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uanidinium thiocyanate, sodium salicylate, sodium per-
(21)  Appl. No- 11/138,543 %hlorate, and sodiufn thiocyanate in the r}ange of from ag)out
~9 a4 0.1 M to about 10 M; and (2) adding the preservative
(22) Filed: May 25, 2005 solution to the bodily fluid, th(us) preserving the molecule.
Related U.S. Application Data The molecule can be a protein or a small molecule, such as
a steroid. The invention also encompasses preservative
(60)  Provisional application No. 60/574,529, filed on May compositions suitable for preserving proteins or small mol-
25, 2004. ecules, and kits. Preservative compositions can further
include at least one enzyme inactivating component selected
Publication Classification from the group consisting of manganese chloride, sarkosyl,
and sodium dodecyl sulfate in the range of up to about 5%
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GOIN 33/53 (2006.01) to the present invention have many diagnostic and forensic
CI2N 9/99 (2006.01) uses, in addition to being suitable for preparing composi-

(52) US. Cl i 435/7.1; 435/184 tions usable by hunters for attracting animals.



Patent Application Publication Jan. 19,2006 Sheet 1 of 23 US 2006/0014214 A1

N CONCENTRATION
N UNPRESELVED

LRINE — NORMPAL VMIRLE
2501 o NORMAL FEMALE
—— OFIBETIC LURINE (N/D)

— ACID URINE
— BASIC URINE

/50 — HIGH REATES

— £ cOoL! UTY

e AWNED UTT SPINAL CORD
100 INSURY

—— PREGNANT WOMAN

S AIONTHS

o

2 TRANSFORAIAN TS
o 9

FIlG. 1

(PRIOR P77

E/CH T DAY SERIAL 7 74 ON
& BIOLOGICALY RCTIVE ONA

o TO7AL OESTRUCTION O&
BIOLOGICALY ACTIVE DNA

)

&

Q
4
4
r
<
4
L

# TRANSFORNIANTS
N

OARYS

FIlG. 2

(=IO AT



Patent Application Publication Jan. 19,2006 Sheet 2 of 23 US 2006/0014214 A1

UNPRESERVED SERUANT LATAH

/20 ——— NORMBL SERUNI-MAL £

Jool . NORMAL SERLINI-FEIALE

— ——~RONORAAIL SERLLUAT AL £
lu\) IO \ T AONORMAL SERUM FEA LI £
% \
X 601
Wy
Q
Q <o
3
ES 20
N
¥ O
o P P & & 0
HOURS
FiG. 3
PCR DETECTION OF MOMP CHL AN Y IA
- IN UNPRESERVED URINE

N -

S

S CHLAM YOI

w 3 h MOMP

N PRINIER,

S 2]

0

T /4

3

¢ 9]

o / Z 3 a



Patent Application Publication Jan. 19,2006 Sheet 3 of 23 US 2006/0014214 A1

DONVG CONCENTRATION IV
.260-1 PRESERVED LMINE

il ERE

NORAIAL AITLE

NORAIAL FENALE

LIABETIC LRINE

ACID LRINE

BARASIC URINE

HIGH UREATES

S COLI T/

ATIXELD /77 SPINAL CORD INIIRY
FREGNMANT WONIAN & AMONTHS

FI1G.5

/938
1 200 COLONIES /S THE NMAXININT
—— COLUNT THRT CAN BE EXPECTED
/9& 200 /5 707.5L PRESERVATION
/941

g

o TR ANSFORCATANTE
N ~
3 8

N
&
)



Patent Application Publication Jan. 19,2006 Sheet 4 of 23 US 2006/0014214 A1

FPCR RESULTS IN UNPRESERVEL

& VS. PRESERLVELD NOLAISL.
LIRINE
PRESERVELD

I
Y
3
T 2]
q
¥
Q
0h /.
Q
R

0 T L] T T L) 1

o 7/ Z Z < S &G 7

HOURS

FlG. 7

EICHT LAY SER/AL OFTA ON
/72 FPRESERVED SELUN

/06

N

ONA CONCEN 7RI 7/0N

HTRANSFORNIANTS
N




Patent Application Publication Jan. 19,2006 Sheet 5 of 23 US 2006/0014214 A1

/259 PRESERVED SERUM OF7R (70 HOURS)

120+
{‘\) /)5
3
S YeL*L
3
L o5
‘g EDTH - GUANIDINE
N PRESERVED SERLIAT
N /OO
N
¥

95 ' Y \

o 2 A G & Ve, /2
MHOUR S

ADD URINE TO PRESERVATIVE [—20

l

MIX 5

i

STORE FOR UP TO 6 DAYS /70

A 4
PROCESS |—7/5

v FIG. 1_0

GTT -/20




Patent Application Publication Jan. 19,2006 Sheet 6 of 23 US 2006/0014214 A1

f/Z
CHEMICAL. LR INE
EO71 | \erspeus rve SPECINIEN
| Loz 6
y -
SPECHIEN |q
7eIBE o
l 22
CENTR FLIGE TESTING
APEERA TLIS
v /22 i 26 j L o
PELLET | 5‘.,{-’;’;‘5572 » SToeace

Fi1G. 11

¥ ONEIRNA TIREATEL
e VBRI P TION
o ONASONE LN TIEES TEL
] HYBRIDIZATION
S
991 N\
~
\ \
Wy z- N
T~
: S
)
§ / 1 \\ — -
A
o
o / z 3 P 5 e 7 g
INCRESSIMG CONCENT77 A3 7/0ON O~
TG 7

FilG. 12



Patent Application Publication Jan. 19,2006 Sheet 7 of 23 US 2006/0014214 A1

28
260
8.07
/8./2
/2.99
/6.30
| 8.3/
/1296

| w2/

/.98
| 1227
Yy
-0.35
2.29
072

| 752
4.30

| e
/743

| 229

2DAY S NO PRESELY

TR L DEG. NO PRESER
FOCNI 2
OS2

LY S SHHKE, FORAT !

|| 2 AL ASMAERZN REF | g0
WO PRESERVIFTIVES :
ZA/ FPLASAIA REF

NO PRESERVATIVES

ZDAr el FoRM /

| o9y serME FORLYZ
l TORY R OES. FOCATZL
209y @2 £FORMS

| 700y, 2056, coerrs
TRy €80, £ORNIT

| oays see, Foeira
208y € LOCNT &

| 700y, 2 pEG. FoRII
TRy @80 COCATZ

ZD8Y.4 OEG. FORAZ
7Oy @S80°
| o9y sP100E, FORATS

| 700y 2 056 FoRA7
Oy @80T AN/

09y &g

Ik

7Oy @ 8O FORANT
| TOBY, @ DEG, FORM <
l ZOAY L% FORNIA
| DAY I SPIKE, FORNT
{ 708y € 80% FORNF
| 7O, & OEG. FORAMI I
[ ZORY @45 FORI S
L DAY | SPIKE FORN 3
i | 709y & S0, ForAT 2
| 2 09y, 2 056 ForaTZ
| 709y, @ DEG. cORMT S
| 2 09y eq° Fornr 2
i o9y sewe, roerrz
7097 @ 80° FOATS
709y, 2 DEG, FORAT
[ 209y €4 FORL/

| DAY | SEIKE, FORAT!

700Y. 4 DEG NO
PRESERVR TIVES

209y @ I° MO PCESERL
LAY PLASAMA, RREL

| NO PRESERVATIVES

2 ALY PLASMEG FRZN KL
. S % ANC PRESERVATIVES

g}) Q AR !

ATEAN R2LL

COND/ITION

FlG.15

.TT




Patent Application Publication Jan. 19,2006 Sheet 8 of 23 US 2006/0014214 A1

B s/~

OO /77 87/ #5077/

OO 7777 /2 e

NN 50 o/ _form /

SO SERUN ref

&\\\\\\\\\\\\\\\\\\\\\\\w

rmil s wirorm /

COND/ TION

OO 777 82 ref

sou form/

SO W/ plasma ref

FIG. 14

I

RN
QSQ&Q%QWNQ
SN RLL

2
N QO N n Ny 9
H NG Yy G Y
N ~ ~
S
eSS e f RS
SRR NI
2 % N NN
N NN I
R 3 " QoY
NRER RN
3308888
8 3 §9 §



Patent Application Publication Jan. 19,2006 Sheet 9 of 23 US 2006/0014214 A1

N
&

X

ATE 7T HEATOGL OB/IN
CONCEN TSI 7T/ON

N

~
Q

SERUNT? NMETHENIOGLOBIN /L

O N 4 & g

o / z 3
PR A8SORBINCE

FIG. 15

“ J/

—8— PR ABSOCBANCE

PCR ABSORBANCE

\5']1!rlllﬁ
© Z2 4 6 & o 2z K& 5 B

ATETHENIOGLOBIN CONCENT7RE T/ON

FilcG. 16



US 2006/0014214 A1

Patent Application Publication Jan. 19,2006 Sheet 10 of 23

IR §

S 20H

SULDOTHIZ T 1VIITOS £ HL T~ -
FULENGADOMM L NIHTOS #5LTT - ——
FLEIOTHIS TS IN/WTOS # 2L DT —
FUENEADOML WVIHOOS £ELEST —
TINIOINESIO + LD -
ATNO FLEXOTHOZ Fed INICOS - —
ATNO LSS
ATNO blLOZF ——
ATNO BLLOS - —
AINO INICINE7D ——
(NOLLDOTLODS ON )T AT ——

T T T
m oy ~

T
A
PCR ABSORBANCE




Patent Application Publication Jan. 19,2006 Sheet 11 of 23 US 2006/0014214 A1

250

Z00- —o— BAL7A O O/A7

# TN EFORANIAN 7
~
Q
Q

O 5 0 5 20 25 30
HOUNCE

FIG. 184

250
0 20 —a— ED75 ONL Y0 OIN7
{ \ |
5 /S5
-& SO0
)
% SO
Y
y —

O 5 0 15 20 25 0
HORS

FIG. 18B



Patent Application Publication Jan. 19,2006 Sheet 12 of 23  US 2006/0014214 A1

250
{0 200 —$—£GTH OO/
2
1y
Y S50
Y
& /OO
2
& SO
N
97 * .

