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of Technology, Jinzhong 030600, China)

Abstract: B,-microglobulin is an important biomarker for early renal impairment in diabetic kidney
disease, and its rapid and accurate quantification is essential for early diagnosis and disease monitor-
ing. In this study, a latex-enhanced immunoturbidimetric reagent system for the quantitative detec-
tion of B,-microglobulin was constructed. Immunolatex was prepared by conjugating B,-microglobulin
antibody to the surface of carboxylated polystyrene latex microspheres, and the immune complex was
formed in the presence of the antigen, resulting in turbidity changes of the solution, thereby en-
abling quantitative determination of 8,-microglobulin. The reagent system was further integrated with
a self-developed smartphone-based immunoturbidimetric detection platform, using the built—in ambi-
ent light sensor for portable signal acquisition and analysis. The detection system showed a good lin-
ear relationship in the range of 0-60 mg/l., and the limit of detection was 0. 85 mg/l.. The spike re-
covery ranged from 93. 5% to 106%, and the coefficient of variation between batches was 5. 7%-9. 9%,
demonstrating good accuracy, repeatability and specificity. The test results of self-made reagents
were consistent with commercial reagents (r>=0. 988 4), and the correlation coefficient between the
detection results of the smartphone immunoturbidimetric platform and the microplate reader was
0.993 5. The latex-enhanced immunoturbidimetric reagent combined with the smartphone detection
platform has the advantages of easy operation, fast detection, low cost and strong portability, pro-
viding a promising point-of-care testing solution for rapid detection of diabetic kidney disease biomark-

€ers.
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Fig. 1 Schematic diagram of immunolatex preparation process(A) and smartphone-based detection device(B)
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ARG T H 32 B2 % 5 AL 4R B FRAY (Multiskan FC, 351 FE8k K it /R) . L4h—0] W40 Y66 B it
(UV-3100PC, Fi#gsE¥5h) . By s P iE vhes (KQ-400DE, RIS . MALRIER IR 4%
(MB100-4A, HLMIBLREG) | Pt 5) a8 (LR AT ) . DIRRLEE I Zeta LA/ HTAX L THHARE
¥5) LL K Huawei PIO B BEFHL(ER) .

A ] RL AR 1) 7R L Ak B FL sk Bk (PS gk, ¥ R4 4y 4 04 107, 128, 165. 208 nm, Bangs
Laboratories Inc. ); B,-MG 2 wlEDUAR L YTIR bR shle B i £ PHE AR A\ 1-258-3-(3-
THIFEEE L) B R R (EDC) . NREEBEHABE L (NHS) |« 2-F itk £ BETR (MES) WA B L 3B
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(PEG-6000) 1 B L it ahgs AR AR A,
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el 2R, IR RS ARG EE RN R £ R 0] 3545 3 L s ARSI
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1.3.1 B-MGRERIMGIE RALMMBIEHIBL-MC RPETL . BUE & 10% 1 RIEA PSTHER,
BN pH 6. 011 100 mmol/L MES M, 50 iEBEMIRIEER, H AN 10 mg/mL EDCHINHS (%
FiEE 1 2 2), SERMRZA)E T 37 C Rk 20 min, #0022 B, FFH pH 7. 089 50 mmol/L. HEPES Z& i
WEVEMIR, B HIZZPRERIF@E 8L, BENELERREE PSR, MN—E &B,-MCHUlk, £
37 CTIREGWFE 2 h, RGN —E & 10% BSA 2R E R 1%, TE37 CTFIRE M 2 hE M
B RIEVENI A, Ba0E B, DUEM pH 7. 4 PBS ISR BEPIUK, )5 M pH 8. 04 50 mmol/L Tris—
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1.3.2 B-MGHMXFIHWEH RUFNEZTRE B,-MG HRMAF G IAF T (RDARF T (R2) P
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1.4 HWNZFHESERRKRAFEZFERL

JE L1 5 G % L ek ik SR P [ 30 < M DT S — B S . 5 | e W O B AR K (AA) o A NI ASE A H )
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SRR ST, I SO AR R R PSTER A RIAS . AL FI(EDC/NHS) B & . {BIkZEnh
W pHAE . BIEESE) . Ui &5 CHESHL, PR OO SR I PERE R 52, 0 R R P g
A S G o
1.5 B,-MG #& izt 5 14 BE 53 #fr

KA PR ZS T B RS FL AR BEA T2 5 WU (TEM) RAE . B Z86EU (DLS) 43471 J Zeta ALK, LA
PR T 25 e PR FLIR B S IE Sk R RS E 1 o B R RRAC LR . e e AL (I Ja A AL B3
BR) LU G5 RN e E LR EE SR AE A AT LA AR B e UM RIS LRI TSR . 0 BCRZS L RidR sy
AT B A 101 L AuF AR PR 55 7 T ) 5200

