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DNA Extraction From Human Urinary Sediment

M. Yokota,* N. Tatsumi, |. Tsuda, T. Takubo, and M. Hiyoshi
Department of Clinical and Laboratory Medicine, Osaka City University Medical School, Osaka, Japan

DNA was extracted from urinary sediments
and was sufficient for polymerase chain reac-
tion (PCR) and enzymatic analysis, even if

remained stable for 2 weeks or more. Indi-
vidual identification and sex determination
could easily be performed using either fresh

or ethanol-fixed urine. In conclusion, urine can
be used as a source for PCR-based investi-
gations and genetic studies. J. Clin. Lab.
Anal. 12:88-91, 1998.  ©1998 Wiley-Liss, Inc.

DNA from microorganisms coexisted. From
urine samples, the yield of DNA ranged from
trace levels to 20 pg per 10 mL urine. When
urinary sediment was stored in ethanol, DNA
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INTRODUCTION lysing solution was added (TNE buffer at pH 8.0 contain-
ing 1% sodium dodecyl sulfate and 1@§mL proteinase

U_rlne IS e_xammed dall_y in the Chmc.al laboratory as part from Wako).The mixture was incubated for 4 hr at 55°C,
routine testing and predictably contains erythrocytes, leuko-

cytes, and squamous cells, even in normal subjects (1) I{ﬁracted once with TE phenol, representing phenol satu-
yies, sa o ) " “rated with TE buffer (10 mM of Tris-HCIl and 1 mM of
the exception of sperm in specimens from women, all nucle-

: - S EDTA, pH 8.0), twice with TE phenol:chloroform:
ated cells present contain the subject’'s DNA. In the chmclzégzamyl alcohol (25:24:1, by volume), and once with

laboratory, urine usually is discarded after microscopic as- o ) -
) . loroform:isoamyl alcohol (24:1, by volume), retaining
sessment. We assessed whether urine additionally could; be .
used for DNA analyses. he upper aqueous phase a_lt each step. Sodium acetate was
added to a final concentration of 0.3 M, and the DNA was
MATERIALS AND METHODS precipitated with two volumes of chilled absolute ethanol
(EtOH) at —20°C overnight, followed by centrifugation at
Urine was obtained from healthy volunteers ranging in a§&,000 rpm for 15 min. After washing with cold 70%
from 12-35 years (16 males and 5 females) and from 128H, the pellets were dried and resupended ipl36f
patients of each gender, ranging in age from 5-84 years, Wt buffer at 37°C. In the event that large amounts of DNA
were undergoing medical consultation at the university hagrands were detected, the pellets were resuspended in 600
pital of Osaka City University Medical School. (The studyL of TE buffer. Extracted DNA was quantified by spec-
was approved by the Institutional Review Board of the urirophotometric analysis at 260 nm (®§), using a
versity.) Fresh urine (10 mL) were centrifuged at 1,500 rpdiv2200 spectrophotometer (Shimadzu, Kyoto, Japan)
for 5 min, after which 9.8 mL of the supernatant were diand/or estimated by gel electrophoresis as follows. Five
carded. The sediments were resuspended in the remainingiQ.df each specimen were loaded on a 1% agarose gel
mL, and two drops of dye solution, modified stains divako) in a minigel apparatus (Mupid, Cosmo Bio, To-
Sternheimer and Malbin, were added (Wako Pure Chemidgy®, Japan) and subjected to electrophoresis. DNA was
Co. Osaka, Japan). Semiquantitative assessment of the nuisualized by ethidium bromide staining and photographed
ber of elements per high power microscopic field was pemder ultraviolet light. If the gel was overloaded, electro-
formed. Another 10 mL aliquot, from urine stored at 4°C fgrhoresis was repeated at a higher dilution. DNA quantity
12-20 hr, was centrifuged at 3,000 rpm for 10 min. The sedias estimated by comparison to 10, 20, and 30 ng DNA
ment thus obtained was mixed with 1 mL of TNE buffer (1€tandards.
mM of Tris-HCl at pH 8.0, 1 mM of N&EDTA, and 100 mM
of NaCl) and re-centrifuged.

