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Analysis of urinary stones with the use of micro area
X-ray diffractometry and liquid chromatography -
mass spectrometry (LC-MS)

Kiyoko Kaneko

Summary Urinary stones are recognized as a frequent complication in patients with gout, hyper-
uricemia and hypouricemia. Liquid chromatography-mass spectrometry (LC-MS) following the SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) technique was applied for the analysis of proteins
in two urinary stones found in a hypouricemic patient. We describe in detail the method using these
very sensitive analyses. Analysis with a micro area X-ray diffractometer showed that one of the stones
was composed of calcium oxalate monohydrate and hydroxyapatite. The other stone was formed from
calcium oxalate dihydrate. After determination by LC-MS, they were both found to contain uromod-
ulin, albumin, osteopontin, protein Z, and defensins. Lysozyme and calgranulin A were also identi-
fied in these calculi. The role of these proteins in the process of urolithiasis is of particular interest.

This technique used was sensitive enough to detect small quantities of proteins even in renal stones.

Key words: Urinary stones, LC-MS, Micro area X-ray diffractometer, Calcium oxalate
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AV I D, 0.6 mol/LIEAL A V) 7 4
10% W, 4mol/LY 7 = V¥EEE. 0.5 mol/L
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Jv— (CBB) T#fafh, N FEYHH LT,
WL, B TIVEFMEDE, FVYATHY
7T HALE3TCTI6RRAT 5 720 T F FiR
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Osteopontin---- band 1,2,3

Protein Z ------- band 1,2,3,4
Albumin -------- band 2,4
Lysozyme ----- band 8
Defensins ------ band 9
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VL DOXTF K&, ka7 77T
THEL RS BEOMEAT ) o LC-MSEMHF
1Z. %[E  LCH ; AMR MAGIC 2002, MSHS ;
Thermo Fisher Scientific LCQbaca, LC . 7 7 4 ;
Magic C18 0.2X50 mm, #&jAH ; 0.1mol/L T
JCH:CN gradient (5-50% in 2053) ik ; 2 L/

MS . A 4 1L ; ESI (electrospray ionization) |
B, A4 F 7y 7 (MSn), V7 b7z
7 ; X calibur 1.238 & U"Bioworks 2.0 (SEQUEST
Search) T47- 72,

B S NI RA L VRED T T T A Y M|
51T, RS ETES N DEMS/MSHAT DR S
725, Bioworks 2.0% HI\WT ¥ v /X7 MR w47
o720 RIEHTIEF / 7H—-LCEHVLZ L
2E, ~EORBRKEAO—FRr . F s

\Xcalibur fasta

B BRIEICIET 5 2 LA TH D,

V.LC-MSIZ & % HIEH®

JRE&AE AT 1 DSDSTEAIKENR & 77V 2 & Mt
ENTy VT HEM 3R LT, REEH: A H
577 =Y HBREEDTATHIM L2,
SDS-PAGEIZB VT, A X TIRTHEEDE /N
Y RERLEZD, WU F1, 3, 4, 60267
OEYalyry, N1, 2, 3HLFATH
RyFo, Ny F1, 2, 3. 4267 a7
PN K2, 467NV 7T3I, NU/FS
MO ST =L, WO RIDLTA Ty
DD Y 37 B E NI,

X4 itband 1 2B SN2y aEY 21

N

gi|137116|sp|P07911[UROM_HUMAN

peptide(s)=DGPCGTVLTR DSTIQVVENGESSQGR STEYGEGYACDTDLR YFIIQDR

Analyzing ...

