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The M-40 g'ene is an androg'en and zinc regulated gene

expressed in the rat prostate. The M-40 nRNA is bifunctional,

in that it codes for both a nuclear and secreted protein. The

M-40 protein product, probasin, is a major secretory product

of the d.orsolateral prostate. The amino acid sequence of the

probasin protein is conserved with members of a ligand carrier

farnily, however, the specific ligand for probasin is unknown.

Immunochemica] experiments performed with the probasin

antibod.y demonstrated. the existence of an immunoreactive

protein in rat brain. In an effort to clone the corresponding

gDNA, the probasin antibody, pM-40 cDNA, and pM-40 related

oligonucleotides v/ere used. to screen a rat brain cDNA library

and rat qenomic DNA library. Three cDNA and two genomic

clones hrere isolated. with the various probes and characterized

by restriction mapping and. nucleotide sequence determination.

One cDNA and the two genomic clones were discounted as

encoding the probasin-Like brain protein. The sequence of the

two cDNA clones, isolated by screening with the probasin

antibod.y, d.emonstrate no clear relationship to probasin. The

identity of the probasin-like protein expressed in rat brain

has not been determined.
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Introduction

The prostate gland is an exocríne organ, found

exclusively in mammals. Located below the urinary bladder,

surrounding the urethra, the gland suppJ-ies components of

semen such aS fructose, zínc ions and proteins. Prostatic

secretions are stored in the many ducts that comprise the

gIand.. During ejaculation, the contents of the ducts are

d.ischarged into the urethra by muscular contractions.

Prostatic growth and. function is androgen dependent, and

malignant proliferation is initially androgen dependent (1).

The pathological conditions associated with the aging prostate

(2) provide the driving force for investigating the normal

regulation of prostatic Arowth and function.

The rat prostate provídes an excellent model to study

androgen regulation of a male accessory reproductíve g1and.

The rat prostate gland can be defined as three distinct

anatornical lobes, the ventral, dorsal, and lateral lobes.

This work focuses on an abundant androgen dependent nRNA frorn

the rat dorsolateral Prostate.

Regulation of the M-40 Gene

Dodd et al., (3) reported the cloning of the pM-40 CDNA

which corresponds to a highly abundant mRNA expressed in the

rat dorsolateral prostate. The M-40 ¡RNA levels are 2 Eo 3-

fold lower in the dorsal than the lateral prostate, and 25

fold lower in the ventral than lateral prostate. Six days

after castration, the level of M-40 pRNA in the dorsolateraL
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prostate declines but can be restored by testosterone or zj-nc

administration (4). By twelve days after castration, the M-

40 nRNA levels return to precastration leveIs without

administration of androg'ens or zinc (5). Thus, in the absence

of androgens, when the gland has undergone atrophy, the M-40

mRNA continues to be exPressed.

The zinc levels are L0-fold higher in the rat dorsal

prostate than any other soft tissue. Further, the lateral

prostate zinc concentration is 2.5 fold higher than that of

the dorsal prostate (6). In the castrated rat the level of

zinc in the atrophied gland remains high (7) - Thus, the

distribution of zinc in the rat prostate correlates well with

the expression and the post-castration rebound of the M-40

pRNA. Isotation and characterj-zation of the M-40 genomic

clone revealed the presence of a metallothionein-like metal-

responsive element in the 5' flanking DNA sequences (8). The

presence of this seçnlence implies a role in the zínc

inducability of the M-40 gene, similar to that seen in the

metallothionein gene.

A Bifunctional nRNA

The pM-40 CDNA clone will hybrid arrest two proteins,

differing in about 2 kDa in size, in an in vitro transtation

of dorsolateral prostate nRNA (3). Nuclear and cytosolic

protein fractions from ventral, dorsal and lateral prostate

were isolated and assessed by Western bLotting. Polycolona1

antibod.y generated to the M-40 protein recognizes a protein
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with an apparent molecular weight of 20 kDa in alt prostatic

tissue. This protein is present in both nuclear and cytosolic

fractions (9).

Confirrnation that the M-40 protein is nuclear and

secreted was obtained by immunohistochemical localization

within the prostate. The M-40 polyclonal antibody localizes

the M-40 protein in the nucleus and/or secretions of lateral

prostate epithelial cells, while the nuclear form of the

protein was detected j-n the dorsal and ventral lobes (9).

The nucleotide sequence of the pM-40 cDNA predicts three

proteins containing methionine residues at the amino terminus.

The AUG codons for the methionine are located at nucleotide

positions *1, +51 and +54. Irlhen compared to the consensus

sequence for initiation of translation (10), the first and

second AUG cod.ons appear in the most favourable context for

translation initiation. These two AUG codons begin open

read.ing frames which code for proteins of L77 and 160 amino

acids. The two predicted proteins have calculated molecular

weights of 2Ot76O and 1-8,597. Predicted amino acids from l-

Eo L7 in the larger protein are predominantly hydrophobic and

represent a signal peptide of 2,L63 daLtons. After the signal

peptide is cleaved, the resulting protein is identical to the

protein translated from the second AUG codon. In vitro

translation of synthetic nRNA containing the first and second

AUG codons results in production of both proteins, with a

preference for the first AUG codon. In vitro translations of
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synthetic nRNA lacking the first AUG codon results in the

production of only the smaller protein (9). These data

demonstrate the M-40 mRNA is bifunctional in that it codes for

a secreted as well aS on intracellular form of the same

protein.

Probasin is the M-40 Protein Product

The probasin protein was originally described as a

nuclear, non-histone, androgen regulated, rat dorsolateral

prostatic protein (11, 12). The probasin protein is

essentially identical in molecular weight, amino acid

composition, and pI to the protein product predicted by the

pM-40 CDNA (9). The lobe-specific distribution of the

probasin protein (L2) correlates well with the expression of

M-40 ¡RNA (3). Probasin protein concentration increases with

prostatic zinc uptake (13) and the M-40 nRNA is zinc inducible

(4). Amino terminal seguencing of the probasin protein

demonstrated this protein corresponds to the predicted M-40

protein product starting from the 2nd in frame AUG codon (9).

Probasin is a Member of a Ligand Carrier Famil-v

Statistical analysis has revealed that probasin is

related, at the amino acid. Ieve1, to the alpha-2-microglobulin

ligand carrier family (9). This farnily consists of low

molecular weight proteins (18-25 kDa) which serve as carriers

for small lipophilic rnolecul-es (14) . The DFAST computer

program for analysis of protein sequence (15) was used to

evaluate amino acid homology between probasin and members of
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the ligand carrier farnily. Proteins in the farnily which have

a statistj-calIy significant similarity to probasi-n in

decreasing order are rat alpha-2-microglobulin, mouse major

urinary protein, rat odorant-binding protein, and bovine beta-

lactoglobulin (9).

The genomic structure of the M-40 gene is similar to that

of rat alpha-2-microglobulin, mouse major urinary protein, and

bovine beta-lactoglobuIin. For each of these genes, the

coding domains are divj,ded between the first six exons, while

the seventh exon contains 3r non-coding sequences. Thus,

these genes appear to be evolutionarily related at the level

of structural orqanization of the gene and the level of

protein sequence (8, 9).

Alpha-2-microglobulin r^ras originally described as a sex-

dependent protein, synthesized in the liver of adult male

rats, secreted into the bloodstream and excreted in the urine

(16). The alpha-2-microglobulins are now known to comprise

a family of 20 to 25 highly homologous genes (I7), under

complex mul-tihormonaL and developmentaL control (18, 19).

Alpha-2-microglobulin family members have been detected in

liver, submaxillary, lachrymal, mammarY, and preputial glands'

The leveLs of nRNA and protein varies in the different

tissues, âs does the mechanism for hormonal control of gene

expression (20). The ligand for the alpha-2-mi-croglobuLins

is unknown.