*Correspondence to: Masaharu Yokota, Department of Clinical and Labora-
tory Medicine, Osaka City University Medical School, Asahimachi, Abeno,

Urine sedinent, obtained as described above, was c@lsaka, 545 Japan.
lected into a polypropylene tube (1.5 mL), and iQMf Received 21 January 1997; Accepted 10 July 1997
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PCR Amplification of HLA-DQA1 Gene and by optical density and gel electrophoresis. Purity was estimated
Human X-Y Homologous Region in X and Y by assessing the ratio of absorbance (DD, s ).
Chromosomes

Amplification of the HLA-DQAL locus was performedStatIStICS

using the GH26 and GH27 primers (2) (Perkin-Elmer CetusStudent’s t-test was used to determine significant differ-
Instruments, Norwalk, CT), and amplification of the X-Yences between groups.

homologous region was performed using X-Y homologous

primers (3), SXY-1001 and SXY-1002 (Maxim Biotech, SaBRESULTS

Francisco, CA). The PCR reaction mixture (B0 included elationships Between Cell Counts in Urinary

10 pL of extracted DNA sample (or < 400 ng of DNA), Zoggdiment and Amount of Extracted DNA

UM of each deoxynucleotide triphosphate (dATP, dCTP, dGTF,

and dTTP; Takara, Kyoto, Japan), 1.25 units of Taq DNA Trace amounts, < 30 ng of DNA, were extracted from 10
polymerase (Takara) &b of 10x reaction buffer, and 10 pmolmL of urine obtained from healthy subjects (N = 21), even
of each HLA-DQAZ1 primer or 25 pmol of each X-Y homolothose specimens in which no cells were found in the urinary
gous primer. Samples were heated at 94°C for 5 min in #egliment. From urine samples of 250 patients, DNA yields
first round of denaturation. Samples were then subjecteddanged from trace levels to @ (Fig. 1).

32 cycles of PCR consisting of 1 min at 94°C, 1 min at 62°C,Samples with 5-20 epithelial cells and/or leukocytes in one
and 2 min at 72°C for HLA-DQA1 and 1 min at 94°C, 1 mihigh power microscopic field (x400 magnification) yielded
at 52°C, and 2 min at 72°C for the X-Y homologous regior200—1,000 ng of DNA. Samples with > 20 epithelial cells and/
Cycling was performed by automated DNA Thermal Cycler leukocytes per high power field yielded pdglof DNA (Fig.
(GeneAmp PCR System 9600, Perkin Elmer Cetus). Afte). Relatively high levels of DNA were extracted from urine
the last cycle, the samples were incubated for an additionabBtaining microorganisms such as bacteria, yeastigloomo-

min at 72°C. Amplified DNAs that should have resulted inrzas vaginalisand the extracted DNA was thought to contain
242 bp product for the HLA-DQAL1 gene and 977 and 788 IlNA derived from these microorganisms. But the extracted
products for the X-Y homologous region, respectively, weBBNA was useful for PCR amplification for HLA typing or sex
checked on a 3% (w/v) NuSieve GTG agarose gel (Takaraflagermination based on the X-Y homologous region.

described previously. About 80-95% of observed leukocytes were neutrophils.
In some samples, a variety of salt crystals and bilirubin, as
Availability of Extracted DNA to Endonucleases well as erythrocytes, were found in the sediments, but no in-

terference was observed in the phenol-chloroform DNA ex-

~ The availability of extracted DNA for endonuclease digegraction or in PCR amplification. Additionally, the presence
tion was checked using three restriction endonucleases in rep-