O 5 o 5 2 25
OIS
FlG. 18C

LS50
0 SOL/INT
N 200] —O— PERCHL ORI T
% ] ONL Y
S /B0 \\
Q : \
% OO0 - \
> \
T s \
g \
13 & \D“‘*\o————u—-o

T T T T T T ]
o S o5 20 25 Fo
HOLES

Fi1G. 18D



Patent Application Publication Jan. 19,2006 Sheet 13 of 23  US 2006/0014214 A1

N
SR

N {

o SFL/ICYLIC FC/O
~C/O

# TICONSEORAMIGN TS
~
Q
$

SO
0-
o 5 o 15 20 25
Aowwes
I'lG. I8F
250
ﬁ)zao o GUANIDINE
%_ HCL ONL Y -~
S /S0
!
0
U /oo
)
2
& SO
N
L SR " .

v T

©C 5 o 5 o 25 39
Houes

FIG. 18F



Patent Application Publication Jan. 19,2006 Sheet 14 of 23  US 2006/0014214 A1

120
W4 o 0 o
8 g N §._°
— T e =g .
80 ~ ) | & S Q»—- -“U \.ﬂ.—u* Q
- &
e
>
5 60 -
w
‘g‘ _
S 40 4
1)
0.
20 4
0 - T O——0———O—0—0
. . T T T T T T T T T T

AA ats

—8— Potassium Acid Phosphate 30'C
—v— Polassium Arid Phosphate 2-8'C
-8 - SuHl/epRsvc

© GuHLl/ EpTH 2-8C

Fle 194



Patent Application Publication Jan. 19,2006 Sheet 15 of 23  US 2006/0014214 A1

120

100 - o-0Q. ¢ ©
~a ... o 0 o .
0— -O- - g — . < <

80 - -8 —E

60 -

40

Percent Survival

20

O O——O—T— OO

i L§ F 1 T L} i [l 1 T T 1

.0 1 2 3 4 5 6 7 8 9 10 11 12 13

Months

—a— Boric Acid 30C

~g— Boric Acid 2-8C

B GuHU/EuTA 30T
O GuH/ TR 28C

6. 198



Patent Application Publication Jan. 19,2006 Sheet 16 of 23  US 2006/0014214 A1

120
0y o0, 0 9
80 -
60 -

40 -

Percent Survival

20 A

—&— Sodium Bicarbonate 30'C
~g— Sodium Bicarbonate 2-8'C
~aGaHU) I 30C

< Guld / Epir 2-8¢C

Fle 19¢



Patent Application Publication Jan. 19,2006 Sheet 17 of 23  US 2006/0014214 A1

120

60 -

40 4

Percent Survival

0 1 2 .3 4 S 6 7 8 9 10 11 12 13

.| —@— Benzoic Acid 20'C
=¥ Benzoic Acid 2-8C
~& GuAl) DA 30c

© CulC]/CPTR 2-8C

Fle 190



Patent Application Publication Jan. 19,2006 Sheet 18 of 23

Percent Survival

US 2006/0014214 A1

120

100 A

80 -

60

40 -

20 4

N

~O0——O~ - — O —-O—O— O —O

T LS ¥ i ] T T L T T T T
0 1 2 3 4 ) 6 7 8 S 10 11 12

- Months
—&— Sodium Benzoate 30'C .
-9~ Sodium Benzoate 2-8'C
~8 S h /G0 J0C

O GuHU/EDH . 2-8C

Fle- 9B

13



Patent Application Publication Jan. 19,2006 Sheet 19 of 23  US 2006/0014214 A1

PCR Absorbance

—&— Sodium Thiocyanate only
-y--Guandine,  Thiocyanate only
—a— Guanidine only

—< -+ Sodium Perchlorate only

—a— EDTA only

—e -+ Sodium Thiocynate +EDTA
—o- - Guanidine Thiocyanate+EDTA
—— Guanidine+EDTA

--#-- Sodium Perchlorate+EDTA
—&— Lithium Chloride+EDTA




P N —
atent Application Publication Jan. 19,2006 Sheet 20 of 23  US 2006/0014214 A1

PCR ABSORBANCE
N

HOURS

—o— Ubcd + SodiumThiocyanate 2m+0.1M EDTA
—g— Ubc2 +2M Sodium Thiocyanate and EDTA
—g@ - No Sodium Thodyude +EDTA(100 Unitsn of Enzyme)




Patent Application Publication Jan. 19,2006 Sheet 21 of 23  US 2006/0014214 A1

PCR .unso-pance
N

0:0: 0.5 1.0 1.5 2.0 2.5 3.0 35
Hours

—a— Frozen controis NM_015416
—v— 2M Scdium Thiocyanate+0.1M EDTA
—a&— Unprotected NM_015416

Fle 22



Patent Application Publication Jan. 19,2006 Sheet 22 of 23  US 2006/0014214 A1

PCR Absorbance

0.0 0.5 1.0 1.5 20 25 3.0 35
Hours

—o— Frozen controls NM_015416
| =9— 2M Sodium Thiocyanate+0.1M EDTA
~#— Unprotected NM_015416




Patent Application Publication Jan. 19,2006 Sheet 23 of 23  US 2006/0014214 A1

- T

Immunoassay Aksurpanice

) ) L 1 T i ¥ 1 ¥ ¥ i L 3 L}

D 1 2 3 4 5 & 7 & 9 10 11 12 13 T 15
HOURS

—&— ATP No EDTAor SodiumThio
—v— ATP +EDTA +Sodium Thio

F 6 24—



US 2006/0014214 A1

URINE PRESERVATION SYSTEM

CROSS-REFERENCES

[0001] This invention claims priority from Provisional
Application Ser. No. 60/574,529, filed May 25, 2004 by
Tony Baker, entitled “Urine Preservation System.” The
contents of this application are incorporated herein in their
entirety by this reference.

BACKGROUND OF THE INVENTION

[0002] This invention is directed to compositions and
methods for the preservation of urine, particularly for the
preservation of macromolecules such as nucleic acids and
proteins, as well as small molecules, in urine in a condition
in which they can be recognized by reagents that specifically
recognize macromolecules in a sequence-specific or confor-
mation-specific manner, or specifically recognize small mol-
ecules, for subsequent testing and analysis.

[0003] Modern testing and treatment procedures have suc-
cessfully reduced the prevalence and severity of many
infectious diseases. For example, sexually-transmitted dis-
ease (STD) clinics regularly screen and treat patients for
such diseases as gonorrhea and Syphilis. It is now well-
known to identify infectious agents such as gonococci by
analyzing a DNA sample. A genetic transformation test
(GTT), such as Gonostat™ (Sierra Diagnostics, Inc.,
Sonora, Calif.), can be used to detect gonococcal DNA in
specimens taken from the urethra of men, and the cervix and
anus of women, according to Jaffe H W, Kraus S J, Edwards
T A, Zubrzycki L. Diagnosis of gonorrhea using a genetic
transformation test on mailed clinical specimens, J Inf Dis
1982; 146:275-279. A similar finding was also published in
Whittington W L, Miller M, Lewis J, Parker J, Biddle J,
Kraus S. Evaluation of the genetic transformation test, Abstr
Ann Meeting Am Soc Microbiol 1983; p. 315.

[0004] The GTT is a test for biologically active or native
DNA. For example, the Gonostat(3) GTT can be used to
detect DNA such as gonococcal DNA in urine specimens.
The Gonostat™ assay uses a test strain, Neisseria gonor-
rheae, ATCC 31953. This test strain is a mutant that is
unable to grow into visible colonies on chocolate agar at 37°
C. in 5% CO,. Gonococcal DNA extracted from clinical
material can restore colony growth ability to this test strain.
The Gonostat™ assay is discussed in Zubrzycki L, Wein-
berger S S, Laboratory diagnosis of gonorrhea by a simple
transformation test with a temperature-sensitive mutant of
Neisseria gonorrhoeae. Sex Transm Dis 1980; 7:183-187.

[0005] It is not always possible to immediately test a
patient for the presence of such an infectious agent. For
example, clinical laboratories are not readily found in many
rural or underdeveloped areas. In such circumstances, it is
necessary to transport patient test specimens to a laboratory
for analysis. It is therefore desirable to preserve such speci-
mens for subsequent analysis with a GTT or other testing
procedure.

[0006] Urine specimens are frequently practical and con-
venient for use in diagnoses of an infection, such as gonor-
rhea. A urine specimen can be collected by a patient,
therefore avoiding the invasion of privacy and discomfort
accompanying collection of other specimens, such as blood
specimens, urethral cultures, or cervical cultures. Collection
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of a urine specimen by the patient also reduces the work load
of the staff in the clinic or office.

[0007] DNA culture results of urine from males are quite
sensitive when the urine is cultured within two hours of
collection. Such results can approach 92% to 94%, or even
100%, as described in Schachter J. Urine as a specimen for
diagnosis of sexually transmitted diseases. Am J Med 1983;
75:93-97. However, the culture results of urine from females
are not very reliable, even when cultured within two hours.
According to Schachter, only 47% to 73% of female urine
cultures are positive relative to the culture results of cervical
and anal specimens. Furthermore, it is known that culture
results from any anatomic site are not 100% sensitive. (See,
for example, Johnson D W, Holmes K K, Kvale P A,
Halverson C W, Hirsch W P. An evaluation of gonorrhea
casefinding 1n the chronically infected male. Am J Epide-
miol 1969; 90:438-448; Schmale J D, Martin J E, Domescik
G. Observations on the culture diagnosis of gonorrhea in
women. JAMA 1969, 210:213-314; Caldwell ] G, Price E'V,
Pazin G J, Cornelius E C. Sensitivity and reproducibility of
Thayer-Martin culture medium in diagnosing gonorrhea in
women. Am J Gynecol 1971; 109:463-468; Kieth L, Moss
W, Berger G S. Gonorrhea detection in a family planning
clinic: A cost-benefit analysis of 2,000 triplicate cultures.
Am J Obstet Gynecol 1975; 121:399-403; Luciano A A,
Grubin L. Gonorrhea screening. JAMA 1980; 243:680-681,
Goh B T, Varia K B, Ayliffe P F, Lim F K. Diagnosis of
gonorrhea by gram-stained smears and cultures in men and
women: Role of the urethral smear. Sex Trans Dis 1985;
12:135-139.

[0008] Currently, urine specimens must be tested quickly
for the presence of naked gonococcal DNA. Naked DNA is
intact double stranded DNA which is released from viable
gonococci. Such naked DNA can be found in the urine of an
infected patient. However, enzymes in urine rapidly destroy
any DNA present in the specimen. The DNA is either
denatured, broken into single strands or totally destroyed by
the enzymatic activity. This destruction of the DNA can
effectively inactivate the naked gonococcal DNA for pur-
poses of testing.

[0009] In a test such as the GTT, inactivation beyond the
limits of detection is determined by the inherent genetic
needs for select gene sequences of the Gonostat mutant
strain used in the Gonostat test. For example, the Gonostat
transformation assay is a very sensitive measurement tool
for nucleic acid protection. In the GTT, the Gonostat organ-
ism must have approximately 1 picogram of native DNA to
transform. This amount is equal to the presence of approxi-
mately 30 gonorrhea bacteria in an inoculum. The average
clinical infection has 10>-10° such organisms.

[0010] The destruction of DNA by enzyme activity in a
urine specimen increases with time. For example, naked
gonococcal DNA in a urine specimen that is stored in excess
of two hours is inactivated beyond the limits of detection of
the GTT. As a result, the testing of urine specimens for DNA
is very time-sensitive. For example, DNA-based tests such
as the polymerase chain reaction (PCR), the ligase chain
technology (LC,) test of Abbott Laboratories, Abbott Park,
I11., and the GTT all must be performed on a urine specimen
within approximately two hours. FIG. 1 is a graph of DNA
concentration in unpreserved urine according to the prior art,
demonstrating DNA destruction over time. The gonococeal
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DNA concentrations of ten different types of urine speci-
mens were tested using a GTT at hourly intervals, com-
mencing one hour from time of inoculation. Approximately
200 transformants were counted at the one hour measure-
ment. However, for all specimens, the number of transfor-
mants declined by more than 100% within one hour of this
initial measurement. The number of transformants
approached zero within the two hours of the initial mea-
surement, FIG. 2 is a graph of eight day serial data on
unpreserved urine according to the prior art, further illus-
trating DNA destruction in unpreserved samples. Approxi-
mately seven transformants were counted at the one day
measurement. However, by the second day, testing indicated
that the biologically active DNA in the unpreserved urine
had been totally destroyed by enzyme activity.