The mouse major urinary proteins are the mouse equivalent

of the rat alpha-2-microglobulin proteins. The major urinary

proteins are also encoded by a nultigene farnily numbering 35-

40 copies. These proteins are synthesized in the Iiver,

submaxillary, lachrymal, subling:Lra1, parotid, and malnmary

glands (2L). The protein synthesized in the liver is secreted

into the bloodstream and excreted in the urine (22). The

remaining tissues synthesize proteins for external secretion

(2I). All najor urinary proteins are expelled from the body

and a possible function in chemical communication has been

suggested. The proteins may act aS a carrier for chernicals

which act as behaviourial cues (2L) -

The rat odorant binding protein lvas first identified

through the binding of t3Hl pyrazines (23), although it can

bind a wide range of structurally diverse odorants (24). The

protein is synthesized. in nasaL epithelium and is secreted

into the nasal mucus. Od.orant binding protein is thought to

play an intermediary role in the concentration of odorant

molecules and translocation to olfact'ory receptor cells in the

distal nasal epitheliun (25).

involved with a correct sense of smel-l, patients with smell

dysfunctions commonly have trace metal abnormalities (26).

Beta-lactoglobulin is the major component in the nilk

whey of bovine species. This protein can bind retinol and

may function as a protective transport system, facilitating

uptake of retinol by young suckling animals (27)'

6
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Since members of the alpha-2-microglobulin ligand carrier

family exist as giene families and are expressed in divergent

tissues, we began to explore the possibility that probasin (or

a probasin-like protein) lras expressed in tissues other than

prostate.

From Prostate to Brain

Zinc is found in all tissues and body fluids. The

highest total mass of zínc resides in muscle and bone

(approximately 9OZ) | but the prostate gland has the highest

concentration of zinc of all the soft body tissues (28). The

whole brain has a retatively low concentration of zínc,

however, certain defined regions have high zinc

concentrations. The limbic systern is concerned wÍth

olfaction, feeding, sexual behaviour and the emotions of rage

and motivation (29) . The hippocamPus, which comprj-ses a

portion of the linbic system, has long been known to have a

high zinc content (30, 31). Here zínc is specifically

localized. to the mossy fiber pathway (30). within the

cerebellum, a population of neurons called the Purkinje ceLls

also Ìocalize zinc (31) which appears necessary for their

development since postnatal zinc deficiency impairs the

maturation of these neurons (32).

The mossy fiber system, located in the hippocampal

region, has attracted specific interest. By various methods,

zinc has been localized primariJ-y to the terminal boutons of

these neurons (30) " The fact that cellular zinc is located
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within the axon terminals of these neurons suggests that zíne

may function as a neuromodulator. Zinc may be affecting the

i) synthesis or release of neurotransmitting agents and/or ii)

degradation of the neurotransrnítting agent and/or iii)

response of the post-synaptic neuron.

Electrophysiological experiments performed on the mossy

fibers have demonstrated that i-n a normal adult male rat, low

frequency repeated stimulation of the mossy fiber axons

resulted in potentiation. That is, there v¡as no decline in

the amplitude of the synaptic field potentials in the control

animal. However, when mossy fibers of chronically zinc

d.eficient animals were stimuLated in an identical manner,

there was a declj-ne in arnplitude of the synaptic response with

successive stirnuli (33). The mechanÍsm suggested that

progressive decrease in neurotransmitter reLease occurred as

a result of deprivation-induced depletion of mossy fiber zinc.

This reduced' the activity of a zinc-dependent enzyme which was

responsible for neurotransmitter availability at the synapse

(33) 
"

Further evidence supporting zincrs role in

neurotransmission was demonstrated by utilizing slices of rat

hippocampus. The data indicated that upon electrical

excitation of these slices, zinc ions contained in nerve

terminals were extruded into the extracellular space (34).

Conversely, it has been shown that in the hippocanpal slice,

the mossy fiber neuropil and dentate granule cells

8



preferentially take up zínc (35). Further, upon electrical

stimulation, the uptake of zinc-65 by rnossy fiber neuropils

is enhanced along with a release of previously incorporated

zinc-65 (35). These results suggest that somehow zinc is

closely related to the processes of synaptic transmission.

Numerous other experiments have confirmed that zínc is

released from mossy fibers in response to various stimulj- (36,

37, 38).



Rationale

Western blot and immunohistochemical analysis, using a

polyclonal antibody generated to the prostatic probasin

protein (R23), demonstrated the existance of an immunoreactive

protein in rat brain (colaboration with Dr. J.G. Dodd, Dr. J.

Davie, and Dr. J. Nagy). Immunohistochemical staining of the

reactive protein demonstrates both a nuclear and cytosolic

Iocalization of the protein. The staining is strongest in the

mossy fj-bers of the hippocarnpus and the Purkinje cells of the

cerebellum, neurons which have a high zinc content (30, 31).

The high zinc content in the regions of the brain where this

protei-n is expressed, is analogous to the high zinc content of

the prostate (6). As wel], the nuclear and cytosolic

localization of the protein is analogous to the localization

of the probasin protein (9). These similarities between the

immunoreactive protein and probasin provided the initial

impetus to explore M-40 (or M- O-like) expression in rat

brain. Localization of the protein in the nucleus and nerve

terminals of neurons with high zinc content may suggest a role

in zinc hemeostasis or neurotransmittion within these neurons.

The identification of probasin as a member of a ligand

carrier family (9) provided further incentive to pursue this

work. The alpha-2-microglobulin and mouse major urinary

proteins are known to exist as rnultigene families, which are

expressed. in a variety of tissues (I7, 2L). The same may be

true of probasin. The brain protein may be a member of an M-

1-0



40 multigene farnily, and may be a carrier for some ligand

involved in neuronal function

In an attempt to isolate the cDNA encodinq the brain

probasin-like protein, several approaches were taken. The

probasin antíbody, the pM-40 cDNÀ, and pM-40 related

oligonucleotides were aII used as probes to screen a rat brain

eDNA Iibrary.

Ll_



Materials and Methods

Restriction Enzrrme Analvsis

Restriction enzyme digestions of double stranded DNA rrtere

performed in one of three digestion buffers, eaeh differing

in salt concentration. Restriction buffers were made as l-0X

concentrated stocks. The low salt buffer consisted of 0.1 M

Tris-CI (pH 7.5), O.L M MgClr' and 1-O mM DTT. The rnedium salt

buffer consisted of o.l- M Tris-Cl (pH 7.5), 0.1 M MgClr' 10 mM

DTT, and 0.5 M NaCI. The high salt buffer consisted of 0.1

M Tris-CI (pH 7.5) , O.l- M MgClr, 10 mM DTT' and 1 M NaCl-

Appropriate buffer and temperature for each restrict,ion enzl.me

were chosen accord.i-ng: to Maniatis et a1., (39). Reactions

included appropriate buffer at l-X concentration, 0.1 l-0 ug

of DNA, and one unit of enzyme per þq of DNA in a fi'nal volume

of l-o-20 ttl- A unit of enzyme is described as the amount

required to completely digest l- pg of DNA in one hour. The

reaction was then incubated at the appropriate temperature for

2-18 hours. Restriction digests vfere run on an agarose ge1

and ethidium bromide stained to visuaLize the fragments under

w light. All enzymes \^¡ere purchased from Pharmacia (Dorval,

Quebec) or Borhing:er Manheim (Dorval, Quebec).

Agarose Gel Electrophoresis

Fragrnents prod'uced by restriction enzyme digestion were

separated according to molecular si-ze and conformation by

electrophoresis in agarose gels (40). Electrophoresis was

performed as described. (39). A Tris-Borate electrophoresis
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runníng buffer was made as a l-OX stock solution (l-OX TBE) .

The LOX running buffer consisted of 0.5 l'l Tris, 0.5 M boric

acid, and 20 nM EDTA. The geI consisted of 0.6 - l-.08 agarose

in a l-X TBE buffer. The restriction digested DNA samples were

mixed with O.2 volume of a 5X gel loading buffer. The 5X

loading buffer consisted of 50å glycerol I O.3Z bromophenol

blue I O.3Z xylene agarol, and 20 nM EDTA. The samples were

loaded onto the 9e1, and electrophoresis was carried out in

l-X TBE at room temPerature.

After electrophoresis, the ge1 was stained with ethidiurn

bromide at a final concentration of 0.5 Pg/mI. The bands of

DNA were visualized with an uLtraviolet 1i9ht source.

Photographs of the gels were taken using Polaroid Type 57 film

and a Polaroid 545 Land Camera (Polaroid Corporation,

Cambridge, Massachusetts) .

