h7E T3
DNA 5% B #3<10 ng-(4.0 mg)~", #tiEl—=, 54
A EL R BR EEEER, A5 AR LA 2.
2.2 i PCR L
2.2.1 i PCR ML AR KGR 23S #%
Wi & RNA 2t [Hl (GenBank accession number
V00331, GI42756)i 1K T i 2 R 40 A S 5 |
Y1, 519 F5 40 F Prime23S-sense (5’-GTCTGGAA
AGGCGCGCGA-3’) f1 Prime23S-antisense(5’-GT
GTCCCGCCCTACTCA-3"), 5I¥Fsl Ay T
FE(ORIE)A PR AlA B o

B 1 pL KP4 DNA ARfEs WA, L
Prime23S-sense fll Prime23S-antisense 5|4, 1F
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B4

2 PEG-UHC FE i DNA A H EH A LR AN E 4R
A#: 1-100 pg-ul™'; 2-10 pg-pl™'; 3-1pg-pul™'; 4-0.1 pg-ul's B
A 1-2HXTER; 2-200307 4ik; 3-200404 dit; 4-200423 it

Fig. 2 Detection of residual DNA in PEG-UHC stock

solution by hybridization probe assays

Group A: 1-100 pg-pL~!; 2-10 pg-uL!; 3-1 pg-uL'; 4-0.1 pg-uL™".
Group B: 1-blank control; 2—batche of 200307; 3—batche of 200404; 4—
batche of 200423.

FEfE PCR XA TY 1S, SERTRR 2 Eom . &
H PCR X W& % : Power SYBR Green PCR Master
Mix(2X)12.5 uL, 51#1(10 pmoL-L™)4% 0.4 uL,

KN4 DNA Fr#Edh 1 pL, ddH O(sterilized)
10.7 pLo S 4A%: 95°C 10 min 0% Tag B4
fit ; 95 °CAME 15 s, 60 °CiB A A1 72 °CHE{H 1 min,
PEFR 40 W AU 7E B R K -SE A 20 3R (60 °C)
1) SR i X ) L RIS

222 SIYERRMERIE % 2117 TR kR
AR BE bR AE DNA, R4 “2.2.17 TR ik
HEATHRME DNA 22 S IHZ 1) PCR VAR R Y 1Y,

P18 B IR e it 42, 5 T A i U T 1Y
SIS o AR EE DNA FRife il 34 1 s ]
AR, HICARRE SR 5 4 K51
TRRBUR N, UER T ARSI PR R AT,
ZERILIE 3,

—J_
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Fig. 3 Melting curve
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PG SO S I, IIRCRR S, A
ERIER o 7E 1x107° ng-puL " R R 252 4f,
FUIA I LA KA AT BL2iStar (DE3) pLysS 4k
[KIZH DNA el R EE ATk %] 1x107° ng-uL™,
R 4,
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TEFEL
4 ZEEPCRIRERY Hi&

3 1 uL #5UE DNA, il 1 uL 6.0 mg-mL" F£ 5
YE2H PCR WA, B BEEATINRE 3 L, 4%
“2.2.17 WiF ki T i PCR ¥4 . FIA “[nl
W= A 0 2 (B i DU {)/Ar 7 DNA 3
WIE*100%” THE DNA [, 505 25 1 HER
PEo RRIHEE ARSI E 3 WK, TR AR
IR 2Z(RSD), Jouk ik iks % % . PEG-UHC Jit
W DNA 5% B84 (0.215+0.027) 107 ng-uL !,
RSD iy 12.59%. AN [FI¥ EE#RifE DNA 7E PEG-UHC
JE R B ISR TE 92.57%~114.17%, RSD
<15%, FRPIMEDNEE SR % RAF, 450k 2,

F2 RS E K E@0=3)
Tab. 2 Recovery of adding different amount of samples (n=3)

1~8-DNA FRAES RIS H1 100, 10, 1, 107, 102, 107, 104, D;Z;Tfff ‘fff{ I % j;g/loj) RSD/%
0% ngul t _ 87.300 87.30
Fig. 4 Amplification curve of quatity PCR standard
1-8—DNA standard concentrations were 100, 10, 1, 107!, 102, 1073, 104, 100 93.861 93.86 92.57 5.14
107 ng-pL". 96.539 96.54
224 EEAMTEENE #4100 ng-pL ' FRIE i 114.04
DNA FIKEK 10 {52 5IFFEE 1310 ng-uL, 10 11.202 96.91 107.63 8.69
e BETE IRl 1x1074~100 ng-puL™t,  LAAS [7] v B o o 2690 91
DNA Jy PCR JZBEFRRHE “2.2.17 TR )y ikl 75 Loor 100
Bt PCR 74, ST 3 0, KRB, T ! s (O A s
BARHT, Wi RE DNA (12 MR B34 DNA AN
MRIEAE 1% 107°~100 ng-pL" PR BERIZAESC R 0.1 Z‘TZ 1??2 103.12 9.74
BT BRI 3475, N 1693, 4 | oo
K RHCH 0.999 I IE(Cr) 7 DNA VRIE(C) T on
ZIA AL R AR M RIB SN Cr=3.475xLogCr 0.01 9.367x10° 91.52 93.82 2.14
16.93, HZiRME 1. 9.660x10 94.45
=1 477K DNA ¥ 5 E (n=3) 1386x107 117.10
Tab.1 Precision of standard DNA (n=3) 0.001 1.340%1073 112.68 114.17 1.85
b G RME(Ch) 1.346x1073 112.72
DNA/MmgpL! | 2 3 ¥ +s RSD/% 0.365x10 150.00
100 1021 9.89 10.05 10.05+0.16 1.59 1x104 0.313x1073 98.00 113.67 9.83
10 13.19 1331 1315 13.22+0.08 0.63 0.308%10- 93.00
1 17.04 1689  16.95 16.96+0.08 0.45
0.1 2032 2041 2045 20.40+0.07 0.33 2.2.6 PEG-UHC JEJ DNA FESE8ME % 3 4t
0.01 2420 2435 2426 24.27+0.08 031 K PEG-UHC JE Wi i % B K 4> 9 % 1 %=
e st sox wo rew  n  COmEmL SN PCRIZMBI, V5