>gi|137116|sp|P07911|[UROM_HUMAN UROMODULIN PRECURSOR (TAMM-HORSFALL URINARY
GLYCOPROTEIN) (THP)Ogi[88978|pir||A30452 uromodulin precursor - human()gi|340164 (M15881) uromodulin precursor

[Homo sapiens] [MASS=69761]

MGQPSLTWML MVVVASWEFIT TAATDTSEAR WCSECHSNAT CTEDEAVTTC TCQEGFTGDG LTCVDLDECA
IPGAHNCSAN SSCVNTPGSF SCVCPEGFRL SPGLGCTDVD ECAEPGLSHC HALATCVNVV GSYLCVCPAG
YRGDGWHCEC SPGSCGPGLD CVPEGDALVC ADPCQAHRTL DEYWRSTEYG EGYACDTDLR GWYRFVGQGG
ARMAETCVPV LRCNTAAPMW LNGTHPSSDE GIVSRKACAH WSGHCCLWDA SVQVKACAGG YYVYNLTAPP

ECHLAYCTDP SSVEGTCEEC SIDEDCKSNN GRWHCQCKQD FNITDISLLE HRLECGANDM KVSLGKCQLK
SLGFDKVFMY LSDSRCSGFN DRDNRDWVSV VTPARDGPCG TVLTRNETHA TYSNTLYLAD EINIRDLNIK
INFACSYPLD MKVSLKTALQ PMVSALNIRV GGTGMFTVRM ALFQTPSYTQ PYQGSSVTLS TEAFLYVGTM
LDGGDLSRFA LLMTNCYATP SSNATDPLKY FIIQDRCPHT RDSTIQVVEN GESSQGRFSV QMFRFAGNYD
LVYLHCEVYL CDTMNEKCKP TCSGTRFRSG SVIDQSRVLN LGPITRKGVQ ATVSRAFSSL GLLKVWLPLL

LSATLTLTFQ
>average mass = 69742
posmon sequence (NCBI BLAST link)

386-395 DGPCGTVLTR

532- 547 DSTIQVVENGESSQGR
186-200 STEYGEGYACDTDLR
520-526 YFIIQDR

Uromodulin precursor

Protein Coverage: 48/640 = 7.5% by amino acid count, 5285/69742 = 7.6% by mass

Search SWISS-PROT with gi|137116|sp|P07911[JUROM_HUMAN via accession, descr./ID, or full text field.

Done.
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uromodulin precursor 532-547 (DSTIQVVENGESSQGR)

st by 6D

D1 161 17067 16
S 2 2032 15917 15
T 3 3043 15046 14
14 4174 14035 13
Q 5 5456 12903 12
V 6 6447 11622 11
V 7 7438 10630 10
E 8 8729 9639 9

7005364

N 9 9870 8348 §
G 10 10441 7207 7
E 11 11732 6636 6
S 12 12603 5345 S
S 13 13474 4474 4
Q 14 14755 3604 3
G 15 15326 2322 2
R 16 16887 1752 1

Sa¥ by 0

D1 s8s 8539 16

142092 7022 13
Q5 2733 6457 12
V 6 3229 S816 11
V 73724 5320 10
E 8 4370 4825 9
N 9 4940 4179 8
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E 11 S87.1 3323 6
S 12 6307 2678 5
S 13 6742 2242 4
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\Xcalibur fasta, fon=gil2144493]pir KXHUZ
peptide(s)=ENFVLTTAK GLLSGWAR YSLWFK APDLQDLPWQVK

Analyzing ...

>gi[2144493pir| KXHUZ plasma protein Z precursor - humanl(gi|190466 (M55671) protein Z [Homo sapiens]
[MASS=47053]

MAGCVPLLQG LVLVLALHRV EPSATSLKER HGLHSDSACT GVQESLFLPA SKANDVLVRW KRAGSYLLEE
LFEGNLEKEC YEEICVYEEA REVFENEVVT DEFWRRYKGG SPCISQPCLH NGSCQDSIWG YTCTCSPGYE
GSNCELAKNE CHPERTDGCQ HFCLPGQESY TCSCAQGYRL GEDHKQCVPH DQCACGVLTS EKRAPDLQDL
PWQVKLTNSE GKDFCGGVII RENFVLTTAK CSLLHRNITV KTYFNRTSQD PLMIKITHVH VHMRYDADAG
ENDLSLLELE WPIQCPGAGL PVCTPEKDFA EHLLIPRTRG LLSGWARNGT DLGNSLTTRP VTLVEGEECG