[0011] Tests such as the GTT can also be used to detect
DNA in such bodily fluids and excretions as blood, blood
serum, amniotic fluid, spinal fluid, conjunctival fluid, sali-
vary fluid, vaginal fluid, stool, seminal fluid, and sweat.
FIG. 3 is a graph of DNA concentration in unpreserved
serum according to the prior art, demonstrating DNA
destruction over time. The gonococcal DNA concentrations
of normal and abnormal serum of both male and female were
tested at hourly intervals, commencing from the time of
inoculation. Approximately 100 transformants were counted
at the one hour measurement. However, for all specimens,
the number of transformants declined by more than 100%
within three hours of this initial measurement. The number
of transformants approached zero within the eight hours of
the initial measurement.

[0012] Another test that can be used to identify DNAin a
bodily fluid specimen is the PCR test. PCR testing uses
discrete nucleic acid sequences and therefore can be effec-
tive even in the absence of intact DNA. FIG. 4 is a graph of
PCR detection of MOMP Chlamydia in unpreserved urine
according to the prior art, demonstrating DNA destruction
over time. In PCR testing of an unpreserved urine specimen,
four PCR absorbances were observed one hour after the
addition of the MOMP Chlamydia. However, the number of
PCR absorbances declined 100%, to two, when tested at two
hours, and to zero by the third hour. This testing indicates
that, even though PCR testing doesn’t require intact DNA,
the enzymatic activity of urine rapidly destroys even discrete
nucleic acid sequences 45 within approximately three hours.

[0013] Unfortunately, practical and effective techniques
for preserving DNA in certain bodily fluids have not been
readily available. For example, one method used to deacti-
vate urine enzymes is heating. In an experiment, urine was
heated for five minutes in a boiling water bath (100° C.) and
then cooled. Naked DNA and DNA released from gonococ-
cal cells that were subsequently added to this urine were not
deactivated. This suggests that the deoxyribonuclease com-
ponent in urine is a protein(s), as proteins are typically
denatured by such high temperatures.

[0014] However, heating can denature DNA that is already
present in the urine specimen, including gonococcal DNA,
as well as the DNA of Haemophilus influenzae and Bacillus
subtilis. Thus, heating is not an appropriate method for
preserving a patient urine specimen to test for the presence
of such DNA. This is particularly true if the sample happens
to be acidic, as heating DNA in an acidic medium can cause
depurination, a reaction in which the purine bases are
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cleaved from the sugar-phosphate backbone. If depurination
occurs, recognition reactions which depend for their speci-
ficity on the base sequence of the DNA become impossible.

[0015] In other known DNA assay systems, it is known to
add detergents or other chemicals to assist in the detection
of DNA. For example, in the DNA assay system described
in Virtanen M, Syvanen A C, Oram J, Sodurlund H, Ranki
M. Cytomegalovirus in urine: Detection of viral DNA by
sandwich hybridization. J Clin Microbiol. 1984; 20:1083-
1088, sarkosyl was used to detect cytomegalovirus (CMV)
in urine by hybridization. In Boom R, Sol C J A, Salimans
M M M, Jansen C L, Wertheim-van Dillen P M E, van der
Noordaa J. Rapid and simple method for purification of
nucleic acids. J Clin Microbiol 1990; 28:495-503, guani-
dinium chloride in urine was used to purify nucleic acids as
assayed by gel electrophoresis. Although the reason for their
use in these studies was not stated, the chemicals inactivated
the deoxyribonuclease activity in urine that would have
interfered with those assay systems.

[0016] Tt would therefore be advantageous to provide a
method and system for preserving DNA in a bodily fluid
such as urine, blood, blood serum, amniotic fluid, spinal
fluid, conjunctival fluid, salivary fluid, vaginal fluid, stool,
seminal fluid, and sweat, such that the efficacy of the DNA
assays, e.g., the PCR, LC_, and the GTT is optimized.

[0017] Similarly, it would also be advantageous to provide
a method and system for preserving proteins in a bodily
fluid. If the primary sequence and three-dimensional struc-
ture of proteins in the bodily fluid can be preserved, many
specific assays, including immunoassays, ligand-receptor
assays and enzyme assays, can be run. However, as empha-
sized above, proteins in such bodily fluids can be subject to
rapid degradation. Such degradation can be carried by the
ubiquitin system.

[0018] Additionally, it would be extremely advantageous
to provide a method and system for preserving small mol-
ecules in a bodily fluid, particularly urine. Many small
molecules are participants in specific reactions, such as
immunological reactions, antibody-antigen reactions, and
reactions with receptors. Preserving the small molecules in
a bodily fluid, therefore, can serve a number of purposes,
including diagnostic and forensic. For example, the small
molecules could be assayed for the diagnosis of conditions
associated with the presence or abnormal concentration of
such a small molecule. The small molecules could also be
assayed for forensic purposes, such as might be needed in
the prosecution of rapes and other crimes of violence.

[0019] One of those purposes is the use of urine as an
attractant for animals, particularly in hunting and for fish
bait. The use of fresh urine, such as fresh boar urine, as an
attractant for animals is well known. However, the use of
fresh urine requires its collection from animals just before its
use, which is frequently messy, disagreeable, and inconve-
nient.

[0020] Applicant believes, without intending to be bound
by this theory, that the components responsible for the
activity of fresh urine in attracting animals are pheromones.
Such pheromones can be steroids, which can occur free in
solution or complexed with proteins. It would be desirable
to preserve urine in such a way that the activity of these
pheromones is preserved.
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[0021] Accordingly, there is a requirement for methods
and compositions that provide improved preservation and
stabilization of many components of bodily fluids, particu-
larly proteins and small molecules. Such methods and com-
positions should be readily usable and require 2 minimum of
attention by the user. Such methods and compositions
should also be capable of preserving proteins and small
molecules for a significant period of time, even without
refrigeration.

SUMMARY OF THE INVENTION

[0022] One aspect of the present invention that meets
these needs is a method of preserving a molecule selected
from the group consisting of a protein and a small molecule
in a bodily fluid, comprising the steps of:

[0023]

[0024] (a) an amount of a divalent metal chelator
selected from the group consisting of ethylenediamine-
tetraacetic acid (EDTA), (ethylenebis(oxyethyleneni-
trilo))tetraacetic acid (EGTA), and 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N',N'-tetraacetic acid
(BAPTA) and salts thereof in the range of from about
0.001 M to about 2 M; and

(1) providing a preservative solution comprising:

[0025] (b) an amount of at least one chelator enhancing
component selected from the group consisting of
lithium chloride, guanidinium chloride, guanidinium
thiocyanate, sodium salicylate, sodium perchlorate, and
sodium thiocyanate in the range of from about 0.1 M to
about 10 M; and

[0026] (2) adding the preservative solution to the bodily
fluid, thus preserving the molecule.

[0027] If the molecule is a protein, it can be selected from
the group consisting of enzymes, antibodies, receptor pro-
teins, regulatory proteins, membrane proteins, and structural
proteins. Typically, the protein is protected from degradation
from the ubiquitin system.

[0028] If the molecule is a small molecule, it can be a
steroid, such as a steroid having pheromone activity. The
steroid can be selected from the group consisting of andros-
terone, testosterone, tetrahydrogestrinone, dehydrochlortes-
tosterone, metandienone, methyltestosterone, androlone,
oxandrolone, oxymetholone, stanozolol, and their ana-
logues, precursors, and metabolites.

[0029] Typically, the bodily fluid is selected from the
group consisting of urine, blood, serum, plasma, amniotic
fluid, cerebrospinal fluid, seminal fluid, vaginal fluid, stool,
conjunctival fluid, salivary fluid, and sweat. More typically,
the body fluid is urine.

[0030] The preservative composition can further include
at least one enzyme inactivating component selected from
the group consisting of manganese chloride, sarkosyl, and
sodium dodecyl sulfate in the range of up to about 5% molar
concentration.

[0031] Another aspect of the present invention is a pre-
servative composition for preserving a molecule selected
from a protein and a small molecule comprising:

[0032] (1) an amount of a divalent metal chelator selected
from the group consisting of ethylenediaminetetraacetic acid
(EDTA), (ethylenebis(oxyethylenenitrilo))tetraacetic acid
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(EGTA), and 1,2-bis(2-aminophenoxy)ethane-N,N,N',N'-
tetraacetic acid (BAPTA) and salts thereof in the range of
from about 0.001 M to about 2 M; and

[0033] (2) an amount of at least one chelator enhancing
component selected from the group consisting of lithium
chloride, guanidinium chloride, guanidinium thiocyanate,
sodium salicylate, sodium perchlorate, and sodium thiocy-
anate in the range of from about 0.1 M to about 10 M.

[0034] Yet another aspect of the invention is a kit com-
prising:

[0035] (1) the preservative composition of the present
invention as described above;

[0036] (2) a vessel for collecting a biological fluid in
which a protein or small molecule is to be preserved; and

[0037] (3) instructions for use.

[0038] Still another aspect of the invention is a composi-
tion comprising:

[0039] (1) animal urine; and

[0040] (2) the preservative composition of the present
invention as described above, such that the animal urine
contains a pheromone in sufficient quantity to act as an
attractant to an animal of the same species as the animal
from which the animal urine comes.

[0041] Similarly, another aspect of the invention is a
method of preserving pheromone activity of an animal urine
comprising the steps of:

[0042] (1) providing a fresh animal urine containing
pheromone activity; and

[0043] (2) adding the fresh animal urine to the preserva-
tive composition of the present invention as described above
to preserve the pheromone activity at a level such that the
urine containing the preservative composition acts as an
attractant to an animal of the same species as the animal
from which the animal urine comes.

[0044] Another aspect of the invention is a preserved fluid
comprising;

[0045] (1) a preservative composition for preserving a
molecule selected from a protein and a small molecule
comprising;

[0046] (a) an amount of a divalent metal chelator
selected from the group consisting of ethylenediamine-
tetraacetic acid (EDTA), (cthylenebis(oxyethyleneni-
trilo))tetraacetic acid (EGTA), and 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N'N'-tetraacetic acid
(BAPTA) and salts thereof in the range of from about
0.001 M to about 2 M; and

[0047] (b) an amount of at least one chelator enhancing
component selected from the group consisting of
lithium chloride, guanidinium chloride, guanidinium
thiocyanate, sodium salicylate, sodium perchlorate, and
sodium thiocyanate in the range of from about 0.1 M to
about 10 M; and

[0048] (2) a bodily fluid from a human or non-human
subject.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The following invention will become better under-
stood with reference to the specification, appended claims,
and accompanying drawings, where:

[0050] FIG. 1 is a graph of DNA concentration in unpre-
served urine according to the prior art.

[0051] FIG. 2 is a graph of eight day serial data on

unpreserved urine according to the prior art.