225 MEWREE SK®E B PEG-UHC (it
+7:200307)1 pL HKHKFFEZE 6.0 mg-mL™, Hf
HAEHN PCR AR , 475250 3 £L o Kb if: DNA
M 100 ng-pL™' LA 10 £5 A RER 110 ng-ul ',

A 22 2022 4F 7 A5 39 B4 14 W

3 4L, #& “2.2.17 WF ki T E R PCR Y,
SARTEE AR . RAE AR KRR, FIAA
3 “HME DNA FR B S =DNA &l i R/
JEOR R & 715 PEG-UHC J51 DNA %% 88 i,
RN 3,
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%3 PEG-UHC JZ# DNA & €l % 4 £ (n=3)
Tab. 3 DNA content determination results of PEG-UHC
stock solution(n=3)

i 2
i kg R Fe i 5 DNA
e Fkmg 0 DNAE/  RSD/ 58 hk/ng
mg-mL™! 1073 ng-uL"! %

200307 4.0 6.0 0.215+0.027 12.59 0.143
200404 4.0 6.0 0.280+0.042 14.86 0.187
200423 4.0 6.0 0.230+0.017 7.22 0.154
3 g

S A SRR AL F R . AR B 5 R
SN H LU S M RE . A R R R A
DNA 24 i FE i —, fAIEW e G g
PR KBS, B4 H SRR 2 —. i
B AL RN 259 1 o 4 2R [ 51 24 5 W
EIR M E DNA 5% B A A5 10 ng, 3
[l FDA HiL5E DNA 5% B2 #1538 3 471 100 pg2,
BEE R, AR i DNA 58 B sAn ik ok
FET=ID A VR Rl B N/ TR A L el ES P
2015 4EM “HMIEPE DNA B8 B3 A AR T
DNA #REFASIE MDYt Rk okt
17 DNA FRE mr okl . A . e . 25
2020 AERUHIIAE T 4 B PCR 5, NAE# il 5 DNA
B B e bR Fe A B A TR S &R

AT ot AL 50 DNA R 24 58 ik 4
PEG-UHC JURH 1Y DNA ZRBEEFHTE, 4 4
ANTR) e B PH A DNA B HEVR 1) 8 €00 Bt o ok B 1Y)
REARITT AR, ELBAPEZS A IR B, W] DNA
EF 2 R R R AF, KDY B AE 1107~
0.1 ng-uLt. #R1, BREFZeac A2 AL
TCVE A B A I PR e RS . AR S %
rh [ 24 1 2020 4R, 6 B PCRIE I 51 0 4Re 1
R B RE . etk . MR R RO 2% B R AT T O kA
IUF, R PCR OIEKIMFREE N 1x10°5 ng-ul !,
DNA HJELE 1x10*~100 ng-pL' WL R IF(R?=
0.999) . 7 ft PCR 4t i PR (1x107* ng-ul™)
S YREF 2258 R B e AR B AR 3, HL AT iF AT
SR, Rl T AR A B i A o B
BEE T R

FAEM UHC & H AR5 T 72 34 kDa, I
9~11 ¥ M 5 kDa 1 PEG %3 ) , PEG-UHC
PR B4y F-EE AT 35 80~90 kDa, PEG 43T it (5 1t
Bt UHC B, Hm i o0 i B e i 0 i A:
W25 . AW 2 AR AR E DNA
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A PEG-UHC Jsy Hi# 47 i PCR Kzl A[m)ik
Ji (945 DNA 75 PEG-UHC J5 i 4 1] i 2510 ]
H 92.57%~114.17%, 79 PEG BB %] 22 & PCR
SR/ 7€ B PCR LT T 247 55 PEG &1fi sk
FZ5¥) 1 DNA 5% 58 56

FIHE # PCR 354, 3 #it¥k PEG-UHC &
1 I H Y DNA 5% B3 5 14557 0.143~0.187 ng,
VEAIG T [ R 25 5 B A PR WL AE 1 DNA 3R B B R
LR 10 ng FRIEZER, [Hi K555 E FDA
FUE ) DNA 5% B f AN 557 100 pg 20K, A<
5% PEG-UHC & 1 - BA S0 S = A A= i
mn [ 28972, HETRE TIRIRAETAFSR B, © HiE R
Pt 2 ml2t-221 0 Rk ] B L R AR 2 B2
3 [ & B L RIBZA 1 T2, FEF 5 i PCR Rl
fk PEG-UHC & il 5 T2, 3k 24 [A] [ 52 25 W
PR EOR, M E PR 25w 5Ll
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