[, X3 A LRI E R RE T . IR . R . ) B T RE . ZEAR A LT
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RE S LS B,-MG #E S 173 B SRR AR T vl e A7 1 & F sl S s e A JE H bR, B4 C ROV
FH(CRP) . MR ICEEA A FUZ B (NGAL) | P ERE A G(1gG) . HEHA(ALB) ., il
F C(CysC) R ERELE A A 4(RBP4) , 3B 7 RAR S B2 454 T 25 223 H bRYIAHREINNE 51 52
BB RN TEE R B RE ST 5 AER E B,-MG ¥ FE 464, 40 Sl IIN & WL N VTP Ao 25,
BLFE A HE(Glu) . JRFE (Urea) . WUEF(Cr) . MZLEE (Hb)  AHLLE (Bil) . HM=FE(TG) . HUdk iR
(AA) . BTSEVEAR(AMX) R FEMF-(AML), BuER s ROPTTHERET1; H S ASASES SR 5%
AR, . B3N B-MGIREIKT, H 5B LRt i) o 1
1.6 ZHEEFHREILMERTEHIEIE

ST GEAE) A A BE TAL G5 b RS 0 (7 2R B L DRI 3R 50) 5 A Lo S A B P o0 2 i Ry DA
B i FIAE B,-MG R I v iy o] SE% 538 FPE, SR B 5005w S AR 500 53 56— R AN [F] e B2 )
Bo-MG briff ShEA TN E , K P FR IR B ARG I 25 SR A TR S AT, SR A I R . ZREVE IR &
e AP SRR RESHOIE TR b, PEA B AR 5 R A AR P RE T T 22 5. TEIGERAE b, 4%
B #3500 43700 57 T B TFAIL % LL MRS I F & RUBB AR SCRE I 6 A T P00, 8 b s P AR )
PR PTRAE RN — U S, 3P IR BE LRI & 7E B,-MG € &7 B i i i i 1 5 0T
etk
2 HRGITR
2.1 KNEHIERE
2.1.1 HMGEIERE RIS R E T RS-0 WL G B TR T A I K (350~750 nm) . 4
RME2A~B IR, TERIERKX (<450 nm), WOLEARMTET, SHUSKERZAH M ERERKX
(>650 nm) , FPURIK LA 505025 A GRS ZtK B ORI 228 40N, REUE TR
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Fig. 2 Selection of detection wavelength(A—=B), reaction temperature(C) and detection time(D)

2.1.2 REBESEEMLE ASREIKTL SEERETUSIREMIR )G, 2B T4, 25, 37 CHI
B, JFEZRN0~15 min WINWOGEEAME . 45 RN 2C R, RS R G5 5 T O 3 A5
SO EEHAT R E L . 4 CHRAF TWOGEE EFRCNZE, 15 min BHE SRA: BoR WAF G, RV
B s 25 CI ROV AR ES 4 CHYRR T, (HAG 53R BEAIRT 37 'C; 37 CRWOGEE A
Peo (G FmERE, 7.5 min 5 RVIHEEZE, PUR-DURL ST s A RistE. Bk, AR
VP37 CHE AR RV, G2 m eI T AT .

JH ) g ) G B FEEFLM AN [l BE PSR St EA TS o AP bRt 5 ROV AR RIRA)G, SrRIE
TFREFRCH LI 0~15 min NEWOGEEASAY . 45 R MNIE 2D PR, W R S I Th) F) 98 4 728 i -
i, RN TR B DU AR S, WO BRI (B) NG BT TP, RN, =
BRI RFELIN, , PUR-DURZE ST, WOCELE/N, REEAR, W HE M AR BE A A I 45 R
HYHERATE s SO Ta) I, U -PUARE) ROV T A, BARARIR B BT A I B 2 5, AEAGIN Y
LVET R, RIRIRCRIEIR, LEEHBETUREE . G B AR, 4 5~10 min fE A EER
JZITa) oSS R AT 6] 4 5 min
2.2 SBRILEI&FFGML
2.2.1 fREkkE, EUFASERpHEMRL EHONRIANERRARIA T L (K 3A), RARBR T
TERTEAR IR S5 AF T ARS8, (HE IR K AG SR A . s BIARA /N 7L Ak I 08 LA o ¢
T, EESEmERIK. B, FERP R, 208 nm iEFLMERAE NG SR T /MRIARER, XEHT
208 nm JEFLERR AT ECR, TEMEBTREIREESFMT T, HAURECE A BOE S AR T /B2 fEk , DA
TE [ 8 KN B 1) P FE B 05 SREEAR A 4550 . [WIET, 208 nm MRS FLISERTEDI AR IRAS T HAT S i
SHE G5, B RAR T ROV ET SR AAHE S350 . MRIEA R Z000 S A5 BERIAGINTE A oK
EHCRLAR R 165 nm MR FLIMER T /G 82550 . 7R b, XTSRRI =47 Tk (B13B), BEETS
RIS, RIS 2w, Y RRE K PEE T2 TRE, SRS SR
TR B iR AL, TR EE R BFAL A T TR VR, A i A R TR, ANITIE S kR A B R,
WA RO A PR FL A B E T, 2T INE SRR RN HLES AN pH B IR A 200
G IEFLIERED SR (P 3C) , 25530, 78 pH 7. 0 1Y HEPES {4 28w il £ (0 G 3 R L EL A 4 e B )
59, ZHmVARHESTREER . XRE AR pH AR & THUaS R A, Jrik2E s, arimhk
HE BRSSP B RN Bz B B SR, AT AR AR S ARSI e 17, 50308 R 1% ke 2R AR A AR B
(L
2.2.2 BEFBERAGBENMLL PPN HTiEH BT TR SEERE R (&
3D), G RNVAT T o FERR RN [ AZEE N, FFAE2 h G TEE , T AR R {5 54
FEAB, RN 7 a8 3E WoR 7P RS R, Uik RO S ik
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2.2.3 PEG-6000& &M XM IEKZRM PEG-6000 & &3 T 1 ik (& 3F), PEG-6000 E M{e5
TN AR R G, 8 HE R AR RO 3 SR - DU T i e i 8 S a3, DN (2 28 00 252 RS LA
RIS RER G . LT & B, JE & PEG-6000 [ I\ ] {1 2E G052 A L AURE 8] i) SR BE BN, 1 s A )
{555 MPEG-6000 & &id Eht, R Prlae il IR R R E S T 82 IR, 5808 AWOE Y
RAREIE T TR mZ&EFEPEG &84 1%, it iR SFAE, R 7 faE Hol EE ) R
Fe T, NESRENG R @S APERE RN R AL T T S0 SEIG LA
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Fig. 3 Optimization of particle size (A), activator dosage (B), conjugation pH (C), conjugation time (D), antibody dosage
(E) and PEG-6000 concentration(F)

