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A simple method to measure Tamm-Horsfall protein in the urine
with 96 well micro-plate

Eisaku Hokazono”, Kouki Hosaka”, Masaru Akimoto”, Noriko Kawamitsu2>,
Miyuki Sakemoto”, Taeko HottaZ), Dongchon Kanme and Yuzo Kayamori”

Summary Tamm-Horsfall protein (THP) is primarily synthesized in the thick ascending limb of
the loop of Henle and is the most abundant protein in human urine. THP is excreted at an average
rate of 50—-100 mg/day. Deviations from this level of urinary excretion is an indicator of various
clinical conditions and diseases. THP is generally measured by an ELISA-based method, which
suffers from limitations including inaccuracy due to protein aggregation and high reagent costs.
Herein, a simple method to measure THP using cost-effective reagents and a 96-well micro-plate
was developed. The average within-run CVs were 4.5-9.6 % (n = 10). The correlation between the
values obtained using the newly developed method (y) and conventional HPLC methods (x) was: y
= 1.057x -5.702 (r = 0.978, n = 35). Thus, this novel method will be useful for further studies to

clarify the clinical significance of THP.

Key words: Tamm-Horsfall protein (THP), salting out method, 96-well micro-plate method

DI REER B S0 e e R PR A AT R 2 0 B " Department of Health Sciences, Faculty of Medical

T812-8582 fR M thH X 3T H1-1 Sciences, Kyushu University, Fukuoka, Japan

P JUN R EIR B A 3-1-1,Maidashi, Higashi-ku, Fukuoka, 812-8582 Japan

T812-8582 fR M i X G 3T H1-1 ? Department of Clinical Chemistry and Laboratory

Y IR EE R B e R 2T 92 b g PR A A 245 B Medicine, Kyushu University Hospital, Fukuoka, Japan

T812-8582 fmfel i R IX G 3T H1-1 3-1-1,Maidashi, Higashi-ku Fukuoka, 812-8582 Japan
) Department of Clinical Chemistry and Laboratory

JAESE © AMEISAE Medicine, Kyushu University Graduate School of

JUN R R B S 7 b Pt i P A Bt B0 Medical Sciences, Fukuoka, Japan

Tel & Fax : +81-92-642-6737 3-1-1,Maidashi, Higashi-ku, Fukuoka, 812-8582 Japan

E-mail : e_hoka@med.kyushu-u.ac.jp
A H 1201948 H2H
FIRH 2019429 H6H

— 248 -



HEWEREGHT Vol. 42, No 5 (2019)
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THBLT 2RI Z BT 5 2 & TRENCE
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FIZE B2 BHENMHREL 2L, BB RE S
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EDSTRETIE Wb E 27, £ THRA L,
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protein (THP) [Z7EH L7z,
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WFRS 2 & A8 L\ & 2 THIRL Al R
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FWTIRY > 7V Z2 R ILEL L. THPD & % 4
. 96T L — N EFAWVTERT S &\ i
T 2 THPII B L DR % 3l A 7z O TR 3
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0. MEEmE

1 #tdE - At
1) $EATHE— 7L — Mg

Til# 7 > € =7 2. Ethylenediamine-N,N,N’,
N’-tetraacetic acid, disodium salt, dihydrate
(EDTA - 2Na), 2-Amino-2-hydroxymethyl-1,3-
propanediol (Tris). N7 2 VHLEES M) &7 A
(SDS) 1ZE+7 A4 v 2 (k) L 0.
WALF M) AETFATIAT A () LY
BEA L7
2) HPLC:

TEh= bV (598 %, mEEEE7 0
NTT T4 M) EBE LY (BR) LD, ¥
B (99 % @itk ax b7 77 4 —H)
TEL 7 AV ARG (B) X DBEA L7,
3) HEEYE

THPIEEW H I3 ETEND 7 — VIR 5
Francab¥ |2 X AT % /o2
BL. &57% Lo&EREIZ0.58 mol/LO L
FR) T ARRMLAFEICL DL,
HELL 72 THPIE W, ABROKITH L T1BEE
Mradtve, B L 722z /KL — 4 — 2T
SRR Z ATV, 80T THRAF L 720 EEBERIE S
oA T A7 (KR LA LZ