[0052] FIG. 3 is a graph of DNA concentration in unpre-
served serum according to the prior art.

[0053] FIG. 4 is a graph of PCR detection of MOMP
Chlamydia in unpreserved urine according to the prior art.

[0054] FIG. 5 is a bar graph of DNA concentration in
preserved urine according to one aspect of the invention.

[0055] FIG. 6 is a graph of eight day serial data on
preserved urine according to one aspect of the invention.

[0056] FIG. 7 is a graph comparing PCR results in unpre-
served and preserved normal urine according to one aspect
of the invention.

[0057] FIG. 8 is a graph of eight day serial data on
preserved serum according to one aspect of the invention.

[0058] FIG. 9 is a graph of DNA concentration in pre-
served serum according to one aspect of the invention.

[0059] FIG. 10 s a flow chart of the method for preserv-
ing DNA according to one embodiment of one aspect of the
invention.

[0060] FIG. 11 is a diagram of the system for preserving
DNA according to one embodiment of one aspect of the
invention.

[0061] FIG. 12 graphically illustrates a comparison of
signal response in PCR assays wherein the DNA has been
treated with a preservative according to one aspect of the
invention, and one which has not.

[0062] FIG. 13 illustrates the efficacy of reagents of the
present invention to enhance signal response of a branched
DNA assay of blood plasma samples subjected to various
storage conditions.

[0063] FIG. 14 illustrates the efficacy of reagents of the
present invention to enhance signal response of a branched
DNA assay of blood serum and plasma samples.

[0064] FIG. 15 is a graph showing the interference of
methemoglobin on PCR absorbance in a PCR amplification
assay on hepatitis B sequences MD03/06 in unprotected
serum;

[0065] FIG. 16 is a graph showing the improvement in
attenuating the interference of methemoglobin on PCR
absorbance in a PCR amplification assay on hepatitis B
sequences MD03/06 in serum which has been treated with a
preservative according to one aspect of the invention.

[0066] FIG. 17 illustrates the synergistic effect provided
by the components of the inventive reagents in protecting
hepatitis B sequences in serum stored at room temperature
and subsequently subjected to MD03/06 PCR detection.

[0067] FIGS.18A-18G are graphs showing the absence of

preservative effect on gonococcal DNA in urine stored at
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room temperature and subsequently subjected to PCR detec-
tion offered by the individual addition of certain components
which are included in the reagents of the invention.

[0068] FIGS. 19A-19E are graphs showing comparisons
of preservation of androsterone in androsterone-spiked
human urine over 12 months: FIG. 19A: guanidinium
HCIEDTA versus potassium acid phosphate; FIG. 19B:
guanidinium HCI/EDTA versus boric acid; FIG. 19C:
guanidinium HCI/EDTA versus sodium bicarbonate; FIG.
19D: guanidinium HCVEDTA versus benzoic acid, and
FIG. 19E: guanidinium HCIEDTA versus sodium ben-
zoate.

[0069] FIG. 20 is a graph showing the prevention of
degradation of protein AF176555 (calpain) in urine by the
ubiquitin-28S proteasome pathway using single agents and
combination agents; with chaotropic agents used at 2 M and
chelators at 0.1 M. The single agents were sodium thiocy-
anate, guanidinium thiocyanate, guanidinium HCI, sodium
perchlorate, and EDTA. The combination agents were
sodium thiocyanate+EDTA, guanidinium thiocyanate+
EDTA, guanidinium HCI+EDTA, sodium perchlorate+
EDTA, and lithium chloride+EDTA.

[0070] FIG. 21 is a graph showing the survival of ubig-
uitin activating enzymes Ubc2 (E-2) and Ubc3 (E-2) in urine
with and without 2M sodium thiocyanate and 0.1 M EDTA.

[0071] FIG. 22 is a graph showing the survival of protein
AF068706 (G2AD) from degradation by the ubiquitin sys-
tem in urine spiked with ubiquitin, activating enzymes E-1,
E-2, E-3, ATP, and 28S proteasome by 2 M sodium thiocy-
anate+0.1 M EDTA compared with frozen controls and
unprotected protein.

[0072] FIG. 23 is a graph showing the survival of Protein
NM__015416 (cervical cancer proto-oncogene protein p40)
from degradation by the ubiquitin system in urine spiked
with ubiquitin, activating enzymes E-1, E-2, E-3, ATP, and
28S proteasome by 2 M sodium thiocyanate+0.1 M EDTA
compared with frozen controls and unprotected protein.

[0073] FIG. 24 is a graph showing the survival of ATP in
urine with and without exposure to 2 M sodium thiocyan-
ate+0.1 M EDTA.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0074] Improved methods, systems and reagents for pre-
serving nucleic acids, e.g., DNA and RNA; proteins; and
small molecules in bodily fluids are disclosed herein. The
small molecules can be, but are not limited to compounds
that can act as pheromones, such as steroids, either free or
complexed with proteins. In one advantageous embodiment,
the invention is may be used for preservation of nucleic
acids, proteins, or small molecules such as steroids in urine.
In another advantageous embodiment, the invention enables
the molecular assay of nucleic acids, proteins, or small
molecules in other bodily fluids and excretions, such as
blood, blood serum, amniotic fluid, spinal fluid, conjunctival
fluid, salivary fluid, vaginal fluid, stool, seminal fluid, and
sweat to be carried out with greater sensitivity, as the
methods and preservatives of the invention have been found
to surprisingly increase the signal obtained with such nucleic
acid testing methods as the polymerase chain reaction
(PCR), LC,, and genetic transformation testing (GTT). In



US 2006/0014214 A1

particular, the invention has also been found to surprisingly
modulate the effect of hemoglobin, e.g., methemoglobin,
interference on nucleic acid assays such as PCR on serum
samples. Additionally, hybridization in such nucleic acid
testing methods is unexpectedly improved. The specification
of U.S. Pat. No. 6,458,546 to Baker is incorporated herein by
this reference.

[0075] Inan embodiment, the invention relates to methods
of preserving a nucleic acid in a fluid such as a bodily fluid,
including providing a nucleic acid preservative solution
comprising an amount of a divalent metal chelator selected
from ethylenediaminetetraacctic acid (EDTA), [ethylenebi-
s(oxyethylenenitrilo)] tetraacetic acid (EGTA) and 1,2-
bis(2-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid
(BAPTA), and salts thereof; and an amount of at least one
chelator enhancing component selected from lithium chlo-
ride, guanidine, sodium salicylate, sodium perchlorate, and
sodium thiocyanate; and adding the nucleic acid preserva-
tive to the fluid, e.g., a bodily fluid. The amount of the
divalent metal chelator is generally in the range of from
about 0.001IM to 0.1M, and the amount of the chelator
enhancing component is generally in the range of from about
0.1M to 2M. The amount of chelator enhancing component
is more desirably at least 1M in the preservative solution,
and the divalent metal chelator is desirably present in an
amount of at least about 0.01M.

[0076] In another embodiment, in which the invention
relates to preserving a protein or a small molecule, such as
a compound acting as a pheromone, the method includes
providing a preservative solution comprising an amount of
a divalent metal chelator selected from ethylenediaminetet-
raacetic acid (EDTA), [ethylenebis(oxyethylenenitrilo)]tet-
raacetic acid (EGTA) and 1,2-bis(2-aminophenoxy)ethane-
N,N,N'N'-tetraacetic acid (BAPTA), and salts thereof; and
an amount of at least one chelator enhancing component
selected from lithium chloride, guanidinium chloride, guani-
dinium thiocyanate, sodium salicylate, sodium perchlorate,
and sodium thiocyanate; and adding the preservative solu-
tion to the fluid, e.g., a bodily fluid. The amount of the
divalent metal chelator is generally in the range of from
about 0.001 M to 2 M, and the amount of the chelator
enhancing component is generally in the range of from about
0.1M to 10 M. The amount of chelator enhancing component
is more desirably at least 1 M in the preservative solution,
and the divalent metal chelator is desirably present in an
amount of at least about 0.01 M, particularly when the
preservation of proteins or small molecules is desired. The
bodily fluid is typically urine, but can be another bodily fluid
as described below. The bodily fluid can be a bodily fluid
from a human subject, or a bodily fluid from a non-human
animal, such as a socially or economically important animal
such as a cow, a goat, a sheep, a pig, a dog, a horse, or a cat,
or an animal that is hunted or tracked, such as a deer, a fox,
abear, a boar, an elk, a moose, or a raccoon. When the bodily
fluid is human, the bodily fluid can have diagnostic or
forensic applications as discussed below.

[0077] In this embodiment of the invention, in which the
invention relates to preserving a protein or a small molecule,
such as a compound acting as a pheromone, the amount of
the divalent metal chelator can be increased so that it is in
the range of from about 0.001 M to about 2 M. Similarly, the
amount of the chelator enhancing component can be
increased so that it is in the range of from about 0.1 M to
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about 10 M. These concentrations can be increased advan-
tageously, because, when the invention relates to preserving
a protein or a small molecule, it is typically unnecessary to
use concentrations of divalent metal chelator and chelator
enhancing component low enough so that there is substan-
tially no interference with a nucleic-acid-hybridization-de-
pendent assay such as PCR. As indicated above, he amount
of chelator enhancing component is more desirably at least
1 M in the preservative solution, and the divalent metal
chelator is desirably present in an amount of at least about
0.01 M, particularly when the preservation of proteins or
small molecules is desired.

[0078] Accordingly, another aspect of the invention is a
preservative composition for preserving a molecule selected
from the group consisting of a protein and a small molecule
comprising;

[0079] (1) an amount of a divalent metal chelator selected
from the group consisting of ethylenediaminetetraacetic acid
(EDTA), (ethylenebis(oxyethylenenitrilo))tetraacetic acid
(EGTA), and 1,2-bis(2-aminophenoxy)ethane-N,N,N',N'-
tetraacetic acid (BAPTA) and salts thereof in the range of
from about 0.001 M to about 2 M; and

[0080] (2) an amount of at least one chelator enhancing
component selected from the group consisting of lithium
chloride, guanidinium chloride, guanidinium thiocyanate,
sodium salicylate, sodium perchlorate, and sodium thiocy-
anate in the range of from about 0.1 M to about 10 M.

[0081] As indicated above, the preservative composition
can further comprise at least one enzyme inactivating com-
ponent selected from the group consisting of manganese
chloride, sarkosyl, and sodium dodecyl sulfate in the range
of up to about 5% molar concentration.

[0082] As also indicated above, the amount of chelator
enhancing component is more desirably at least 1 M in the
preservative solution, and the divalent metal chelator is
desirably present in an amount of at least about 0.01 M in the
preservative solution, particularly when the preservation of
proteins or small molecules is desired.

[0083] Additionally, when the method is used to preserve
a protein, and it is subsequently desired to use the protein for
a purpose, such as an immunoassay, in which the presence
of high concentrations of divalent metal chelator or chelator
enhancing component may be undesirable, the high concen-
trations of divalent metal chelator or chelator enhancing
component can be removed by methods known in the art,
such as equilibrium dialysis against a buffer containing
lower concentrations of divalent metal chelator and chelator
enhancing component or lacking these components. Another
method is removal of the solvent by lyophilization followed
by reconstitution in a desired buffer.