üIhen the DNA fragTments were to be recovered, Iow melting

point agarose (l-.0?) was used for electrophoresis" Àfter

staining with ethidiurn bromide, the band(s) of ínterest were

visualized with ultraviolet Iight, and cut from the gel with

a scalpeI" The gel slice was placed in an Eppendorf tube

(Brinkmann, Westbury, New York) and heated to 65oC for l-O

minutes. Addition of five volumes of O.l- M NaCl in TE buffer

(TE buffer; LO mM Tris, l- mM EDTA, pH 7.5) to the melted 9e1

slice was followed by a further incubation at 65oC for l-O

mínutes. The DNA was recovered from the agarose by passage

over an Elutip-D column (Schleicher and Schuel1, Keene, New

L3



Harnpshire) according to manufacturefs instructions. The

column was run in the heated air (approximately 42oc) over a

65oC water bath to prevent the agarose from solidifying.

Isolation of Genomic DNA

Genomic DNA was isolated from male Sprague-Dawly rat

testes. The two testes from one animal were frozen at 7OoC,

then powdered with a hammer while on dry ice. The crushed

tissue was added to 2 mI of solution containing 0.L M Tris-CI

(pH 8. O) , O. l- M NaCl, 5.0 nM EDTA , L.OZ SDS ' and l-00 Pg/mI

proteinase K. The sample was mixed on a vortex for one minute

and incubated at 37oC overnight.

Àfter incubation, 4 mI of sddHro and 5 ml of TE buffer

saturated redistilled phenol was added. The sample was mj,xed

for one minute, then centrifuged at 3,OOO xg for five minutes.

The aqueous supernate was transferred to a clean tube and

extracted again with an egual volume of phenol. The supernate

was then extracted once with an egual volume of

phenol:chloroform (l-:L) and once with an equal volume of

chloroform. The genomic DNA l.¡as precipitated by addition of

0.1 volume of 3M sodium acetate and one volume of ethanol.

A pasture pipet, closed at the tip by flaming' vras used to

spool the DNA out of the solution. The DNA was transferred

to an Eppendorf tube washed with L mI 7OZ ethanol, and

centrifuged at 16,OOO xg for one minute. Ethanol was removed,

and the DNA pellet was dried briefly under vacuum.

pellet was resuspended in 50 ¡tI TE buffer, and RNase A $/as
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added. to a fínal concentration of 50 pg/mL and incubated' at

37oC for one hour. The solution was ext.racted once with

phenol/chloroform, and. once with chloroform. The genonic DNA

v¡as precipitated in two volumes of ethanol and O.l- volume of

3 M sod.ium acetate. The ethanol precipitaÈion v¡as stored at -

2OoC overnight, then centrifuged at L6,OOO x9, 4oC for L0

minutes. The DNA pellet was washed with 7OZ ethanol, dried

briefly und.er vacuum and resuspended in 2OO ¡.t'L TE buffer.

Absorbance at 260 mn was used. to calculate DNA concentration

(DNA pg/pI = Absorbance 260 x Dilution x 50/1-'000) '

Restriction enzyme digestion was performed with l-0 ¡.1,9 of DNA

using conditions described under rrRestriction Enzyme

Analysistr.

Southern Transfer

Detection of DNA seguences of interest after restriction

digestion and electrophoresis elas accomplished using the

transfer technigue descríbed by Southern (41). This technigue

was used to identify sequences within cloned DNA fragrments and

restriction digested genomic DNA.

After electrophoresis, the ge} was stained' with ethidium

bromide and photographed under IIV light'. The DNA within the

ge1 \^ias denatured by soaking the geI in several volumes of l- ' 5

M NaCI and 0.5 M NaOH for one hour at room temperature' The

gel was neutralized. by soakj-ng in several volumes of L'5 M

NaCl and. L.O M Tris-CI (pH I.O) for one hour at room

temperature. The transfer of DNA to the nitrocellulose filter
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(Bio Rad, Richmond, California) !¡as performed according to

Maniatis et al. (39). The transfer buffer used was 1-O X SSC

(2o X SSc stockt 3 M NaCI, and 0.3 M sodium citrate).

Isolation of RNA

Throughout the RNÀ isolation, gloves were worn and all

tubes and pipette tips were autoclaved. Tissue lvas stored

frozen at -7OoC. Three grams of tissue was homogenized in 30

ml of GITC buffer (4M guanínium isothiocyanate, O.5Z M-lauroyl

sarcosine, 25 nM sodium citrate, O.7Z beta-mercaptoethanol'

and O.4Z antifoam A) using a Polytron blender (Polytron,

Luzern, Switzerland). Homogenates \^¡ere centrifuged at 2,OOO

xg for 20 minutes at room temperature. The samples were

carefully layered onto a l-O m1 CsCl cushion (5.7 M CsCl, and

0.1- M EDTA) in Ti6O Beckman guick seal centrifuge tubes

(Beckman Instruments, Fullerton, Ca]ífornia). The tubes were

baLanced and centrifuged at 41-t7oo x9 for 20 hours.

After centrifugati-on, Some of the Supernate vlas removed

with a 10 mI syringe, the top was cut off the tube, and the

remaining supernate q/as poured off. The RNA pellet was

resuspended in 500 pl of TE buffer. The RNA was precipitated

in two volumes of ethanol and 0.1- volume 3M sodium acetate at

-2OoC overnight. Then, RNA samples were centrifuged at L2,9OO

xg, 4oC, for 20 minutes. The RNÀ peIlet was washed with 70å

ethanol, dried. briefly under vacuum, and resuspended in 400

¡¡1 TE buffer. Absorbance aE 260 nm was used to calculate the
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concentration of RNA (RNA P1/PL: Absorbance 260 x Dilution

x 40/L,000) .

Tsolation of nRNA

Messenger RNA was isolated by oligo-dT cellulose

chromatography (42). The nethod rel-ies on annealing the poly-

adenylic acid tait of the mRNA to an oligo-dT cellulose column

and elution with low ionic strength buffers. The oligo-dT

cellulose (Pharmacia) was eguilibrated with loading buffer

(O.b M KCI- in TE buffer) and sterilízed by autoclaving. The

column was packed and washed with 50 ml of 0.1- M NaOH, then

50 nl of sddHrO, followed by 50 nl of loading buffer'

up to 5 mg of RNA was boiled in 3 mI TE buffer for two

minutes, then guick chílled in an ice water bath. one

rnillilitre of 2.5 M KC1 was added, and the RNA was loaded onto

the col-umn. The column was washed with loading buffer.

Ef f luent r^ras monitored by absorbance readings.

polyad.enylated. nRNA was el-uted by washing the column v¡ith TE

buffer heated to 65oC. The nRNA was recovered by overnj-ght

precipitation at -2OoC in two volumes of ethanol and 0'L

volume of 3 M sodium acetate. Samples were centrifuged at

L2tgOO Xg, AoC, for 20 minutes. The pRNA pel]et was washed

with 70? ethanol, dried briefly under vacuum, and resuspended

in a smaLL volume of TE buffer. Absorbance at 260 nm was used

to calculate the final nRNA concentration'

The
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Northern Transfer

separation of RNA species was achieved by electrophoresis

through denaturing agarose gels (43). The electrophoresis

running buffer was made as a Lox stock and consisted of 0'4

M MOPS, 0.1 M sod.ium acetate, and 10 mM EDTA. The 9e1

consisted of Lz agarose, lX running buffer, 6.662

formaldehyde, and o.5 ¡tg/ml ethidium bromide. The RNA samples

were load.ed in equal amounts per lane. The RNA ( in a 4 ' 5 ¡t'I

volume) r.ras add.ed. to L5.5 ¡t"I of a d.enaturing solution (2 ¡t'L

t-ox running buffer, L0 p1 deionized formamide, and 3 '5 ¡t'l- 372

formaldehyde). The RNA samples were then heated to 65oC for

1_5 minutes, and 0.2 volume glycerol loading dye Was added to

each. The RNA samples were loaded, and the gel was run

overnight ín l-X running buffer at 30 volts'

After electrophoresis was complete, the stained gel was

photographed under lrv light, and, then soaked in two chanqes

of 20x ssc. Transfer of the RNA to nítroceIlul0se filters

was performed as described by Maniatis et al' (39)'

Nick Translatiatl

Radioactive labelling of double stranded DNA was

accomplished by nick translation (44). Generally, 250 ng of

insert or plasmid DNA was labelled using this technique' The

Amersham (oakville, Ontario) nick translation kit was used for

all nick translations. In this procedure, the DNA is first

nicked' with DNase Í' then DNA polymerase r catarizes the
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incorporation of three unlabelled {.NTPrs and one [a1pha-3tp]-

dNTP.