QVLNVTVTTR TYCERSSVAA MHWMDGSVVT REHRGSWFLT GVLGSQPVGG QAHMVLVTKYV SRYSLWFKQI
MN

>average mass = 47035
position sequence (NCBI BLAST link)

232240 ENFVLTTAK Protein Z precursor
320-327 GLLSGWAR

413-418 YSLWFK
204- 215 APDLQDLPWQVK

Protein Coverage: 35/422 = 8.3% by amino acid count, 4061/47035 = 8.6% by mass

Search SWISS-PROT with gi[2144493|pir|| KXHUZ via accession, descr./ID, or full text field.

Done.

6 REEFEA 1 ot EnizrTar A2 NV F2)

ProteinZ precursor 204-215 (APDLQDLPWQVK)

160.14 po 0896.2.dta, pepti QDLPWQVK, precursor_mass=705.3, mass_type=Average

I-axis

eaxis daxis S-axis

J— 32182240 x0.00
1721 14106 12

21692 13395 11 "

3 2843 12424 10
4 3974 11273 9
5 5256 1014.1 8

7 7538 7709 6
8 850.9 657.8 5
9 1037.2 5607 4
10 11653 3744 3
11 12644 2463 2
12 13926 147.2 1

b1-7
y1-7

i

1365 7058 12
2 851 6703 11
3 1426 6217 10

T
4192 5642 9 )
5 2633 5076 8 -
6 3208 4435 7 ? —I‘—q
7 3774 380 6 4 & e
8 4260 3294 5 a = i3
9 519.1 2808 4 tsd
10 5831 1877 3 “
116327 1237 2 w‘;u“..':'..n.---..y.'
12 6968 741 1 800 900 1e0e 1100 1200
o = ~ PR o S
THTA YZIZHRT BT F FOMSMSAXRY v
“\Xcalibur fasta. ion=gi|2119708|pir||176601
peptide(s)=GDSVVYGLR QNLLAPETLPSK AIPVAQDLNAPSDWDSR YPDAVATWLNPDPSQK
Analyzing ...
>gi[2119708/pir][I76601 OPN-b - human (fragment)(1gi|992949]gnl[PID|d1006501 (D28760) OPN-b [Homo sapiens]
[MASS=33836]
MRIAVICFCL LGITCAIPVK QADSGSSEEK QLYNKYPDAV ATWLNPDPSQ KQNLLAPETL PSKSNESHDH
MDDMDDEDDD DHVDSQDSID SNDSDDVDDT DDSHQSDESH HSDESDELVT DFPTDLPATE VFTPVVPTVD
TYDGRGDSVV YGLRSKSKKF RRPDIQYPDA TDEHITSHME SEELNGAYKA IPVAQDLNAP SDWDSRGKDS
YETSQLDDQS AEAHSHKQSR LYKRKANDES NEHSDVIDSQ ELSKVSREFH SHEFHSHEDM LVVDPKSKEE
DKHLKFRISH ELDSASSEVN
>average mass = 33818
146- 154 GDSVVYGLR OPN-b fragment
52- 63 QNLLAPETLPSK
190- 206 AIPVAQDLNAPSDWDSR
36- 51 YPDAVATWLNPDPSQK
Protein Coverage: 54/300 = 18.0% by amino acid count, 5860/33818 = 17.3% by mass
Search SWISS-PROT with gi[2119708|pir|[176601 via accession, descr./ID, or full text field.
Done.
4 1 N = EIN ~ NS
RO 1 OB ENTBTTFATFRYF > NV F2)

— 224 —



HEWEESHT Vol. 32, No 3 (2009)

FVTH 5B, LMNCHEHEREI RSN TBY, il
EMEA M E AT L 72m/zhs, bA F VIEk,
yAF VIEFTERENT S, HEIOHEIE S
7-MSMS AR hLVTIE, BEHEE ST HE
— 7 IR EFTHEET LA+ v oitErE
PNTVD, TOL) IS A 4 DIE
& A EHDSTIQVVENGESSQGR DX 7 F FIZH
KT HE—rTHDLIENLRTF FEFEL,
FNSDOEBONRTF Faeate s Xy i
&L THESNS,