[0084] In another embodiment, the invention relates to
preservative solutions comprising an amount of a divalent
metal chelator selected from EDTA, EGTA and BAPTA, and
salts thereof; and an amount of at least one chelator enhanc-
ing component selected from lithium chloride, guanidinium
chloride, guanidinium thiocyanate, sodium salicylate,
sodium perchlorate, and sodium thiocyanate. Preservative
solutions according to the invention can be formulated to
preserve nucleic acids, proteins, or small molecules such as
steroids. When the preservative solution is formulated to
preserve nucleic acids, the amount of the divalent metal
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chelator is generally in the range of from about 0.001 M to
0.1 M, and the amount of the chelator enhancing component
is generally in the range of from about 0.1 M to 2 M. When
the preservative solution is formulated to preserve nucleic
acids, the amount of chelator enhancing component is more
desirably at least 1 M in the preservative solution, and the
divalent metal chelator is desirably present in an amount of
at least about 0.01 M.

[0085] When the preservative solution is formulated to
preserve proteins or small molecules, the amount of the
divalent metal chelator is generally in the range from about
0.001 M to about 2 M, and the amount of the chelator
enhancing component is generally in the range of from about
0.1 M 1o about 10 M.

[0086] The methods and preservatives of the invention can
further include an amount of at least one enzyme inactivat-
ing component such as manganese chloride, sarkosyl, or
sodium dodecyl sulfate, generally in the range of up to about
5% molar concentration.

[0087] In yet another aspect the invention relates to a
method of improving the signal response of a molecular
assay of a test sample, including providing a preservative
solution comprising an amount of a divalent metal chelator
selected from EDTA, EGTA and BAPTA, and salts thereof;
and an amount of at least one chelator enhancing component
selected from lithium chloride, guanidine, sodium salicylate,
sodium perchlorate, and sodium thiocyanate; adding the
preservative to a test sample to provide a preserved test
sample; extracting molecular analytes of interest, e.g., DNA,
RNA, proteins, or small molecules such as steroids from the
preserved test sample, and conducting a molecular assay on
the extracted molecular analytes of interest. The amount of
the divalent metal chelator is generally as described above:
e.g. in the range of from about 0.001 M to 0.1 M when the
molecular analyte of interest is DNA or RNA, or in the range
of from about 0.001 M to about 2 M when the molecular
analyte of interest is a protein or a small molecule. Similarly,
the amount of the chelator enhancing component is gener-
ally as described above: e.g. in the range of from about 0.1
M to 2 M when the molecular analyte of interest is DNA or
RNA, or in the range of from about 0.1 M to about 10 M
when the molecular analyte of interest is a protein or a small
molecule. The chelator enhancing component is more
advantageously one or more of sodium perchlorate, sodium
thiocyanate, sodium perchlorate, guanidine, and lithium
chloride. The amount of chelator enhancing component is
more desirably at least 1 M in the preservative solution, and
the divalent metal chelator is desirably present in an amount
of at least about 0.01 M. When the molecular analyte of
interest is DNA or RNA, signal response is believed to be
enhanced in part due to enhanced hybridization as a result of
the use of the reagents of the present invention.

[0088] In one aspect, when the methods and preservatives
are used to preserve nucleic acids, use of the methods and
preservatives disclosed herein eliminate enzymatic destruc-
tion of the nucleic acid of interest in the bodily fluid. The
preservative can optionally be provided in solid or gaseous
forms. While the methods and preservatives of the invention
are useful in preserving all types of nucleic acids, e.g., RNA
and DNA, including human DNA, and bacterial, fungal, and
viral DNA, the invention is especially advantageous for use
in preserving prokaryotic DNA, e.g., gonococcal DNA,
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DNA of Haemophilus influenzae and Bacillus subtilis.
Nucleic acids in a bodily fluid are preserved for testing for
a significantly longer period of time than that permitted by
the prior art. While the maximum time between collecting,
mailing, and testing patient specimens is expected to be
approximately six days, the invention is effective beyond
that period of time.

[0089] The preservatives of the invention may be used
advantageously to preserve prokaryotic, e.g., gonococcal
DNA, as shown below, although the teachings of the inven-
tion may be readily applied to the preservation of other types
of DNA, including human, bacterial, fungal, and viral DNA,
as well as to RNA. The reagents of the invention are
believed to function by inactivating two classes of enzymes
present in bodily fluids such as blood or urine which the
inventor has recognized as destructive to DNA integrity,
metal-dependent and metal independent enzymes. The diva-
lent metal chelator removes, €.g., magnesium and calcium
cation (Mg*?, Ca™) so as to effectively inactivate metal
dependent enzymes such as deoxyribonucleases, a compo-
nent of which has been found to inactivate gonococcal DNA
in unpreserved urine. The divalent metal chelator may be
ethylenediaminetetraacetic acid (EDTA), [ethylenebis(oxy-
ethylenenitrilo) Jtetraacetic acid (EGTA), or 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N',N'-tetraacetic acid (BAPTA), or
salts thereof. The amount of the divalent metal chelator is
generally in the range of from about 0.001M to 0.1M when
preservative solutions according to the present invention are
used to preserve nucleic acids. More desirably, the amount
of the divalent metal chelator in the preservative solution is
at least 0.01M.

[0090] The second component of the reagents disclosed
herein include a chelator enhancing component which
assists the divalent metal chelator in protecting the nucleic
acids in the fluid. These chelator enhancing components are
believed to inactivate metal independent enzymes found in
bodily fluids such as DNA ligases, ¢.g., D4 DNA ligase;
DNA polymerases, e.g., T7 DNA polymerase; exonucleases,
¢.g., exonuclease 2, h-exonuclease; kinases, e.g., T4 poly-
nucleotide kinase; phosphatases, e.g., BAP and CIP phos-
phatase; nucleases, e.g., BL31 nuclease, and XO nuclease;
and RNA-modifying enzymes such as E coli RNA poly-
merase, SP6, T7, T3 RNA polymerase, and T4 RNA ligase.
Lithium chloride, guanidinium chloride, guanidinium thio-
cyanate, sodium salicylate, sodium perchlorate, and sodium
thiocyanate have been found to be particularly effective. The
amount of the chelator enhancing component is generally in
the range of from about 0.1 M to 2 M when preservative
solutions according to the present invention are used to
preserve nucleic acids. More desirably the amount of chela-
tor enhancing component in the preservative solution is at
least 1 M.

[0091] The methods and preservatives of the invention
have been found to surprisingly increase the signal obtained
with such nucleic acid testing methods as the polymerase
chain reaction (PCR), LC,, and genetic transformation test-
ing (GTT). The invention has been found to surprisingly and
unexpectedly enhance hybridization in such nucleic acid
testing methods such as the PCR. FIG. 12 illustrates the
improvement in hybridization obtained by use of a preser-
vative disclosed herein on the hybridization of penicillinase-
producing Neisseria gonorrheae (PPNG) DNA and
PPNG-C probe.
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[0092] A further aspect of the invention relates to methods
of improving hybridization of nucleic acids, including con-
tacting a test nucleic acid with a nucleic acid preservative
solution comprising an amount of a divalent metal chelator
selected from ethylenediaminetetraacetic acid (EDTA), eth-
ylenebis(oxyethylenenitrilo)]tetraacetic acid (EGTA) and
1,2-bis(2-aminophenoxy)ethane-N,N,N',N'-tetraacetic  acid
(BAPTA), or salts thereof in the range of from about 0.001
M to 0.1 M; and an amount of at least one chelator
enhancing component selected from lithium chloride, guani-
dinium chloride, guanidinium thiocyanate, sodium salicy-
late, sodium perchlorate, and sodium thiocyanate in the
range of from about 0.1 M to 2 M, such that a test solution
is formed; and contacting the test solution with a target
nucleic acid under conditions favorable for hybridization,
such that hybridization occurs.

[0093] FIGS. 13 and 14 further illustrate the efficacy of
the methods and preservatives of the invention in improving
the results obtained with nucleic acid testing methods, in this
case, a branched DNA (bDNA) assay (Chiron). In the tests
run in FIG. 13, the bDNA assay was used to assess the
protective effect of the DNA/RNA protect reagents. DNA
sequences from the hepatitis C virus were spiked into serum
and plasma. The protected serum and plasma were mixed
with 9 ml of serum or plasma and 1 ml of preservative. The
following formulations were used: 1) 1 M guanidine HCl/
0.01 M EDTA, 2) 1 M sodium perchlorate/0.01 M BAPTA,
3) 1 M sodium thiocyanate/0.01 M EGTA, and 4) 1 M
lithium chloride/0.01 M EGTA. The formulations were
stored for seven days at 4° C. The bDNA assay relies on
hybridization; it can clearly be seen from the absorbance
results that the target sequences were not only protected
against degradation, but the more than doubling of the
absorbance results indicates an enhancement of hybridiza-
tion/annealing of the target sequences.

[0094] FIG. 14 illustrates a serum versus plasma study in
which 50 ul samples of fresh human plasma, and 1 ml
samples of fresh human serum were protected with 1 M
guanidine HC1/0.01 M EDTA and the bDNA assay was run
on these samples after the samples were stored at 20° C. for
48 hours. Results were compared to unprotected samples. It
can clearly be seen from the absorbance results that the
target sequences were not only protected against degrada-
tion, but the more than doubling of the absorbance results
indicates an enhancement of hybridization/annealing of the
target sequences.

[0095] The preservative reagents of the invention have
also surprisingly been found to remove the interference with
heme compounds, ¢.g., methemoglobin, on PCR assays run
on blood serum. FIGS. 15 and 16 illustrate the improve-
ment obtained by use of the preservatives disclosed herein.
Increasing amounts of methemoglobin were spiked into
unprotected fresh human serum, to a concentration of 10
dl/ml. Serial PCR assays were run over a four hour period.

[0096] FIG. 17 illustrates the surprising and synergistic
effect obtained by the combination of divalent metal chela-
tors and chelator enhancing components in the inventive
reagent (i.e., 1 M sodium perchlorate/0.01 M EGTA) in
protecting hepatitis B sequences in serum stored at room
temperature and subsequently subjected to MD03/06 PCR
detection. The protocol run was as above (i.e., as illustrated
in FIG. 16). It can be seen from the figures that compared
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to the addition of EGTA or sodium perchlorate individually,
but protection of Hep B sequences is dramatically increased
when preservative solutions of the present invention are
used.

[0097] FIG. 18 illustrates the relatively weak preservative
effect on gonococcal DNA in urine stored at room tempera-
ture and subsequently subjected to PCR detection offered by
the individual addition of components of the reagents of the
present invention, ie., divalent metal chelators 0.01 M
BAPTA (18A), 0.01 M EDTA (18B), 0.01 M EGTA (18C);
and chelator enhancing components 1 M sodium perchlorate
(18D), 1 M salicylic acid (18E), 1 M guanidine HCI (18F),
1 M sodium thiocyanate (18G), and 1 M lithium chloride
(18H). The number of transformants in ten types of urine
specimens were tested using a GTT, counted hourly, and
then summarized. The standard Gonostat protocol (sce
Example 2, infra) was employed and illustrated the syner-
gistic effect obtained by the combination of divalent metal
chelators and chelator enhancing components in protecting
gonococcal DNA in urine stored at room temperature and
subsequently subjected to PCR detection.