The DNA to be labelled was added to 4 ¡tL of nucleotide

buffer (1-OO ¡.lM d.A,TP, LOO ¡rM flTTP, l-OO ¡lM dGTP in a Tris-Cl,

pH 7.g, MgCl., and. beta-mercaptoethanol buffer). Then, 7 ¡tL

of i-OO t¿Ci Ialpha-3ze1-aCte (New England Nuclear, Boston,

Massachusetts) and 2 ¡t]- of enzyme solution (0'5 units of DNA

pollrrnerase I per pI , 20 pg DNase I per pI in a Tris-Cl, MgClz'

glycerol, and. BSA buffer) were added, and the volume rnade up

to 20 ¡-tL with sddHro.

The nick translation solution was incubated at LsoC for

90 minutes. The reaction was stopped by adding 4 ¡t'L of 25O

mM EDTA, and 4 O þg of yeast tRNA. The radioactively labeIled

DNA was separated from unincorporated Ia1pha-32e1-acre by

passage over

manufacturerr s instructions.

To assess specific activity of the labelled DNA probe,

2 pI of the purified, labelled DNA was míxed with 5 ml of

Aguasol (E.I. Dupont d.e Nemours and co., wilmington'

Delaware). The liguid scintillant cocktail \,tlas counted in an

LKB 121-6 Rackbeta liquid scintillation counter (Pharmacia LKB

Biotechnology, Baie DrUrte, Quebec), and the specific activity

of the probe was calculated (specific Activity dpm/pq DNA :

tdprnz¡.rl x pI of probel x lt-O/ttg DNA labeledl) '

a Pharmacia nick column according to
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End Labell ino of Olioonuc'leotides

Radioactively labelled oligonucleotides were used for

filter hybridizations and nuclease sl- experiments.

oligonucleotides were custom synthesized by the Regional DNA

Synthesis Laboratory (Calgary, Alberta). Fifty picomoles of

oligonucLeotide was added to 2 ttl of LOX kinase buf fer (o.7

M Tris-C1, pH 7.5, 0.1- M MgClr, 5o nM DTT, and 1 nM KCl) .

Ten to f ifty pci of ¡gamma-3ze1-ate (New England Nuclear) r^¡as

added and the volume was brought to 20 ¡.cI with sddH.O. Five

units of T4 polynucleotj-de kinase was added, and the reaction

!'/as incubated at 37oc for 30 minutes.

The labe1led oligonucleotide v/as separated from

unincorporated isotope by passage over an EIutip column

according to manufacturerrs instructions. The radioactively

IabelLed oligonucleotide v¡as counted as described for the nj-ck

translation and specific activity was calculated (Specific

Activity dpm/picomole DNA: Idpn/¡.rI x ¡tI of probe)/50

piconole) .

Ilnd Labellino of Marker DNA

Restriction digested plasmid or lambda DNA can be

radioactively labeLled for use as size markers in agarose or

polyacrylamide gels. Generally, 0.1 pg of restriction

digested. DNA was mixed with 1 pl medium sal-t buffer, 2 ¡tCi of

the appropriate ¡alpha-3ze1allre (39), L unit of Klenow enzyme,

and sddHrO to L0 ¡.11 final volume. The reaction was incubated

aÈ room temperature for 20 minutes, then 40 ¡tL TE buffer was
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added. The sample !¡as then phenol extracted and

phenol/chloroform extracted. Usually 5 ttl of the

radioactively labelled marker was loaded per 1ane.

Filter Hybridízation

Northern, Southern, and phage plaque filters v¡ere probed

with radioactively Iabelled DNA in order to detect specific

sequences of interest. The technigue used to probe all types

of filters $ras identical. The filters were first baked at

Sooc under vacuum to fix the nucleic acid to the

nitrocellulose filter. Then the fitters were prewet with 6X

SSC, and placed in a heat sealable plastic freezer bag. A

prehybridization buffer consisting of 6X SSc, 5X Denhardtrs

solution (39 , 45) , 0. 1å SDS, and 0.1 rng/rnl single stranded

carrier DNÀ was added (4 rnl of prehybridization buffer per

l-00 cmz of filter). The sealed. bags were placed in a shaking

water bath and aLlowed to prehybridize for one to two hours"

For probes greater than L00 nucleotides length, the

prehybridization and hybrid.ization temperature was 65o-68oc.

For probes of shorter length, the temperature was determined

by hybridizing several identical fiLters at different

temperatures. The temperature selected for subseguent

hybridizations was the one that gave the best signal to noise

ratio "

Radioactively Iabelled double stranded DNA was denatured

by boiling for two minutes, then guick chilled in an ice water

bath. One million dpm of denatured, radioactively Labelled
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probe vras added per rnillilitre of prehybridization buffer.

Hybridizations were carried out at the desired temperature for

L4-L6 hours in a shaking water bath. The filters were removed

from the bags and placed in a plastic container with a

solution of 2X SSC and 0.1å SDS. Filters were washed twice

in this solution at room temperature for L0 minutes with

gentle agitation. For probes greater than L00 nucleotides in

length, the filters were then washed in a solution of 0.2X SSC

and O.L? SDS at 65o-68oC for l-5 minutes. Filters were checked

with a Geiger counter, and washed a second time for l-0-i-5

minutes if necessary. For probes less than 100 nucleotides

in length, the filters were then washed in a solution of 2X

SSC and O.Aeo SDS at the chosen hybridization temperature for

l-0 minutes. The filters vtere checked with a Geiger counter,

and. a second wash \ÂIas performed if necessary. Unless

otherwise indicated, hybridization and washing were performed

at 650 - 68oc.

After washing, the filters were wrapped in plastic wrap,

placed in an X-ray folder (Eastman-Kodak Co, Rochester, New

York) with a cronex Quanta III intensifying screen (8.I.

Dupont de Nemours and Co. ) and Cronex X-ray filrn. The folders

were placed. at -7OoC overnight. The filn vras usually

developed. the next day. If necessary, a second film would be

placed. on the blot for a longer autoradiographic exposure.

Nucleâse 51 Analvsis

Nuclease Sl- analysis is a technique used for detectj.ng,
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sízing, and mapping of RNA molecules. Hybrids formed between

radioactivity labelled single stranded DNA and RNA transcripts

are protected from nuclease SJ- digestion. Sing1e stranded RNA

and DNA are degraded by the nuclease. The protocol ernployed

ï¡as based, in part, on the techniques described by Berk and

Sharp (46).

The DNA probe used in this assay was a 50 base

oligonucleotide. Radioactive 1abelling of the probe vras

performed as described in rrEnd Labelling of Oligonucleotidesrl

section (50 picomole of otigonucleotide was end labelled for

each assay). Tota1 celluIar RNA (10-20 ttg) was mixed in an

Eppendorff tube with 80-90 ¡.lg yeast IRNA and one nillion dpnt

of labelled oligonucleotide. Yeast tRNA alone (100 pg) was

mixed with 1abe1led probe to provide a negative control. All

mixtures were precipitated by addition of two volumes of

ethanol, 0.1 volume of 3 M sodium acetate and placing in a dry

ice/ethanol bath for 10 minutes. The samples were centrifuged

at l_61000 Xg, 4oC, for 10 minutes. The pellets were washed

with 7OZ ethanoÌ, and dried briefly under vacuum. Pellets

were then resuspended in 3O ¡tI SL hybridization buffer

containing 80å deionized formamide, 0.4 M NaCl, 4O nM PIPES

(pH 6.4), and 1 mM EDTA. The samples v/ere heated aE 72oC for

l-O minutes to denature RNA secondary structure.

Hybridization temperature \^ras optimized prior to

experimentation by hybridization of probe to RNA at 37oC,

42oC, and 47oC. The optirnal hybridization temperature (lowest
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signal to noise ratio) was 42oc. After incubation at 72oc, tlne

tubes !,Jere transferred to a 42oC water bath. Samples $tere

left to hybridize overnight.