KL L 7= THP DAL DWERR O 72 0 B ATk B
(Sodium Dodecyl Sulfate-Poly-Acrylamide Gel
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Electrophoresis ; SDS-PAGE) % 1T - 72, KE)
THMAEE Y TNy 77— (0.125 mol/L
Tris-HC1 (pH 6.8). 4% SDS. 20% 7' ') £ 1
— )b, 001% 7HET /) — VT I—, 10%
B-ANWH T ITY ) —)) BERRLL.
100C TSR ICALEE L 7212, =IcLBEL S
TR LTI0% (wiv) &b X911
mo/LOI—F7E b7 I K&z T
DR5%R)TZ7INVTIFTNV (7 h—
() #HWTHL =V IZRIEZ1I0uL, 5
FE~NY—H—%5uL7 774 L. Laemmli ¢
DHFEIZHE L, 15 mAT305 . Z D30 mA
T/ MRS KB & 1T o 720 BRIKEIRD T
Vi, RgEmFy ruva— (L7102
AGHEEE (BR)) 2 TR SCEICHE V3
o %247\, THPOH—/NY FERERE L 72,
4) #AEEEORERER

THPLINL 0> £ E@E’gﬁ“%% WAL S -
HLA7NVT 3
yorua7rs ‘} > 1 7 -Globulins from
a,B-7"1a 7 ) » |LGlobulins
WwWIhd v /<7

{ZAlbumin from human
serum.
human blood.
Cohn fraction IV C® 1) |
F)vF L) AFL7
5) STk

AHBE BRI FH A 72 R I TR IR BT
MRALBIZ TR S NehbR - ABBEIR (14
k) BLOREERT V7 1 TR QURHE)
AV N AR B AN N o L e i = By
DERBEFTTo 72 (FFTHT 1 28-479)0

THP is isolated from urine by salting out.

Add 500 pL
processing solution
15%(v/v)Ammoniu
sulfate
+
72.5 mmol/L Sodium
chloride

Urine sample(500 pL)

o

2. WERRR

The supernatant is discarded.

»

Centrifuging

1) AT HE- 7L — MlE
EnSight ¥ VFE— F7L—h1)—5— (%
—FrIu~v— (BR)) w7z, 96X 7L
— M., #OLMEARGE L - MH ((EEX
=774 W) HW.
2) HPLC#E:
H 37 E#ifk 7 1< b 775 2 Lachrom Elite
(HiNAT727 /8= (B) YATLD

L2130 K &~ 7, L2200+ — v 75,
L-23000E 7 T &4 — 7 >, L-2480 806
A H W, BES T A 12 1IZCOSMOSIL

5C18-MS-II 7 2 (4.6 1D.x 250 mm, J 7
FAT A7 (W) &AL,
3) AREMEW)E O FE

- THP D 3L

T R AR, R RE A O
Avanti HP-26 XP (BECKMAN COULTER (%))
ZHvi7ze TNK L — % — I3, Centrifugal
Evaporator CVE-2000%  CRETFRILAAL (FR))
W,
- BAUKED

KB 7 ViE, e-PAGEL X =7 )V A4 XL
BrN125% (78— (BR) R,

R IES S

1) $EATEE - 7L — MR

T TR L. BIALEREEE (R E15%
(viv) BaFIGEEET ~E="7 A, 72.5 mmol/Lii
PbF v L) % FIVESEENA TR

Reconstitute

500 uL TSE buffer™

»

Dissolve
completely

Precipitates ‘

(20,000 g for 10 min)

J

I

Repeat twice

Measurement with a spectrofluorometer

at Ex/Em = 280/325 nm

Measuring equipment: Ensight multimode Plate Reader

(Perkin Elmer Co., Ltd.)

STSE buffer: 10 mmol/L Tris,
1 mmol/L EDTA, 1%(w/v)SDS, pH 8.8

Fig. 1 Principles of the separation and the measurement method for THP

- 250 -



HEWEREGHT Vol. 42, No 5 (2019)

I TI05 MRS L 720 20,000 g T1055 72 La
L7zo REZET, WBEWIIH Y TVvE s &
WOREKEIMZ 720 (LB E 72 5 72THP % 52
BIEMR S 72, FORTLHEHEL 2.
FREDEAEZ ) R L Tze WBIZILIE E 7o
7:THP%# TSE#f% 7 % (10 mmol/L Tris. 1
mmol/L EDTA. 1% (w/v) SDS. pH 8.8) |2
THEMSE, 9687 L — b % fIvC, Ex/Em
=280/325 nm!Z TR L7z (Fig. 1), fEHEH
121310, 20, 40 mg/L FETHPIE L % FV 72,
CNHIREDOTHPE W &~ TV L D
HIALEE & 47 o 7=, #OGMEEZME L, 34
OERBEMRZRD, INERE/RE L,
2) HPLC#