[0098] Another embodiment of the invention, a method 10
for preserving DNA, is illustrated diagrammatically in FIG.
11. This embodiment uses an exemplary protocol to preserve
and test the urine specimens. The protocol is described in
Table 1, below. This system produces high yields of DNA/
RNA suitable for such testing methods as PCR, restriction
fragment length polymorphisms assay (RFLP), and nucleic
acid probes from urine specimens.

TABLE 1

1. 10 ml of clean catch urine 16 is added to a specimen test tube 18
containing divalent metal chelator 12 and chelator enhancing component
14. Test tube is inverted two or three times to mix the urine.

2. Test tube is transported to laboratory. No refrigeration is necessary.
Note: The test tube should be stored in a cool place and not in direct
sunlight.

3. At the laboratory, the test tube is centrifuged 20 at 3200 rpm for 10
minutes.

4. Using a sterile transfer pipette, the pellet 22 at the bottom of the test
tube is transferred to another test tube containing buffer 24. (As little
urine as possible should be transferred with the pellet material.)

5. The buffered material is stored 26 at between 2-8° C. until ready

to test 28.

6. The specimen size necessary to run the assay-needs to be validated on
the individual test methodology and individual testing protocol being used.

[0099] When the molecule to be preserved is a small
molecule, it can be a steroid, such as a steroid with phero-
mone activity. An example of a steroid with pheromone
activity is androsterone. The molecule to be preserved can
also be another steroid, such as testosterone or a synthetic
(“designer”) steroid such as tetrahydrogestrinone, dehydro-
chlortestosterone,  metandienone,  methyltestosterone,
androlone, oxandrolone, oxymetholone, or stanozolol, as
well as their analogues, precursors, and metabolites. With
the increasing concern about the illegal and dangerous use of
anabolic steroids among athletes, both amateur and profes-
sional, and the consequently increasing use of urine tests to
detect such use, there is a need for a reliable method of
preserving steroids in urine samples for later testing, sup-
plied by methods and compositions according to the present
invention.

[0100] When the molecule to be preserved is a protein, it
can be a protein with any of a variety of biological activities,
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such as an enzyme, an antibody, a receptor protein, a
regulatory protein, a membrane protein, or a structural
protein. The protein can be monomeric or multimeric. If the
protein is multimeric, methods and compositions according
to the present invention are effective in preserving its
quaternary structure; that is, the specific interaction between
the subunits that is required 1o preserve the activity of the
protein. In many cases, the protein is protected from deg-
radation by way of the ubiquitin system.

[0101] When the molecule to be preserved is a protein, it
can be a protein that is normally degraded by the ubiquitin
system, degradation that catalyzed by activating enzymes
E-1, E-2, E-3 in the presence of ATP and the 28S protea-
some.

[0102] The biological fluid in which the nucleic acid,
protein, or small molecule is to be preserved can be, but is
not limited to, urine, blood, serum, plasma, amniotic fluid,
cerebrospinal fluid, seminal fluid, vaginal fluid, stool, con-
junctival fluid, salivary fluid, or sweat. Typically, the bio-
logical fluid is urine.

[0103] Accordingly, another aspect of the invention is a kit
comprising: (1) a preservative composition according to the
present invention; (2) a vessel for collecting a biological
fluid in which a nucleic acid, protein, or small molecule is
to be preserved; and (3) instructions for use. The vessel can
contain the preservative composition ready for use; alterna-
tively, the preservative composition can be packaged sepa-
rately from the vessel. The preservative composition is as
described above; when the molecule to be preserved is a
protein or a small molecule, such as a steroid, higher
concentrations of divalent metal chelator and chelator
enhancing component can be employed.

[0104] Kits according to the present invention, as
described above, can be used for testing or screening pur-
poses. When such kits are used for testing or screening
purposes, such kits can further comprise at least one sample
containing the molecule to be preserved at a known con-
centration in the preservative composition. This sample can
be used as a standard or a control in later testing, such as
testing of human urine to determine the concentration of
testosterone. The kit can include multiple samples contain-
ing the molecule to be preserved at a range of known
concentrations, so that a standard curve can be run.

[0105] Another embodiment of the present invention is a
composition comprising: (1) animal urine; and (2) a preser-
vative composition of the present invention, such that the
animal urine contains a pheromone in sufficient quantity to
act as an attractant to an animal of the same species as the
animal from which the animal urine comes. Typically, the
animal urine is from an animal that is hunted, such as a deer
(mule deer, whitetail deer, or other deer), a fox, a bear, a
boar, an elk, a moose, or a raccoon. The pheromone can be
a steroid, such as androsterone, but compositions of the
invention are not limited to the preservation of steroids. In
this embodiment of the invention, when a pheromone is
preserved, higher concentrations of divalent metal chelator
and chelator enhancing component are typically employed
for maximum preservation of pheromone concentration.

[0106] Accordingly, another aspect of the invention is a
method of preserving pheromone activity of an animal urine
comprising the steps of: (1) providing a fresh animal urine
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containing pheromone activity; and (2) adding the fresh
animal urine to a preservative composition of the present
invention to preserve the pheromone activity at a level such
that the urine containing the preservative composition acts
as an attractant to an animal of the same species as the
animal from which the animal urine comes.

[0107] The role of pheromones is described, for example.,
in B. Rasmussen, “Why Musth Elephants Use Pheromones,
Biologist 50: 195-196 (2003); R. Hudson, “Back to Basics:
Expressive Behaviour,” at http://www.deer.rr.ualberta.ca/li-
brary/backtobasics/bbcommunication.htm; M. V. Novotny
etal., “A Unique Urinary Constituent, 6-Hydroxy-6-Methyl-
3-Heptanone, Is a Pheromone That Accelerates Puberty in
Female Mice,”Chem. Biol. 6: 377-383 (1999); and “Phero-
mones: The Chemical Signals for Attraction,” at http://
is2.dal.ca/~keollin2/pheromones.html, all of which are
incorporated herein by this reference.

[0108] Yet another aspect of the invention is a preserved
fluid comprising:

[0109] (1) a preservative composition for preserving a
molecule selected from a protein and a small molecule
comprising;

[0110] (a) an amount of a divalent metal chelator
selected from the group consisting of ethylenediamine-
tetraacetic acid (EDTA), (ethylenebis(oxyethyleneni-
trilo))tetraacetic acid (EGTA), and 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N',N'-tetraacetic acid
(BAPTA) and salts thereof in the range of from about
0.001 M to about 2 M; and

[0111] (b) an amount of at least one chelator enhancing
component selected from the group consisting of
lithium chloride, guanidinium chloride, guanidinium
thiocyanate, sodium salicylate, sodium perchlorate, and
sodium thiocyanate in the range of from about 0.1 M to
about 10 M; and

[0112] (2) a bodily fluid from a human or non-human
subject.

[0113] The preservative composition is as described
above. The bodily fluid is typically urine, but can be another
bodily fluid. As described above, the bodily fluid can have
a human or non-human source.

[0114] The invention is illustrated by the following
Examples. These Examples are included for illustrative
purposes only, and are not intended to limit the invention.

EXAMPLES

Example 1

[0115] FIG. 5 is a bar graph of DNA concentration in
preserved urine in accordance with the invention. The num-
ber of transformants in ten types of urine specimens were
tested using a GTT, counted hourly, and then summarized.
The standard Gonostat protocol (see Example 2, infra) was
emploved, and the preservative used was 1 M guanidine
HC1/0.01 M EDTA. A count of two hundred colonies dem-
onstrates total preservation of a specimen. The number of
gonococcal transformants in the preserved urine remained
relatively constant approaching two hundred, throughout the
four hours of the test. No significant difference in level of
preservation was observed among the different types of
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urine specimens. Therefore, it can be seen that the invention
provides nearly total protection for DNA in urine.

Example 2

[0116] FIG. 6 is a graph of eight day GTT serial data on
preserved urine according to the invention. 1 pg of gono-
coccal DNA was spiked into 9 ml of fresh human urine and
1 ml of aqueous preservative containing 1 M sodium per-
chlorate and 0.01 M EGTA. 300 ul was spotted onto a lawn
of the Gonostat organism at 24 hour intervals for eight days.
The plates contained BBL Chocolate II agar and were
incubated at 37° C. for 24 hours before readings were taken.
The number of colonies observed throughout the eight-day
testing period ranged from a low count of one hundred
eighty-eight to a high count of one hundred ninety-seven.
Thus, it can be seen that the invention preserves DNA in
urine for a significantly longer period of time than previ-
ously provided.

Example 3

[0117] FIG. 7 is a graph comparing PCR results in unpre-
served and preserved normal urine according to the inven-
tion. AMOMP template to Chlamydia trachomatis was used
and amplified using a standard PCR protocol. 200 copies of
the MOMP target were spiked into 9 ml of fresh human urine
containing 1 M sodium perchlorate and 0.01 M BAPTA.
PCR was done each hour for eight hours total. In the
unprotected urine, approximately three PCR absorbances
were measured one hour after the addition of DNA to the
urine. The number of PCR absorbances approached zero by
the sixth hour. By contrast, in the preserved specimen, in
excess of three PCR absorbances were measured at the one
hour testing. However, approximately three PCR absor-
bances were still observed by the sixth hour. Therefore, the
invention preserves sufficient DNA and nucleic acid
sequences to permit PCR testing well beyond the testing
limits of unpreserved urine. The results shown in the Figure
are consistent for all types of DNA in a urine specimen.

Example 4

[0118] The reagents and methods of the invention may be
used for preserving other bodily fluids and excretions, such
as blood serum. FIG. 8 is a graph of eight day serial data on
preserved serum according to the invention. The protocol
used was similar to Example 3, except fresh human serum
was used. The number of transformant colonies observed
throughout the eight-day testing period ranged from a high
count of one hundred ten at the one day measurement to a
low count of approximately ninety-two at the seven day
measurement. In fact, the test results actually showed an
increase in transformant colonies between days seven and
eight. Thus, it can be seen that the invention preserves DNA
in serum for a significantly longer period of time than
previously attainable.

Example 5

[0119] FIG. 9 is a graph of DNA concentration in pre-
served serum according to the invention. The serum was
preserved with preservative solution comprising 1 M guani-
dine HC1/0.01 M EDTA. The protocol used was similar to
Example 3, except fresh human serum was used, and the
duration time of the study was ten hours. In excess of 120
transformants were measured at the time gonococcal DNA
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was added to the serum. Approximately 100 transformants
were counted at the six hour measurement. However, by the
tenth hour, testing indicated that the concentration of bio-
logically active DNA in the preserved serum had increased
to approximately 110 transformant colonies.

Example 6

Preservation of DNA in Simulated Clinical
Specimens

[0120] In the following experiment, simulated clinical
urine specimens were produced and tested for the presence
of gonococcal DNA. The chemicals listed in Table 2, below,
were added, at the concentrations previously described, to
urine specimens from healthy adults, as was EDTA.