2.3 AERESRIIBIKHIRA

ANFEPARZE T REFLBIERE) TEM SRAEUNE 4 F7R o SRASFLGIER R S UWERTE , RURLIL S TR, 20
VER G, Rifesr it —, FWRIEITL IR R BA RIS e . ERPTE G B R iU RS R
UFIERIEAEH), I AARRTE ), AR R A AR e E SRR BLR , RWIPT il 5 i) S e AL 7
ARIFHTREE . TR S DU PRI RN 5 B o Pe AL, RS FLRURL R B e 2R A, TR R %, 5l
t%%%ﬁ?ﬁk UEI B UM B REAT RO A, Rk L 5 R A Gl i

0.5 um

K4 PRECFLBOR(A) . RPEREFL(B) ‘ﬁf)?liFFH’J%I“Hﬁt?L(C)H’JTEMiéﬁ

Fig. 4 TEM characterization of bare latex microspheres(A), immunolatex(B) and immunolatex after reaction with antigens(C)
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JEEFL SR B4 52 0~ m] WSO RE A& SA B, BRISEFLBCERAE ] WG IX R B W sk i) 73 TR IENL
We, HWZOERE B SORIET ORI NSOCHIEUNE ] . SHIRFLBERHEL, R REFLAE 250~300 nm 7B
HBL— e R R B s, % B S R SO R IE IR X I (280 nm () AH— 2, IEBAHTIR)E D)
SINZEWABERE M . Br BB BN, PR WEIKEDEHE SRR 5, RUIGTRBIHOS FEAR
HE L SBRAEAGEIN B B PN B0 i AR 7 HE W S S, A R T i L PRSI 55 O R AR

DLSH¥iA2 /A B (K 5B) , #RACFLHERF-EIRIAE 4 166. 28 nm, Kife/r ATEChEY ;s SR EER)E ,
P MEFLE P BPRARIE K2 185. 49 nm, RIARM AT AHAHRIRFLIS A e v, {EL05 5 s AFAE , R
BURSE RIS 5o Zeta WWALIE LRI SCHT7R , BRIKFLBERE Zeta HIA74-38. 71 mV, AR A&
BB SRR EVE ;s (RIRTTIR G B R L IBOBR ) Zeta WAL 22-16. 33 mV,  BEHHE 7 T3 1%
JEFL A T AT 23 AT AL bR A SRR D AR T I FL R R T IR AR R B K B SR A5
[l R AR K AW R AR R R AR, L R R RS R 4

4 25 0
A Bare PS B Bare PS G
—— PS@Ab 204 [ ps@Ab
1 -104
. -
£ 15 2
_ g = _204
<2 T £
g 2
- 107 s
1 = § 307
57 Bare PS
0- 40 T N rs@Ab
0 - -
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5 SIS ST WIHOEHE(A) . DLS KRS (B) | Zeta HUF(C) EAE
Fig. 5 UV-Vis absorption spectra(A), DLS particle size distribution(B) and Zeta potential (C) characterizations of immunolatex
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Fig. 8 Test results of self-developed reagents and commodity reagents(A) and their correlation analysis(B)
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