T2 T NOFALELE X O30 F TofEEL
IR OFEINE - 720 FIEZERNT S
&L Y 7800 w LIZAF L0.58 mol/LE Ak +
7 AVETE 2200 u L& N 2 $5E#E 420,000 g
T1053 s L 720 RIE9SOuLE ¥ T ik
B 2750 u LOAF K %2 I 2 2 E R S
MR L L7z EEERICIE. ARETRA
FEEIK +0.12 % (viv) FHE. ABEHRB © 71
F= MUV +012% (viv) FHEEH W7,
BHEE D 7T Y 12 N 4 ETable 1R &
BY TH b, itk K IZEYEm = 280/325
nm. JEIZ1.0 mL/min, % 7 AR 25T,
TV EAE oL, T AT
COSMOSIL 5C18-MS-11% f 7z, #E e &
L C90 mg/L FEETHPE T * BB AR L. 4
U E RO RTLEE % 1T o 7ot KRS
B HGRE Y — 7L b L ITHRERE
TERL L. B 7o s I W72,

Table 1 Optimal stepwise HPLC elution protocol.

Time (min) | Eluent A (%)  Eluent B (%)
0 65 35
6.5 65 35
7.2 30 70
20.0 30 70
20.1 65 35
30.0 65 35

Eluent A: purified water + 0.12% (v/v) formic acid
Eluent B:acetonitrile + 0.12% (v/v) formic acid

4. FARVERERBROMES ik

1) [FEREFEBE, HEHBIE

AR L, R, TIRETH 52
HORIE 2 10E B2 LRI L 720 HAEFHI
Phid, R, IR, SmiREO3ME DR
Witk z 3 mllE L. 25 HEE LAFh L
726
2) TEARE

200 mg/L THPA L & 10B AL . 22
NIE5E % A7V AT L 720
3) IR

T N 7 — VIRIZE12200, 400 mg/L THPA
WE L OREKIEZ DML 720 S o 3fEE
DIRBAROTHPYE E 2 2B % L. 7 — VIR
ANOTENIRS B B % 54 L 72,
4) R RS

10 mg/L THPAETE % 10 AL, 2
NSEPE X 1T o720 MR L, = 2SDik
W& EHI L 72,
5) THPLIAV O & 0§28

100 mg/L THPYA R & K5 ELIK, 100 mg/L 7 -
yua7yry, 100mg/l a,f-7 a7 v,
100 mg/L 7V 7 3 ViEWE el 1 1T
RA &+, 50 mg/L THP + # #7K. 50 mg/L
THP + 50 mg/L 7-7" 0 7V Y {E#. 50 mg/L
THP +50 mg/L «,B-7"0 7" V. 50 mg/
L THP + 50 mg/L 7 V7 3 Y EHOAEEHD &
YN BEBWEER L 72e TN HATEE O
BEHRA B OTHPREE 2 7€ L. THPLAE
DEADWEND LB LR L 72,
6) HPLCE: & DA B

AT 8- 7" L — MEER S HPLCHE: & O
B & RERE L 720 BRI AR (n=21),
REMHEZ2ECEER (h=14) ZHW, W
HIELOTHPIRE L ) €7 v v oMK%
BH L7

m #3R

FERERY M BERTAM
1) W3

[ FFELE & H AT O R % Table 217K
U720 [AIFEFREL I SR C AR I B 3 oD PR A 1 2
BWT, ZERED115%E 1E52E K& )
S 7205, RIEERCIE, BIF RSN R R L7,
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F 7o, HERBIEZ., RSO RFE T,
EERED9.6 L 1X5 D XDVK X 0o 7275,
MR, BRI, BIFAEEMERL
720
2) AR

Fig. 21278 L 72 & 9 120-200 mg/L® B AT 7 16
MR S 7z,
3) sHOIEl AR

TIEIGERER O K % Table 31278 L 720 AL
X, 99.7-101.7 % & BRI AR A2 7R L 72,

B

5) PR

* 2SD#EIC X B IR FHE3 mg/LTH - 72,
6) THPLIZVD &[0 528

TIVT IV aB a7 DR (R
. FNEN-15%. 1.6%THo7zh, yra7
1) 2 TlX104%DIEFREZ 7R L7z (Table 4) o
7) HPLC: & DR

AT - 7" L — MEEE: L HPLCEEZ & 2 4
B % Fig. 3127~ L 720 AHBAAR%ELIZ0.978 & FEHIZ
SR IEOFI B ATHERE S 1172

Table 2 Within- and between-run reproducibility of present method.