[0121] A suspension of gonococci was immediately added
to each urine specimen. The added gonococci were an
ordinary strain of N. gonorrheae, 49191, which was grown
overnight on GC agar medium at 37° C. in a 5% CO,
atmosphere. The N. gonorrheae colonies were picked and
suspended in GC buffer. A 1/10 volume of a suspension
containing approximately 10 Colony forming units (cfu) per
ml was added to the urine. As a positive control, the
suspension of gonococei was also added to Hepes buffer.

[0122] All simulated clinical specimens and the Hepes
controls were tested at time zero, i.e., when the chemicals
and gonococci were added. The specimens and controls
were also tested after storage at room temperature for six
days. This six day period was selected to approximate the
maximum time expected between collecting, mailing, and
testing patient specimens.

[0123] With the exception of urine samples containing
SDS and sarkosyl, the simulated specimens and Hepes
controls were processed as follows:

[0124] 1.A10ml quantity was centrifuged at 4000 rpm for
30 minutes.

[0125] 2. The supernatant was decanted, and the pellet was
suspended in 1 ml phosphate buffer.

[0126] 3. The suspension was heated for 10 minutes in a
water bath at 60° C.

[0127] 4. After cooling, the suspension was used in the
GTT.

[0128] The simulated urine specimens containing SDS-
EDTA or sarkosyl-EDTA were processed as follows:

[0129] 1. Approximately a 2% volume (approximately 25
ml) of 95% ethyl alcohol was added to the tube with the
urine and preservative. The contents were mixed by invert-
ing the tube several times.

[0130] 2. The mixture was centrifuged at 4000 rpm for 30
minuies.

[0131] 3. The pellet was suspended in 10 ml of 70%
alcohol and centrifuged.

[0132] 4. The pellet was then suspended in 1 ml phosphate
buffer.

[0133] 5. The suspension was heated for 10 minutes in a
water bath at 60° C.
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[0134] 6. After cooling, the suspension was used in the
GTT.

[0135] The inoculated urine was stored at room tempera-
ture for 6 days prior to testing. The formulations that
preserved (+) or did not preserve (-) gonococcal DNAin the
inoculated urine for six days to approximately the same
degree as in the Hepes buffer control are indicated. Although
the results of the Gonostat™ assay can be semi-quantitated,
the tests were not designed to rank the relative efficacy of the
chemical preservatives. Thus, the results given in Table 2
indicate whether or not the particular chemical preserved
DNA in urine over a six day period to same degree as in the
Hepes buffer.

TABLE 2

Preservative

Compositions Having Preservative Effect

0.01 M EDTA + 1 M Guanidinium Hydrochloride
0.01 M EDTA + 1 M Guanidinium Thiocyanate
0.01 M EDTA + 1 M Lithium Chloride

0.01 M EDTA + 1 M Manganese Chloride

0.01 M EDTA + 1% Sarkosyl

0.01 M EDTA + 1% Sodium Dodecyl Sulfate
0.01 M EDTA + 1 M Sodium Perchiorate

0.01 M EDTA + 1 M Sodium Salicylate

0.01 M EDTA + 1 M Sodium Thiocyanate
Compositions Having No Preservative Effect

1 M Sodium Periodate
1 M Trichioroacetic Acid
IM Urea

[0136] The 92% sensitivity exhibited with male urine
specimens is comparable to the culture results reported in
the literature. In addition, the 88% sensitivity exhibited with
female urine specimens exceeds the previously-reported
levels.

[0137] While a preferred embodiment of the invention is
directed to the preservation of gonococcal DNA, it will be
readily apparent to one skilled in the art that the invention is
adaptable for use in preserving other types of DNA, such as
that of Haemophilus influenzae and Bacillus subtilis. The
invention can also be used to preserve RNA contained in
bodily fluid samples. Such preserved RNA can be used for
RNA transcriptase and reverse transcriptase assays for viral
segments and human gene sequence testing. Additionally,
the invention can be used to preserve proteins contained in
bodily fluid samples, such as for immunological assays
using suitable antibodies.

[0138] Furthermore, although in the preferred embodi-
ment the preservatives are added to a bodily fluid, e.g., a
urine specimen, the urine specimen can also be added to the
preservatives without detriment to the efficacy of the inven-
tion. Optimal preservation of the DNA is typically and
conveniently achieved by adding a single reagent of the
invention to the specimen.

Example 7

PCR Detection of Penicillinase-producing Neisseria
gonormheae

[0139] The PCR signal-enhancing effect of the preserva-
tive reagents of the disclosure is demonstrated by the
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following example. Four varieties of TEM-encoding plas-
mids are found in PPNG. These are the 6.7 kb (4.4 Mda)
Asian type, the 5.1 kb (3.2 Mda) African type, the 4.9 kb
(3.05-Mda) Toronto type and the 4.8 kb (2.9-Mda) Rio Type.
This PCR assay for PPNG takes advantage of the fact that
the TEM-1 gene is located close to the end of the transposon
Tn2; by the use of one primer in the TEM-1 gene and the
other in a sequence beyond the end of Tn2, and common to
all four plasmids, a PCR product only from plasmids and not
from TEM-1 encoding plasmids was obtained. (Table 3,
below) The conditions associated with this protocol were
modified to include the DNA/RNA protect reagent in the
hybridization and the treated probe was mixed with the
761-bp amplification product per standard PCR protocol.
The results were read as absorbance at 450 nanometers.

[0140] Materials and Reagents
[0141] BBL chocolate 11 agar plates

[0142] Sterile Tris Buffer 10 mM Tris (pH 7.4), 1 mM
EDTA

[0143]
[0144]
[0145] Aerosol-resistant tips

[0146] PCR master mix: 50 mM KCI, 2 mM MgCl,, 50
1M each of deoxyribonucleoside

0.5-ml Gene Amp reaction tubes
Sterile disposable pasteur pipette tips

[0147] triphosphate; 2.5 U of taq Polymerase (Perkin
Elmer); 5% glycerol, 50 pmol each of

[0148] primers PPNG-L and PNG-R (per 100 ul reaction)

[0149] Denaturation solution: 1 M Na 5xDenhardtxs solu-
tion

[0150] Prehybridization Solution:5xSSC(1xSSC is 0.015
M NaCl plus 0.015 M sodium citrate);

[0151]
[0152]
[0153]
[0154
[0155

[0156] Same as prehybridization solution but without
Denhardt’s solution and including 200 #l of DNA/RNA
protect reagent 1.

[0157] 1 ml DNA/RNA preservative (1 M guanidine HCl/
0.01 M EDTA)

[0158] Avidin-HRP peroxidase complex (Zymed)

5xDenhardt’s solution;

0.05% SDS;

0.1% sodium pyrophosphate, and
] 100 ug of sonicated salmon sperm DNA per ml.
]

Hybridization Solution

[0159] Magnetic microparticles (Seradyne)

TABLE 3
FunctionName Nucleotide Secuence 5' to 3'
Primer PPNG-L AGT TAT CTA GAG GAG GG

(SEQ ID No: 1)

PPNG-B GGC GTA CTA TTC ACT CT
(SEQ ID NO: 2)

Primer
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TABLE 3-continued

Function Name Nucleotide Secuence 5' to 3'

Probe PPNG-C GCG TCA GAG CCC TAT GTA TAA ACT C

(SEQ ID NO: 3)

[0160]

[0161] Sample preparation: 2 colonies were picked from a
chocolate agar plate. Colonies were suspended in DI water
just prior to setting up PCR. The master mix was prepared
according to the recipe above. 5 ul of the freshly prepared
bacterial suspension was added to 95 ul of master mix. The
DNA was liberated and denatured in a thermocycler using
three cycles of 3 min at 94° C. and 3 min at 55° C. The DNA
was amplified in the thermal cycler by using a two step
profile: a 25 s denaturation at 95° C. and a 25 s annealing at
55° C. for a total of thirty cycles. The time was set between
the two temperature plateaus to enable the fastest possible
annealing between the two temperatures. 15 pmol of labeled
(avidin-HRP complex) detection probe PPNG-C was added
to the hybridization solution bound to magnetic micro
particles with and without the preservative reagent at 37° C.
for 1 hour. The control and treated probes were then added
to the amplification product and the reaction was colori-
metrically detected by absorbance at 450 nm. The signal
obtained from the hybridization probes treated with a
reagent of the invention was found to be significantly higher
than the untreated probes.

Methods

Example 8

Preservation of Androsterone in Human Urine

[0162] The formulation described above (1 M guani-
dinium HCI/0.01 M EDTA) was tested to determine its
effectiveness in preserving the swine pheromone androster-
one, a steroid, added to human urine. Human urine was used
as a base, with the swine pheromone androsterone added to
the solution. Solutions were prepared using the following
preservatives: (1) 1 M guanidinium HC1/0.01 M EDTA; (2)
potassium acid phosphate; (3) boric acid; (4) sodium bicar-
bonate; (5) benzoic acid; and (6) sodium benzoate. One
portion of each of the six preservative solutions with the
androsterone-spiked urine was kept at 8° C. and one portion
was kept at 30° C. The solutions were maintained and tested
monthly over a 12-month period. Testing was done by
turbidity testing of antibody concentration using a spectro-
photometer. The results are shown in the five comparison
graphs as follows: FIG. 19A: guanidinium HCI/EDTA
(“Gu/HCI/EDTA”) versus potassium acid phosphate; FIG.
19B: guanidinium HCI/EDTA versus boric acid; FIG. 19C:
guanidinium HCI/EDTA versus sodium bicarbonate; FIG.
19D: guanidinium HCIEDTA versus benzoic acid; and
FIG. 19E: guanidinium HCI/EDTA versus sodium ben-
zoate.

[0163] To summarize, the guanidinium HC/EDTA solu-
tion preserved the androsterone molecules at or near the
100% level through four months, and over the next eight
months maintained the androsterone levels at above 80% of
the original concentration. Of the other preservatives, only
one maintained androsterone concentration levels as high at
80% after even one month; none of the others maintained as
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much as a 20% concentration after two months, and all of the
concentrations, other than the guanidinium HCI/EDTA test
solution, were reduced to 0% by the third months.

[0164] Thus, the guanidinium HCI/EDTA solution pre-
served the steroid androsterone in urine over an extended
period of time.

Example 10

Preservation of Proteins in Urine

[0165] FIG. 20 shows the prevention of degradation of
protein AF176555 (calpain) in urine by the ubiquitin-28S
proteasome pathway using single agents and combination
agents; with chaotropic agents used at 2 M and chelators at
0.1 M. The single agents were sodium thiocyanate, guani-
dinium thiocyanate, guanidinium HCl, sodium perchlorate,
and EDTA. The combination agents were sodium thiocyan-
ate+EDTA, guanidinium thiocyanate+4EDTA, guanidinium
HCI+EDTA, sodium perchlorate+EDTA, and lithium chlo-
ride+EDTA. The results shown in FIG. 20 show that the
combination agents were substantially effective in prevent-
ing the degradation of calpain over 6 hours in urine; the
single agents were substantially ineffective, with degrada-
tion occurring by 2 hours in most instances.