Nuclease 5L (5OO units/rnl) tras added to Sl- digestion

buffer (0.28 M NaCl, 50 mM sodium acetate, 4.5 mM ZnSOo, and

20 pg/m\ single stranded carrier DNA), and 300 ¡-t'I of the

buffer was then added to each sample. Tubes were transferred

to a 37oC water bath and incubated 60 minutes. Reactions were

placed on ice, phenol/chloroform extracted, and 20 ttg IRNA was

add.ed to each tube. Samples $¡ere precipitated by adding two

volumes of ethanol and placing in a dry ice/ethanol bath for

10 minutes. Samples r¡¡ere centrifuged. at L6'ooo x9, AoC, for

l-5 minutes. Pellets were washed with 7OZ ethanol, dried

briefly, and resuspended in 4 pI TE buffer. Four microlitres

of formamide dye (9OZ deionized formamide, 20 mM EDTA, 0.03å

bromophenol b1ue, and 0.03å xylene cyanol) was added to each

sample. Formamide dye tras also added to 1-00 , 000 dpm of

undigested probe, and to radioactively end labelled DNA

markers. A1I samples lt¡ere heat denatured by incubation at

gOoC for three minutes, then placed in an ice water bath.

samples were analyzed by electrophoresis through a 6z

polyacrylamide/7 M urea seguencing ge]. Seguencing gels were

run in a Bio Rad sequencing apparatus using LX Flinterrs TBE

as a running buffer (l-OX Winterts TBE stockì I.4 M Tris I O.44

M boric acid, and 50 nM EDTA). Seguencing gel stock was

prepared beforehand and consisted of 7 M urea ¡ 6eo a.crylamide,
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0.3å NrNt-methylene bisacryIamide and LX I{interrs TBE. The

stock vras filtered through Millipore 0.45 micron filters
(Millipore Co., Bedford, Massachusetts) and stored. at, AoC.

The sequencing apparatus lras assembled as described by the

manufacturer, using 0.3 nm spacers. A Bio Rad 20 well

sharkstooth comb was used to form the we1ls. The gel was

pollmrerized with ammonium persulfate and TEMED, and allowed

to set for 40 minutes. Gels r¡ere pre-run at L700 volts until

a geI temperature of SooC was reached (30-40 minutes).

Samples v¡ere loaded onto the gel and run at l-700 volts

for 90 minutes. The gel was then carefully removed from the

sequencing apparatus, wrapped in plastic v¡rap and

autoradiographed overnight at room temperature with Cronex X-

ray fi1m.

Platincr Lambda Libraries

Bacteriophage lambda is a double stranded DNA bacterial

virus. The lambda vectors are the vehicles of choice Èo

screen large numbers of recombinant clones. The Charon lambda

bacteriophage (47) and lambda gt bacteriophage series (48)

were used to isolate genomic and cDNA inserts. The Charon

phage rat kidney genomic DNA library was a gift from Dr. M.L.

Duckworth. The larnbda gtL1 rat brain cDNA library was

purchased from Clonetech Laboratories (Palo Alto, California).

Escherichia coli bacterial cells of the strain WÀ803 r¡tere

provided by Dr. A.M. Spence.

A single colony of E. coli was used to inoculated 30 mI
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of steril-e LB broth (10 g trlprone, 5 g yeast extract, and 5

g NaCt per litre of ddHaO) supplemented with 10 nM MgSoo and

o.2Z maltose. The Mg** íons are necessary for maintenance of

the phage protein coat. The maltose up-regulates bacterial

maltose receptors, by which the phage particles invade the

host. The culture was gro$¡n overnight at 37oc with good

aeration. The culture was then centrifuged at 2 
'OOO 

xq for

five minutes. CeIl pellets were resuspended in cold 10 nM

MgSo. by gentle hand rnixing.

Serial dilutions of the phage library r¡rere generated and

used to infect the bacterial ceIls. Ten microlitres of the

dilutions and 100 t¿l of the cells were mixed and incubated at

37oC for 20 minutes. During incubation, sterile soft LB

agarose (l- g tryptone, 0.5 g yeast extract, 0.5 g NaCl and 0.7

g agarose per l-OO nI ddHzO) supplemented with MgSOo and maltose

was heated, then allowed. to cool to approximately sOoC. After

incubation, 3 ml of liguid soft agarose was added to each

tube, mixed, and poured into LB agar plates (2O g agar, LQ g

tryptone, 5 g yeast extract, and 5 g NaCI per litre ddHzO).

The soft agarose was allowed to solidify, and the plates were

incubated. inverted. at 37oC overnight.

The dilution which produced plaques that were almost

confluent (approximately 5,OOO plagues per 85 mm petri plate)

was chosen to plate the library. Ten to twenty plates were

used for an initial library screen, and were prepared aS

described above. After the overnight incubation, the plates
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sÍere chilled. at 4oC for one hour. Nitrocellulose filter discs

(Biorad) I.¡ere used to generate ptague lifts. Numbered filters

!üere placed on the surface of the top agarose. An L8 gauge

needle, dipped in waterproof ink, hras used to stab through

each filter, into the agar, ât three asymmetric locations.

This marked the filter and the plate for orientation. Filters

!{ere left in contact with the plate for 30-60 seconds. the

filters ï¡ere then gently lifted off the plate, and placed in

a denaturing solution (1.5 M NaCl and 0.5 M NaOH) for 30-60

seconds. The filters were transferred to a neutralizing

solution (1.5 M NaCt and 0.5 M Tris-C1, PH 8-0) for five

minutes. The filters were rinsed in 2X SSC and allowed to air

dry on Whatman 3 MM paper (Whatman International, Maidstone'

England.). The filters were baked at SOoC under vacuum for

two hours before hybridization.

^A,fter hybrid.ization and autoradiographY, positive plaques

v¡ere isolated by stabbing the agiar plate with a pasture pipet

and removing the agar p1u9. The plug was transferred to an

Eppendorff tube containing l- mI of sterile SM buffer (0.1- M

NaCl, 50 mM Tris-C1, PH 7.5, l-O nM M9SO4, and O-Ol-å gelatin).

The phage particles were allowed to elute from the agar plug

for at least two hours. Several dilutions of the SM buffer

phage stock were plated for the second screen. The procedure

was repeated until all plagues on a single plate were

positive.
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Platincr and fmmunoscreenincr a Lambda otl-l- Librarv

The lambda gtLl- vector has been constructed. to allow

expression of high levels of insert cDNA protein products.

In this system, the insert, cDNA is cloned into the Iac Z gene

of the vector. Host cells are infected with the phage and the

lac Z gene is induced by additíon of IPTG. This results in

the expression of the foreign DNA as part of a beta-

galactosidase fusion protein. The protein can then be

d.etected. with antibod.ies (49). The lambda gtL1- rat brain cDNA

library $¡as purchased from Clone Tech. The ProtoBlot

immunoscreening kit, was developed by Promega Biotec (Madj-son'

Wisconsin) and purchased from BioCan Scientific Inc.

(Mississauga, Ontario) .

The lambda gt1-1- rat brain CDNA library was titered and

plated as described in "Plating Lambda Librariesrr section (the

agiar plates contained ampicillin at 50 Pg/lll-:.-). One plate of

positive control phage, containing a recombinant ovalbumin

gene, t¡as also prepared to be screened with primary beta-

galactosidase antibody. The host bacteria (YL090r-, which

carries an episome encoding the ampicillin resistance giene

beta-lactinase) I.ras supplied with the library. The plates

rrere incubated at 42oC for 3.5 hours. Nitrocellulose filter

díscs were saturated in 10 mM IPTG, allowed to dry, and

overlayed on the plates. The plates were then incubated at

37oC for 3.5 hours. The 42oC incubation allows for lytic

growth of the phage and plague formation. The 37oC incubation
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allows for the ex¡lression of the fusion protein-

The filters were marked with waterproof ink, and gently

removed from the plates. The fílters were then washed briefly

in TBST buffer (LO mM Tris-Cl, PH 8.0, 150 nM NaCl, and 0.05å

Tween 20). All subsequent incubations and washes !¡ere

performed at room temperature in 85 nm petri plates. The

filter l^¡ere incubated in a solution of TBST and Lå BSA for L5

minutes. This step blocks non-specific protein binding sites

on the filters. The filters tlere transferred to a solution

of TBST and primary antibody. The primary antibody for the

positive control filter, a mouse anti-beta-galactosidase

monoclonal antibody, vlas used at a 1: L 
' 
OOO dil-ution. A

polyclonal probasin antibody, F.23 | vlas the experimental

primary antibody which vras used at a L:l-00 dilution. The

filters were incubated with the antibody for 30 minutes. The

filters tÍere then washed. in TBST three times for five minutes.