resentative HLA typing sets, specifically Haelll, Ddel, and ng
Rsal for the HLA-DQAL gene (4). For the X-Y homologous 100 000
region, amplified DNAs from the X chromosome were di- 1000-
gested with Taql, whereas the fragment from the Y chromo- ]
some was digested with Hpall. Restriction fragments were 10 000-
detected by staining with ethidium bromide following elec-
trophoresis as described above.
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DNA Extraction From Urine Fixed
With Absolute Ethanol
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Urine samples in which a large number of leukocytes aftd + n=1
squamous cells were detected were separated into 16 tubes with 10. * n=5
10 mL of urine each. In four tubes, DNA in urine was extracted ® n=10
immediately as described above (Group A). In addition, 5 mL @ n=50 "
of absolute ethanol (EtOH) were added to the sediments from 1 : . . ’ . .
the remaining 12 tubes, which then were divided into three % > N S & S
groups for storage for 2 weeks at 4°C (Group B), 25°C (Group N x 7
C), or 30°C (Group D). Samples from these three groups were Cells/HPF
centrifuged and washed onge with 1 mL of TNE buffer. DNﬁg. 1. DNA-recovery vs. total cells in urinary sediments. X axifirs
then was extracted as described above. Extracted DNA WagkEcount of epithelial cells and thatBfis epithelial cells and leukocytes.
suspended in 6QQ of TE buffer, and quantity was determinediPF, high-power field (x400).
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of mucoid and crystals that grew during storage did not int
fere with DNA extraction. Sufficient DNA for PCR analysis
was obtained from 10 mL of urine in all cases (n = 271
except for the one male in whom no cellular components wi
detected microscopically in the sediment.

1 23 45 6 789

Determination of Electrophoretic Patterns
of Extracted DNA

242bp

High molecular weight DNAs with a distinct or relatively
broad band were visible in almost all samples. Degraded DI
was detected in a few specimens; clinical circumstances w
examined in these cases. All extraction was started witl
20 hr of random single-voiding collections or from 24-h A
urine collections. Degradation usually was not observed af-
ter 24 hr of storage, but DNA degradation patterns were ¢ 1 2 3 4 5 6 7 8
hibited in some specimens from patients with canc
undergoing chemotherapy.

PCR Amplification and HLA-DQA1 Genotyping
Using Extracted DNA
242bp

HLA-DQAL genes could be amplified from all extracte: 194]“'
DNAs.The genotypes of the HLA-DQA1 genes could be ide
tified unambiguously (Table 1). The amplified 242 bp DN:
product was digested with three restriction endonucleas
Haelll, Ddel, and Rsal for HLA-DQAL1 genotyping (Fig. 2)

Sex Determination After PCR Amplification
of the X-Y Homologous Gene Amelogenin B

Although the availability of amplified DNAs could beFig_ o

Amplification of the HLA-DQAL1 geneA. Results of amplifica-

demonStra.ted by HLA-DQA1 typing,_t_he DNAs were alSgon with GH 26 and 27 primers from DNA extracted from urine (2-8) are
assessed in another manner. Amplified bands of 977 dbpwn. 1,®X174/Haelll; 9, PCR positive contrdg. Polymorphic restric-

TABLE 1. Distribution of HLA-DQA1 Genotypes Assessed in
Urine Samples

tion fragment patterns of PCR produdiX174/Haelll (lanes 1 and 5), Haelll
digestion (lanes 2 and 6); Ddel digestion (lanes 3 and 7); Rsal digestion
(lanes 4 and 8); HLA subtypes 0301/0301 (lanes 2—4) and 0101,2/0301 are
shown (lanes 6-8).

HLA-DQA1 Number
subtypes of specimens Frequency (%)

on the X chromosome and 788 bp on the Y chromosome
gigi’zgig;'z fj 1;"5 cc_)uld be clearly sparated in gll samples and were digested
0101:2/0301 64 237 with Taql and Hpall, respectively (F|g. 3). Inall cases the
0101,2/04,501 4 15 determined sex corresponded with the sex noted in the
0101,2/0601 2 0.7 medical records.
0103/010 14 5.2
0103/0301 43 15.9 ; ; ;
0103/04.501 5 0.7 Effect of Storage on Urine Fixed With EtOH
0103/0601 1 0.4 The above experiments were performed using urine
0201/0301 2 0.7 specimens that were either freshly collected or stored for
82858205101 7121 22'1 24 hr. We also were interested in determining whether fixed
0301/0601 6 29 and long-term-stored urine could be used for such typing.
04, 501/04,501 1 0.4 The amounts of DNA extracted from urine in Group A
04, 501/0601 1 0.4 (fresh), B (stored for 2 weeks at 4°C), C (stored for 2
0601/0601 1 0.4 weeks at 25°C), and D (stored for 2 weeks at 30°C) were
others 0 0 12.9 + 0.25, 13.4 + 0.39, 13.0 + 0.08, and 13.2 + 0.68
Total 270

100 (mean + SD for four determinations), respectively. The
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sediment could be easily transported and stored for at least 2
weeks without evidence of degeneration or fermentation.