FfkiCband 2 S SN2 T 0T A V2%

K6IR L7z 4D2DXRTF RKTF T AL MDY

ﬁiém,4HM®7>/@@5%®5@\
83BDEHFEE R LIz MT7I21X, 70T A~

ZD204~215FHI2H 72567 I JBI2EDORT

F FOMSMSAXRY MERLIc, VTHEY 2

) UEEE, HEEE L KT LZARS Muas
SHNTW5D,
X8 1Zidband 2 2B EN/A XA T F R ¥

F T T AL MERIRLTZ, 3007 X fRERA
DI8WIZH 125 4 DDXRTF N, 5s4HOT I/
B, s Twb, FBHICK 9, X1012
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>:\Xcalibur fasta.

[sp|P ILYC_HUMAN

i[1266
peptide(s)=Y WCNDGK WESGYNTR QY VQGCGV AWVAWR STDYGIFQINSR

TPGAVNACHLSCSALLQDNIADAVACAK

Analyzing ...

>gi[126615sp/P00695|LYC_HUMAN LYSOZYME C PRECURSOR (1,4-BETA-N-ACETYLMURAMIDASE
C)(gi|2144473|pir||LZHU lysozyme (EC 3.2.1.17) ¢ precursor - human( gi|307140 (J03801) lysozyme precursor (EC
3.2.1.17) [Homo sapiens]C gi|307142 (M19045) lysozyme precursor (EC 3.2.1.17) [Homo sapiens] Jgi|1790941
(U76912) lysozyme ¢ precursor [Pan troglodytes] gi|1790961 (U76933) lysozyme ¢ precursor [Pan paniscus]

[MASS=16537]

MKALIVLGLV LLSVTVQGKYV FERCELARTL KRLGMDGYRG ISLANWMCLA KWESGYNTRA
TNYNAGDRST DYGIFQINSR YWCNDGKTPG AVNACHLSCS ALLQDNIADA VACAKRVVRD

PQGIRAWVAW RNRCQNRDVR QYVQGCGV
>average mass = 16519

position sequence (NCBI BLAST link)

81- 87 YWCNDGK

52- 59 WESGYNTR

141- 148 QYVOGCGV.

126- 131 AWVAWR

69- 80 STDYGIFQINSR

88- 115 TPGAVNACHLSCSALLODNIADAVACAK

Lysozyme C precursor

Protein Coverage: 69/148 = 46.6% by amino acid count, 7587/16519 = 45.9% by mass

Search SWISS-PROT with gi|126615|sp/P00695|LYC_HUMAN via accession, descr./ID, or full text field.

Done.

B9

REFEA L o EN72BT TV F—4LC (N2 F8)

Lysozyme C precursor 69-80 (STDYGIFQINSR)

Seq# by (+1)
P 7252690
S 1 881 14015 12
T 2 1892 13144 11
D 3 3043 12133 10
Y 4 4674 10982 9
G 5 5245 9350 8
16 637.7 8780 7

F 7 7848 7648 6
Q 8 9130 617.7 5
1910261 4895 4
N 10 11402 3764 3
S 1112273 2623 2
R 12 13835 1752 1

Sea# by (2)
S 1 s 7013 12
T 2 951 6577 11
D 3 1526 607.2 10
Y 4 2342 5496 9
G 5 2628 4680 8
1
F
Q

e gle3

6 3193 4395 7
F 7 3929 3829 6
8 457.0 3093 5

9 513.6 2453 4
N 10 5706 1887 3
S 11 6142 1316 2
R

12 6923 881 1

sghe
#1716

b1-7
y!
b1-9

y1-9
e b1-10

10

Lysozyme CIZH¥K$ % T F FOMSMSA R b L
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A A

iy

REEShis NV E
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10% B E5
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Albumin
Defensins
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not detected
0.5M EDTA &%

Osteopontin
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