Within-run (n =10)

Between-run (n=5)

THP water solution levels Low level Middle level Low level Middle level  High level
Mean (mg/L) 4.1 40.4 10.2 47.6 114.5
SD (mg/L) 0.5 0.1 1.0 2.2 6.1
CV (%) 11.5 2.3 9.6 4.6 5.4
200 160
L]
140
° o
150 | S 0 | .4:‘.__,
3 £ 100 b o
£ °
v 2 s
$100 | £ 80 f ve®
< € g
: g 60 p . e
1] i) ° _-
s S LA
50 |- S 40 i n=35
y=1.057x-5.702
20 L r=0.978
oo Syx =8.09
e
0 o L— . . . . . .
0 50 100 150 200

Theoretical value (mg/L)

Fig. 2 Linearity of the detection for THP

0 20 40 60 80 100 120 140 160
HPLC method (mg/L)

Fig. 3 Correlation between the present method (y) and
HPLC method (x) in urine samples.

Table 3 Recovery test

Added THP value (mg) 0 20 40
Measurement value (mg/L) * 11.6 32.0 51.5
Recovery rate (%)* — 101.7 99.7

> Mean of duplicate measurements

Table 4 Interference of Albumin, a , f -Globulin and y -Globulin

THP
Added each protein  + purified + Albumin + a,B-Globulin + y-Globulin
water
Measured value(mg/L)*  49.4 48.6 50.2 54.5
Relative error (%)% — -1.5 1.6 10.4

Mean of duplicate measurements
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REREIC BT 2 EARETIE, FITR
HOTVT Iy ERBTA2HENTHBSNATS
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STl 058 mol/LOHEALF N T LA DA E
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W) DD o 72 HIATORER S X o HEE
WICEDET DL EHE, KIEEOTHP R 147
WIS 2 72012, v B ofE itk nlh
L ") 2 NATRIET ~ €= 4 ()
O THILEL 21T 5 720 B2, &AM
LIz, F23EEZMTH % 7% &ML H
SHEM OBV SN — N RiEo—>TdHh
Bo BWHIOMEZRT KTV A ALY =259 |2
IREND X, TEREOENF M) Y
ALY BIENMROBNETH 5, T ORNE
EED L0, HIRE AR BN S 5 LN
HLD, ML E Y EALZSET 5201, #
Y)W O RINDEETH 5. THPIX, €
DBUKMEDTR S 5 SR IS L 0 . A5 125
- BEETHHELFO. SROFLETIE,
15 DEIFINT 2 % TN 2 72 5 AL S C kiR 1R
2 KT Z LI X WTHPR D JRE A &
DAEEL T be S ORPLEEIZ BV TIE,
Fa7) yRTIVT I U LTI R Witd
IRIETHTHPIXAEZ ISR LB s iz e & 2
SNDo HIEEOEIZL ) EHORBRENIET
T2, —EREOEIHIET b L EADER
REEDSHEINT 50 ZOBRITEEEL LTSN
TWh, TOMFEIZE, AN A 4 VIRETH
%0.1-02 mol/LOF M) 7 AEH LLEH ) v
LIRSSV O N D HNL WY, Ko THEER
AwTwzii b by v 2 oEZZE L, i
BED7201272.5 mmol/LO AL - V) 7 4 %
25T EE LT ZTIARAY =R RS
LI b F MU AR S, AR R
PR CE 2 TH L, ZOLHIBRIENDD
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mmol/LOIEALF M) 7 A2 iRINT 52 LIk
V. THPUANOBEH OB EL A S5 2 &
MTE (F—=FIERLTWARW), L2l
THPL DR & OB BRI B\W T, TV
TIVvBIWa, -0 7)) ORENDRE
FIIER SN o708, v-7a71) »Tl10
DAEIEDIEFRFE & Tr o 120 APEIZB VT, HliH
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) Y O—AEE A F N TR L Tz RENE
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B ROENTBRIETH > 72720, Sl
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B3 mg/Lid. Ak & I d 5 & %055 % 5,
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96X 7 L — MlsERIZ, OHPLCH: & 3V IED
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