DNA extracted from urine was easily used for PCR-based
investigations or diagnostic approaches. Although urine may
contain proteins that can potentially interfere with PCR, phe-
nol-chloroform extraction can remove substances such as al-
bumin, hemoglobin, and bilirubin.

DNAs from microorganisms including bacteria, yeast, or
Protozoa did not result in any problems in PCR amplifica-
tion. Human sequences were specifically amplified, result-
ing in HLA-DQAL and sex determination. Although sperm
contamination could cause a misdiagnosis in X-Y identifica-
tion in women, no actual cases were observed. In the event of
such a problem, a microscopic precheck of the urine sedi-
Fig. 3. _Amplifica_tion of the X-Y homologous gene amelogeninment would prevent this situation.

PX174 dlgest'ed with Haelll was used for size references (lanes ]..,'7).0ur results of HLA typing corresponds well with those
An amelogenin gene fragment from a female and male were amplifie . .

(lanes 2 and 4, respectively) and digestion with Taql (lanes 3 and_ofg, prQVIous reports (5)' and the results of sex typing Wer_e
respectively). An amplified fragment from a male was digested wilfléntical with the registered sex of the donor on the medi-
Hpall (lane 6). cal record. Our primers for sex determination could am-
plify both X and Y genes, and the amplified products could
ratio of absorbance (ORJOD, 9 of all samples was be conveniently checkod. Urine collection is a much easier
1.84. PCR amplification of HLA-DQA1 gene and X-Y ho_procedur_e_than samplmg of buccal cells, blood c_ells, or

ir. Additionally, the urine method could be applicable

mologous gene amelogenin were successful in D : S X .
g 9 9 or sex checks in sports events and for individual identifi-
samples from all 4 groups. S . o
cation in forensic medicine.

In conclusion, urine can be used as a source material for
DISCUSSION PCR-based investigation.

Our results demonstrate the following points: (1) urine seiEFERENCES

ment easily can be used for genetic analysis, (2) urinary sedi-

. . Fogazzi GB, Passerini P, Ponticelli C, Ritz E, Cameron JS: Chapter
ment can be stored for Iong perlods of time before DN]AZ The formed elements of the urinary sediment. Chapter 4 The uri-

extraction if it is fixed with ethanol, and (3) DNA obtained nary sediment of the normal subject. The Urinary SedimenGB
from urine can be used for PCR and enzymatic analyses, aFogazzi, P Passerini, C Ponticelli, E Ritz, JS Cameron, eds. Chapman
though DNA from microorganisms such as bacteria, yeasts& Hall Medical, London, 1994, p23-108, 135-137.

or Trichomonas vaginalisiight be extracted simultaneously? '\H"E‘ZdSQ'\f'&lM“gst‘m; Nb'sziii ss’tieotnatl):fplg é‘g‘;‘; ""Iﬂide(;agiﬂAmvig‘hoglfor
with the human cell DNA. genatyping by clg P

L . T . . lele specific restriction endonucleasBssueAntigens34:290—-298, 1989.
Individual identification and sex determination could be pes- nakahori Y, Hamano K, Iwaya M, Nakagome Y: Sex identification by

formed using fresh or fixed urine without any difficulty. Reli- polymerase chain reaction using X-Y homologous priraer. J Med

able extraction of DNA was obtained with 10 mL of urine, even Genetics39:472-473, 1991. _ _ 3

in random single-voiding specimens. Even 5 mL were Suﬂli._Sada M,Amemlyq H., Inoko H: Analysis of enzymatloally amplified HLA-
. . . . . . DQAZ1 using restriction fragment length polymorphidmansplant Proc

cient if the urine contained epithelial cells or leukocytes. Gen-,."/ e, 4s2 1991

erally > 100 mL of urine could be collected at one time, aBdramaki K, Yamamoto T, Uchihi R, et al: Frequency of HLA-DQAL al-

specimen collection was well tolerated by patients. The fixedieles in the Japanese populatistum Hered41:209-214, 1991.



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES
	Table 1
	Fig. 1
	Fig. 2
	Fig. 3