The filters were then transferred to a solution of TBST and

secondary antibod.y. An anti-mouse immunoglobulin G '

conjugated to aLkaline phosphatase, was the positive control

seconCary antibody used. at a 3-:7,500 dilution. Ã'n anti-rabbit

immunoglobulin G, conjugated to alkaline phosphatase was the

experimental secondary antibody used at a L:7,500 dilution.

The filters l{ere then washed. in TBST three times for five

minutes. Filters $/ere blotted on I'lhatmann 3 MM paper and

placed into the color development substrate sol"ution. This

solution consisted of 33 ¡tL NBT substrate and L6.5 ¡t"I BICP
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substrate per 5 rnl phosphatase buffer (0.1 M Tris-Cl, pH 9.5,

0. L M NaCI, and 5 nM MgClz) . Filt,ers were left in the color

development solution until positive purple plaques appeared.

The filters were then washed in a stop solution (20 nM Tris-

CI, pH 8.0, and 5 nM EDTA).

Positive plaques v¡ere picked from the plates in agar

plugs and placed in L ¡nI SM buffer. The phage was replated

and screening !¡as repeated until all plagues on a plate

produced a positive signal.

Isolation of Lambda DNÀ

Plague purification of bacteriophage larnbda was

considered complete when all plagues on a single plate gave

a positive signal. At this point, one plaque was picked,

placed in a l- ml SM buffer and used as a stock for isolation

of large amounts of lambda DNA. The stock v¿as titered by

plating 1-0 ¡.11 of serial dilutions. The dilution which yielded

confluent lysis was used for subsequent plating.

Usually, I to 12 plates were used to grow the

bacteriophage. After incubation and confluent lysis, 5 mI of

SM buffer r¡ras added to each plate. P1ates were gently

agitated at room temperature for two hours. The liguid was

drawn off , pooled and centrifuged at 4,500 xg,  oC, for l-o

minutes. The supernatant was transferred to a clean tube and

RNase A (2O pg/m:-') and DNase I (1 pg/m:..) were added.

Incubation at room temperature for 6o minutes folLowed. one

volume of 2OZ PEG/2 M NaCI in SM buffer was added, and samples
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r{ere placed on ice for one hour. The PEG allows precipitation

of the bacteriophage particles. The samples were centrifuged

at 615OO Xg, AoC, for 20 minutes. The supernatant \'¡as

discarded and the pel1et was resuspended in 500 ¡.tL of SM

buffer.

The resuspend,ed bacteriophage particles were transferred

to Eppendorf tubes and extracted twice with an equal volume

of chloroform. This extraction removes residual PEG which

precipitates with the particles. Proteinase K (250 ug/mL) was

added., and the samples l/ere incubated at 65oC for l-O minutes.

Then, SDS (O.l-å) and EDTA (l-O nM) were added, and samples I'Iere

incubated at 65oC for 60 minutes. The proteinase K incubation

removes any contaminating DNase. The addition of SDS/EDTA

disrupts the bacteriophage protein coat and allows digesti-on

by the proteinase K.

After incubation, the samples were extracted once with

TE saturated phenol, extracted twice l¡ith the

phenol/chloroform, and extracted once with chloroform" The

lanbda DNA was precipitated by addition of 0.1- volume of 3 M

sodium aceÈate and two volumes of ethanol. the sarnples were

placed at -7OoC for l-5 minutes then centrifuged at 1-61000 xg,

4oC, for 10 minutes. The DNA pellets elere washed with 7OZ

ethanol, and. dried briefly under vacuum. The pellets lÂ/ere

resuspended in Loo ¡tL TE buffer, and RNase A (50 pg/ml-) and

RNase T1 (5OO units/nI) were added. The samples were

incubated at 37oC for 6O minutes. Sarnples were then extracted
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r¿rith phenol/chloroform, extracted with chloroform and ethanol

precipitated. Petlets \.¡ere resuspended in 50 l-00 ¡t'L TE

buffer and 2 ¡.11 was used for restriction analysis.

Subcloninq into Plasmid Vectors

Plasmids are smal1, circular, double stranded, naturally

occurring, extrachromosomal DNA molecules which carry

antibiotic resistance genes (50). Plasmid molecules are

cleaved with a suitable restriction enzyme' and double

stranded DNA is inserted into the restriction site. Plasnids

are used to introduce and arnplífy foreígn DNA in bacterial

hosts (s1).

The pucl-l-g plasmid and E. coli strain l,fvl-L93 bacteria

were supptied by Dr. A.M. Spence. The pUCLi-9 plasnid carries

the arnpicillin resistance gene, beta-lactimase. The plasrnid

also carries the beta-galactosidase gene, into which a

nultiple cloning site has been inserted. Such vectors can

induce formation of blue bacterial colonies when introduced

into l-ac- bacteria and plated on agar containing the

chromogenic substrate Xgal. If the beta-galactosidase gene

is interrupted, by the insertion of foreign DNA into the

multiple cloning site, the colonies remain white.

I{hen subcloning from lanbda, 10 þg of DNA was cut with

the appropriate restriction enzyme, and the digest was

analyzed. by agarose gel electrophoresis. when subcloning from

a plasmid, l-o þg of DNA was cut, and the insert was isolated

from low melting point agarose. fwo micrograms of pUCl-L9
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plasníd DNA was digested with the same restriction enzltmes(s) '

Ligat,ions were performed using a three to one ratio of insert

to vector. A tlpical ligation included L00 ng restriction

digested pUCLL9 DNA, 3OO ng insert DNA, 2 tt| LOX ligation

buffer (0.5 M Tris-Cl, pH 7.5, O.L 14 MgClr, 0.1M DTT' L mglm1

BSA, LO mM spermid.ine, and 1-O nl,f ATP), 2 units T4 DNA ligase,

and sddHrO to 20 ¡t1-. The ligation t{as incubated at room

temperature for four hours, or at l-SoC overnight. The enzyme

T4 DNA ligase will catalyze the formation of phosphodiester

bonds between DNA molecules with compatible cohesive or blunt

ended termini (52).

Bacteria were transformed by the calcium chloride

procedure of Mand.el and Higa (53). A single colony of E. coli

MV1193 \¡tas used to inoculate 30 mI of LB broth' The culture

was giro$tn at 37oC until an optical density (600 nm) of 0'5 had

been reached,. The culture was placed on ice for 5 minutes,

then centrifuged at 2,OOO xg, AoC, for LO minutes. The ce11

peIIet rfas resuspended in 5 mI of cold o. l- M cacl. and placed

on ice for 30 minutes. The cell suspension vtas centrifuged

at 2,OOO Xg, AoC, for 5 minutes. The pel1et was resuspended

in 2 rnl of cold O.L M CaCI, and placed on ice for 24 hours'

For the transformation, l-oo p} of the caclr treated celIs

(competent cells) was mixed with 5 Å¿1 of the ligation mixture,

and placed. on ice for 30-60 minutes. A transformation using

20 ng of uncut puc J-1-9 vector was also performed as a positive

conÈro} to test efficiency of transformation' The cells were
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then heat shocked by placing the tubes aE 42oC for 90 seconds.

Heat shock allows for efficient transformation. The cells

\^rere added to 2 ml of LB rnedia, and allowed to grow at 37oC

for one hour. This recovery period a]Iows the newly

transformed bacteria to express the beta-lactimase gene,

thereby achieving ainpicillin resistance. During recovery, 2OO

pI of an xgal/IPTG mixture (50 ¡^tl 2? XgaI , 20 ¡tI 2Z IF,TG, and

l-30 pI LB broth per plate) was spread on LB agar plates which

contained 1OO pg/mL ampicillin. Two hundred microlitres of

the transformed. culture was spread on a pIate, allowed to dry'

and incubated at 37oc for I4-L6 hours.