[0166] For the results in FIGS. 20-23, the proteins were
quantitated by attaching appropriate PCR primers o seg-
ments of the protein so that PCR amplification would only
occur on undegraded proteins, then performing PCR and
quantitating the amount of amplification by absorbance. For
the results in FIG. 24, the ATP was quantitated by immu-
noassay.

[0167] FIG. 21 shows the survival of ubiquitin activating
enzymes Ubc2 (E-2) and Ubc3 (E-2) in urine with and
without 2M sodium thiocyanate and 0.1 M EDTA. The
ubiquitin-activating enzymes survived for a longer period of
time without the sodium thiocyanate-EDTA. These results
are consistent with protection of proteins that would nor-
mally be degraded by the ubiquitin system from degradation
by the combination of sodium thiocyanate and EDTA.

[0168] FIG. 22 similarly shows the survival of protein
AF068706 (G2AD) from degradation by the ubiquitin sys-
tem in urine spiked with ubiquitin, activating enzymes E-1,
E-2, E-3, ATP, and 28S proteasome by 2 M sodium thiocy-
anate+0.1 M EDTA compared with frozen controls and
unprotected protein. The unprotected protein was degraded
rapidly, while the protein protected with 2 M sodium thio-
cyanate and EDTA was protected nearly as well as frozen
controls.

[0169] FIG. 23 similarly shows the survival of Protein
NM__015416 (cervical cancer proto-oncogene protein p40)
from degradation by the ubiquitin system in urine spiked
with ubiquitin, activating enzymes E-1, E-2, E-3, ATP, and
28S proteasome by 2 M sodium thiocyanate+0.1 M EDTA
compared with frozen controls and unprotected protein. The
unprotected protein was degraded rapidly, while the protein
protected with 2 M sodium thiocyanate and EDTA was
protected nearly as well as frozen controls.

[0170] FIG. 24 shows the survival of ATP in urine with
and without exposure to 2 M sodium thiocyanate+0.1 M
EDTA. ATP is degraded more rapidly in the presence of the
2 M thiocyanate and 0.1 M EDTA. Because ATP is involved
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in the degradation of proteins via the ubiquitin pathway, this
result is consistent with the protection of proteins from
degradation by the ubiquitin pathway by these reagents.

ADVANTAGES OF THE INVENTION

[0171] The present invention provides compositions and
methods that provide efficient preservation of nucleic acids,
including DNA and RNA, proteins, including proteins sub-
ject to degradation by the ubiquitin system, and small
molecules, including steroids, in bodily fluids. The proteins
and small molecules are available for participation in spe-
cific reactions, including antigen-antibody reactions, enzy-
matic reactions, and receptor-binding reactions. These com-
positions and methods are useful in many applications,
including diagnostic and forensic applications. They are also
useful for providing a source of animal pheromones for
hunters and fishermen.

[0172] The inventions illustratively described herein can
suitably be practiced in the absence of any element or
elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms “comprising,”“includ-
ing,”“containing,” etc. shall be read expansively and without
limitation. Additionally, the terms and expressions
employed herein have been used as terms of description and
not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the
future shown and described or any portion thereof, and it is
recognized that various modifications are possible within the
scope of the invention claimed. Thus, it should be under-
stood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional
features, modification and variation of the inventions herein
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disclosed can be resorted by those skilled in the art, and that
such modifications and variations are considered to be
within the scope of the inventions disclosed herein. The
inventions have been described broadly and generically
herein. Each of the narrower species and subgeneric group-
ings falling within the scope of the generic disclosure also
form part of these inventions. This includes the generic
description of each invention with a proviso or negative
limitation removing any subject matter from the genus,
regardless of whether or not the excised materials specifi-
cally resided therein.

[0173] In addition, where features or aspects of an inven-
tion are described in terms of the Markush group, those
schooled in the art will recognize that the invention is also
thereby described in terms of any individual member or
subgroup of members of the Markush group. It is also to be
understood that the above description is intended to be
illustrative and not restrictive. When a range of numerical
values, such as concentrations, is recited in the specification
and claims, such a range is deemed to include any possible
value within the range unless specifically excluded. There-
fore, a recitation of about 0.001 M to about 2 M is deemed
to include, for example, 0.002 M, 0.003 M, and so on to the
precision of measurement possible in the system. Many
embodiments will be apparent to those of in the art upon
reviewing the above description. The scope of the invention
should therefore, be determined not with reference to the
above description, but should instead be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. The dis-
closures of all articles and references, including patent
publications, are incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Artificial Sequence (primer)

<400> SEQUENCE: 1

agttatctac acgacgc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Artificial Sequence (primer)

<400> SEQUENCE: 2

ggcgtactat tcactet

<210> SEQ ID NO 3

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

17

17
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—continued

<223> OTHER INFORMATION: Artificial Sequence (primer)
<400> SEQUENCE: 3

gcgtcagace cctatctata aactce

25

[ claim:

1. A method of preserving a molecule selected from the
group consisting of a protein and a small molecule in a
bodily fluid, comprising the steps of:

() providing a preservative solution comprising:

(1) an amount of a divalent metal chelator selected from
the group consisting of ethylenediaminetetraacetic
acid (EDTA), (ethylenebis(oxyethyleneni-
trilo))tetraacetic acid (EGTA), and 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N',N'-tetraacetic acid
(BAPTA) and salts thereof in the range of from about
0.001 M to about 2 M; and

(i) an amount of at least one chelator enhancing
component selected from the group consisting of
lithium chloride, guanidinium chloride, guanidinium
thiocyanate, sodium salicylate, sodium perchlorate,
and sodium thiocyanate in the range of from about
0.1 M to about 10 M; and

(b) adding the preservative solution to the bodily fluid,

thus preserving the molecule.

2. The method of claim 1 wherein the molecule is a
protein.

3. The method of claim 2 wherein the protein is selected
from the group consisting of enzymes, antibodies, receptor
proteins, regulatory proteins, membrane proteins, and struc-
tural proteins.

4. The method of claim 2 wherein the protein is protected
from degradation by the ubiquitin system.

5. The method of claim 1 wherein the molecule is a small
molecule.

6. The method of claim 5 wherein the small molecule is
a steroid.

7. The method of claim 6 wherein the steroid is selected
from the group consisting of androsterone, testosterone,
tetrahydrogestrinone, dehydrochlortestosterone, metandi-
enone, methyltestosterone, androlone, oxandrolone,
oxymetholone, stanozolol, and their analogues, precursors,
and metabolites.

8. The method of claim 1 wherein the bodily fluid is
selected from the group consisting of urine, blood, serum,
plasma, amniotic fluid, cerebrospinal fluid, seminal fluid,
vaginal fluid, stool, conjunctival fluid, salivary fluid, and
sweat.

9. The method of claim 1 wherein the bodily fluid is urine.

10. The method of claim 1 wherein the preservative
composition further includes at least one enzyme inactivat-
ing component selected from the group consisting of man-
ganese chloride, sarkosyl, and sodium dodecyl sulfate in the
range of up to about 5% molar concentration.

11. The method of claim 1 wherein the concentration of
divalent metal chelator is at least 0.01 M and the concen-
tration of chelator enhancing component is at least 1.0 M in
the preservative solution.

12. A preservative composition for preserving a molecule
selected from a protein and a small molecule comprising:

() an amount of a divalent metal chelator selected from
the group consisting of ethylenediaminetetraacetic acid
(EDTA), (ethylenebis(oxyethylenenitrilo))tetraacetic
acid (EGTA), and 1,2-bis(2-aminophenoxy)ethane-N,
N,N',N'-tetraacetic acid (BAPTA) and salts thereof in
the range of from about 0.001 M to about 2 M; and

(b) an amount of at least one chelator enhancing compo-
nent selected from the group consisting of lithium
chloride, guanidinium chloride, guanidinium thiocyan-
ate, sodium salicylate, sodium perchlorate, and sodium
thiocyanate in the range of from about 0.1 M to about
10 M.

13. The preservative composition of claim 12 further
comprising at least one enzyme inactivating component
selected from the group consisting of manganese chloride,
sarkosyl, and sodium dodecyl sulfate in the range of up to
about 5% molar concentration.

14. The preservative composition of claim 12 wherein the
molecule to be preserved is a protein.

15. The preservative composition of claim 12 wherein the
molecule to be preserved is a small molecule.

16. The preservative composition of claim 15 wherein the
molecule to be preserved has pheromone activity.

17. The preservative composition of claim 12 further
comprising at least one enzyme inactivating component
selected from the group consisting of manganese chloride,
sarkosyl, and sodium dodecyl sulfate in the range of up to
about 5% molar concentration.

18. The preservative composition of claim 12 wherein the
concentration of divalent metal chelator is at least 0.01 M
and the concentration of chelator enhancing component is at
least 1.0 M.

19. A kit comprising;

(2) the preservative composition of claim 12,

(b) a vessel for collecting a biological fluid in which a
protein or small molecule is to be preserved; and

(c) instructions for use.

20. The kit of claim 19 further comprising at least one
sample containing the molecule to be preserved at a known
concentration in the preservative composition.

21. A composition comprising:

(a) animal urine; and

(b) the preservative composition of claim 12, such that the
animal urine contains a pheromone in sufficient quan-
tity to act as an attractant to an animal of the same
species as the animal from which the animal urine
comes.

22. The composition of claim 21 wherein the animal urine

is from an animal selected from the group consisting of a
deer, a fox, a bear, a boar, an elk, a moose, and a raccoon.
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23. The composition of claim 21 wherein the pheromone
is a steroid.

24. A method of preserving pheromone activity of an
animal urine comprising the steps of:

(a) providing a fresh animal urine containing pheromone
activity; and

(b) adding the fresh animal urine to the preservative
composition of claim 12 to preserve the pheromone
activity at a level such that the urine containing the
preservative composition acts as an attractant to an
animal of the same species as the animal from which
the animal urine comes.

25. A preserved fluid comprising;

(a) a preservative composition for preserving a molecule
selected from a protein and a small molecule compris-
ing:

(1) an amount of a divalent metal chelator selected from
the group consisting of ethylenediaminetetraacetic
acid (EDTA), (ethylenebis(oxyethyleneni-
trilo))tetraacetic acid (EGTA), and 1,2-bis(2-ami-
nophenoxy)ethane-N,N,N',N'-tetraacetic acid
(BAPTA) and salts thereof in the range of from about
0.001 M to about 2 M; and
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(i) an amount of at least one chelator enhancing
component selected from the group consisting of
lithium chloride, guanidinium chloride, guanidinium
thiocyanate, sodium salicylate, sodium perchlorate,
and sodium thiocyanate in the range of from about
0.1 M to about 10 M; and

(b) a bodily fluid from a human or non-human subject.

26. The preserved fluid of claim 25 wherein the subject is
human.

27. The preserved fluid of claim 28 wherein the bodily
fluid is urine.

28. The preserved fluid of claim 25 wherein the preser-
vative composition further includes at least one enzyme
inactivating component selected from the group consisting
of manganese chloride, sarkosyl, and sodium dodecyl sulfate
in the range of up to about 5% molar concentration.

29. The preserved fluid of claim 25 wherein the concen-
tration of divalent metal chelator is at least 0.01 M and the
concentration of chelator enhancing component is at least
1.0 M in the preservative composition.
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