Plasmid Minipreparations

This protocol is a modification of the method described

by Birnboim and. Doly (54). white colonies from the

transformations were picked with a sterile toothpick and grol'rn

in 2 mI of LB broth (with LOO ¡tg/mI arnpicillin) at 37oC for 6-

g hours. Àfter incubation, L.5 ml of the culture was

transferred. to an Eppendorff tube and centrifuged at l-6'000

xg for two minutes (the rernaining 0.5 ml of the culture was

stored. at 4oC). The supernate $¡as removed, and the cell

pelIet was resuspended in 100 ¡.11 of glucose-TE buffer (50 nM

glucose, 25 rnM Tris-C1, pH 8-O, and LO mM EDTÀ) ' Two hundred

microlitres of fresh 0.2 N NaOH/Lå SDS was added, the mixture

was mixed and placed on ice for two minutes. One hundred and

fifty microlitres of cold 3 M potassium acetate/1.3 M acetic

acid was ad,ded, mixed and placed on ice for l'0 minutes.
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The mixture !¡as centrifuged. at l-61000 x9, AoC, for L0

minutes, and. the supernatant was transferred to a clean tube'

The samples were phenol/chloroform extracted, chloroform

extracted and precipitated with two volumes of ethanol' The

tubes were placed at -7OoC for 1-5 minutes, then centrifuged at

L61000 xg,  oC, for l-O minutes. The pellets were washed' with

70å ethanol and dried briefly under vacuum. The pellets were

then resuspended in 30 ¡.11 TE buffer containing RNase A at 0'3

ttg/ttL. Three microlitres of the DNA was restriction digested

and analyzed' by agarose ge1 electrophoresis"

Larqe Scale Plasmid Preparation

This protocol is a modification of the procedure

d.escribed by Maniatis et aI. (39). Five millilitres of LB

broth, containing Loo pg/mI arnpicillin, l{as inoculated with

the remaining 0.5 mI culture from the plasmid minipreparation'

ALternatively, a single colony of transformed bacteria was

used as an inoculum, and. the culture was grown at 37oC

overnight. The 5 mI culture was used to inoculate 400 ml of

LB broth containing 1-oo þg/þl anpicillin in a two litre flask'

The large culture was grown at 37oC overnight'

The cul-ture lgas centrifuged at 3, OOO X9, 4oC, for l'0

minutes. The supernate was poured off, and the ceI1 pelIet

was resuspended in l-oo rnt sTE (0.L M NaCl, 1O mM Tris-Cl, pH

8.O,andl.mMEDTA).Thece].lsuspensionwascentrifugedat

3,ooo xg, AoC, for l-o minutes. The supernate was discarded

and the pelIet vras resuspended in L0 mI glucose-TE buffer'
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The suspension was split into two tubes and l-o mI fresh

NaOH/SDS I¡Ias added. The tubes \{ere inverted several times,

and placed on ice for Lo minutes. Then 7.5 ml of potassium

acelaEe/acetic acid was add.ed, the tubes were inverted several

tímes,and'placedonice].ominutes.Thesampleswere

centrifuged at 27,OOO xg,  oC, for 20 rninutes to remove

bacterial debris. The supernatants were added to a 0.6 volume

of Ísopropanol. The samples !¡ere centrifuged at 5'000 xg for

20 minutes at room temperature. The pellet was rinsed with

7Oz ethanol and d.ried. briefly under vacuum. The pellet was

then resuspended in Lo mI TE buffer, niixed' with 9.5 g of cscl'

and0.gmlofethidiumbromide(].omg/nI).Thesolutionwas

centrifuged at 2,ooo x9 for L5 minutes at room temperature"

The supernatant was transferred, to Beckman Ti75 guick seal

tubes, and centrifuged at 235'ooo xg for l-8 hours at room

temperature "

Isolation of plasmid. DNA by cscl grad'ient centrifugation

relies on tr,ro rnajor differences between E. coli chromosomal

DNA and plasmid, DNA. First, the E. coli chromosome is much

Iarger than the plasmid DNA moIecule. Second, E. coli DNA is

extracted as broken, Iinear molecules, while plasmid DNA is

extracted. as a covarently crosed, circular morecure (39). The

twotypesofDNAbehavedifferentlywhencentrifugedto

eguilibriurn ín a cscl gradient saturated with the

intercalating dye, ethid.iurn bromide. The closed, circular

plasmid DNA bind.s less of the dye than does the linear DNA'
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Thus, the plasmid DNA bands at a higher density in the CsCl

gradient (Iower in the tube) than does the linear DNA (39).

Two bands can be visualized in the CsCI gradient using short

wave ultraviolet light. The top band is E- coli chromosomal

DNÀ, and the bottom band is the plasrnid OUa (39). The lower

band was recovered. with a 23 gauge needle and 3 ml syringe.

The needle was inserted into the tube just below the band, and

the DNA was drawn out. The l--L.5 m1 of DNA (in CsCl solution)

was added to 3 mI of sddHrO in a fresh tube.

The ethidiun bromide was removed by repeated extractions

with an egual volume of water saturated butanol. The DNA was

recovered by overnight precipitation in two volumes of ethanol

and 0.L volume of 3 M sodium acetate at -zOoC. The tubes were

then centrifuged at L2,OOO x9, 4oC, for 30 minutes. The DNA

pellet was rinsed with 7OZ ethanol and dried briefly under

vacuum. The DNA was resuspended in 500 ¡tI TE buf fer,

transferred, to an Eppendorff tube, phenol/chloroform extracted

and chloroform extracted. The DNA was precipitated by

addition of two volumes of ethanol and 0.1- volume of 3 M

sodium acetate. The DNA v¡as resuspended in 200 ¡.11 TE buffer

and the absorbance at 260 nm was measured. Diagnostic

restriction enzl.me(s), which cut out the insert DNA, !./ere used

to digest L00 ng of the plasmid. Analysis of the digest was

achieved by agarose ge1 electrophoresis'

DNA Seq-uencing

The chain terminating dideoxynucleotide sequencing method
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of sanger et al. (55) v¡as employed for atl insert DNA

seguencing. The double stranded pUCl-L9 DNA was denatured

prior to seguencing. One microgram of cesium gradient

purified DNA was added to Lo ¡r1 of a o.4 N NaOH/o.4 M EDTA

solution. The volume was brought to 20 ¡r1 with sddHtO. The

mixture was left at room temperature for l-0 minutes. The

mixture was neutralized by the addition of 4 ¡lI of an acetate

solut,ion (2 I,f ammonium aceEaEe/2 Nf, acetic acid) . Ethanol

precipitation followed, and the DNA pellet was redissolved in

L4 ¡tL sd.dHro. The DNA hras divided into two tubes, one for

forward and one for reverse pri-mer sequencing. The M13

forward and. reverse seguencing primers v¡ere used with the

pUC11-9 plasmid. A lambd.a gtl1- sequencing primer was purchased

from the Regional DNA Seguencing Laboratory'

The seguencing reaction was performed using a kit

purchased from United States Biochemical Cooperation

(cleveland, ohio). supplied. with the kit is a modified

bacteriophage 17 DNA polymerase which has the trade name

ff sequenaserr. For each Set of four sequencing lanes , I þL of

either forv¡ard or reverse seç[uencing primer (0.5 picomoles/¡'c])

was added to the 7 ¡tL denatured DNA. Two microlitres of 5X

sequencing buffer (0.25 M NaCl, O.2 M Tris-C1, pH 7.5' and 50

mM MgCl.) was added. to the priner/DNA mixture. This mixture

was heated to 65oC for two minutes, then slowly cooled to room

temperature to allow annealing of the template and the primer'

For the labelling reaction, the labelling mix (7 .5 ¡.lM
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dGTP, 7.5 ¡rM dCTP, and 7.5 t/M dTTP) was diluted S-fold with

sddHrO. The Sequenase enzyme l.tas diluted 8-fo1d and stored

on ice. To the annealed template and primer $tas added 1- ¡tL

of O.L M DTT, 2 ttl- of diluted labelling mix, L tt1- of [alpha-
32n1aate, and. 2 pL of diluted Seguenase. The reaction was

mixed gently, centrifuged briefly and incubated five minutes

at room temperature.

For the terrnination reactions, four tubes were Iabelled

G I A, T, and C. To each tube r'¡as added 2 -5 ¡-t'L of the

appropriate dd.NTP termination mix. The ddGTP termination mix

contained 80 ¡iM dcTP, 80 pM dÀ,TP, 80 ¡.tM dTTP, 80 ¡.l,I dCTP, and

8 ¡¡M dd,GTP. The ddATP, ddTTP and ddCTP termination mixes were

identical except for the substitution of the appropriate

dideoxynucleotide.

when the labelling reaction 1ras completed, 3.5 pI of the

reaction mixture tüas added to each of the four termination

mixtures. These reactions were incubated a further l-0 minutes

at room temperature. Then, 4 ¡tl- of stop solution (952

formamide, 20 nM EDTA, O.05å bromophenol b1ue, and 0.05U

xylene cyanol) was added to each tube. The sarnples were

heated. to SOoC for two minutes, then chilled in ice water.

For each sample 2-3 ¡tL was loaded per lane on a 62

polyacrylamid.e/7 M urea sequencing ge]. When extended

Sequence information was reguired, samples were loaded and

run at 17OO volts for 90 minutes. The same samples were

loaded in the next set of lanes, and the gel was run an
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additional 9o minutes.

After electrophoresis sras completed, the ge} was removed,

wrapped in plastic wrap and autoradiographed overnight at room

temperature. The nucleotide sequence of the DNA inserts was

read. d.irectly from the autoradiograph.

The DNA sequence data was analyzed using the IBÏ

Biotechnotogy DNA sequence analysis system (New Haven'

connecticut). sequences were compared to published DNA

seç[uence data using the GeneBank genetic sequence data bank

(carnbridge, Massachusetts) . Predicted protein sequence data

was compared. to published proteín sequences using the DFAST

program (15).
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Results

Isolation and Characterization of cDNA Clones Detected with

the Probasin Antibody

Western blot and immunohistochemical anaJ-ysis, using the

antibody generated to the prostatic probasin protein (R 23),

d.emonstrated. the presence of an immunoreactive protein in rat

brain. In order to isolate the corresponding gDNA, the

probasin antibody was used to immunoscreen a lambda gtl-l rat

brain gDNA expression library. In the first screen,

approximately l-OO,OOO plaques were plated, and' nitrocellulose

filter replicas were prepared. The filters were probed with

the probasin antibody as described in Materials and Methods'

Two positive clones were id.entified'. These clones, desigrnated

clone 3 and clone 4, were then plaque purified'. Purification

of clone 3 is represented in Figure L. Once purified to

homogeneity, single plagues were isolated for each clone. The

phage particles were eluted into sM buffer and used as phage

stocks. Ten plates of phage infected. bacteria, showing

confluent lysis, were prepared for each clone. The phage

particles were harvested, and lambda DNA was isol-ated' Clone

3 and clone 4 larnbda DNA were then subjected to restriction

enzyme analysis.

The cDNA inserts are cloned inÈo an Eco RI restriction

site within the lambd.a lÀac z gene of the larnbda gtLl- vector.

Once the lambda DNA has been isolated, the cloned cDNA inserts

can be excised with the restricÈion enzyme Eco RI. One
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Figure 1.

plaque purification of lambda CDNA clone 3 detected'

with Probasin antibodY.

a) First Screen plaque Iift filter' onto

which approximately LO'OOO plaques had

been transferred. À positive signal for

clone 3 is indicated bY the arrow'

b) Third screen fitter for clone 3' All

plaques show a Positive signal

.demonstrating plague purification is

comPlete "
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mícrogram of clone 3 lambda DNA was restriction digested witn

Eco RI and electrophoresed on a 0.88 agiarose gel. TÌre ge1 was

stained with ethidiurn bromide and a photograph of the ge1 was

taken und.er IIV light. The cDNA insert could not be visualized

in this manner" Five micrograms of Eco RI digested lambda

DNA, when electrophoresed, gave sirnilar results. The two

lambda DNA rrarmsrr could be seen as distinct bands; therefore,

the cDNA ínsert was either too small to be detected' or vJas

not properly cut from the lambda DNA (due to one destroyed Eco

RI site) . Upon examination of the larnbda gt1-1- restriction

ilâp, two restriction sites close to the Eco RI site lalere

chosen to excise the insert. Digestion v/ith Sac I and Kpn f

released a 2.l- Kb fragrment of lanbda DNA containing the cDNA

insert. This fragiment, representing clone 3t was subcloned

into the Sac I and Kpn I sites of the pUCL1g plasmid vector.

This clone was designated pSK 2.L. Competent E. coli MVll-93

bacterial cells $/ere transformed with the pSK 2.L plasmid.

A large scale plasnid preparation was performed' and the pSK

2.L DNA was isolated in guantitY.

One microgram of clone 4 larnbda DNA was restriction

d.igested with Eco RI and electrophoresed on a 0.8å agarose

gel. The gel v¡as stained with ethidium bromide and a

photograph vras taken under trV light. The 900 base pair clone

4 cDNA insert was subcloned int,o the Eco RI site of the pUCLL9

plasmid vector. The plasmid clone, termed pEE 900, was used

to transform competent E. coli MVLl-93 bacterial cel-Is. A
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Iarge scale plasmid preparation ltas performed, and the pEE

900 plasmid. DNA was isolated in quantity'

The pEE 9OO subclone Was characterized and sequenced

first. The 9OO base pair cDNA insert was isolated from the

pEE 9OO plasmid by digestion with Eco RI, followed by

electrophoresis through a LZ low melting point agarose gel'

The gel was st,ained with ethidiun bromide and the DNA bands

t{ere visualized und.er U.V. tight. The insert gDNA band was

cut from the gel with a scalpel, and purified from the agarose

as described in Materials and Methods. The purified pEE 900

cDNA insert was nick translated, and used to probe a southern

blot of restriction digested rat genomic DNA (Fig " 2a) .

The pM-40 cDNA insert was excised from the pM-40 plasmid

by digestion with Pst I. The 880 base pair cDNA insert was

isolated from low melting point agarose, nick translated, and

used to probe a duplicate southern blot (Fí9. 2b). The

banding patterns of the two autorad.iographs shown in Figure

2 are d.if ferent, suggesting the two cDNArs do not share

genomic sequence information. The exposure for the filter

probed. with the pEE 9oo insert was only twelve hours, while

the exposure for the filter probed. with the pM-40 insert was

three days. The bands on the pEE 9OO probed autoradiogram

are muclr more intense than those on the pM-40 probed

autoradj-ograph, despite the much shorter exposure' This

discrepancy \¡¡as resolved when Sequence detennination allowed

identification of the pEE 900 clone. Nick translated pEE 900
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Figrure 2.

southern blots of restriction digesÈed rat genomic

DNA.

Lane 1- - Bam HI digested rat genomic DNA

Lane 2 - F'co RI digested rat genomic DNA

Lane 3 - Hind III digested rat genornic DNA

Lane 4 - Pst I digested rat genomic DNA

a) Filter hybridized with nick translated

pEE 900 cDNA insert (specific activity of probe

3.7 x 108 dpm/pg DNA; autoradiogram is a L2

hour exposure).

b) Filter hybridized with nick translated pM-40

cDNA insert (specific activity of probe : 3'5

x l-08 dpm/ pg DNA; autoradiogram is a 3 day

exposure) .
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insert cDNA was also used to probe a Southern blot of pM-40

genornic clone fragrments (data not shown) . Specific

hybridization was not detected, suçtgresting the two genes do

not share seç[uence information.

Nick translated pEE 9OO insert cDNA was used to probe a

Northern blot of total RNA isolated from various rat tissues,

including fine dissected regions of the brain. lwo nRNA

species rÀIere detected in all tissues examined (Fig. 3). The

two mRNArs are most abundant in the brain and kidney, and

least abundant in the three lobes of the prostate. The

d.istribution of the nRNA that hybridizes to this probe does

not correlate with the distribution of the immunoreactive

protein detected with the probasin antibody. That is, the

nRNA is expressed in all brain regions examined, while the

immunoreactive protein \^¡as detected in the hippocampus and

the cerebellum.

A partial nucleotide seç[uence of pEE 900 was determined

using the dideoxynucleotide chain terminatj-on method of DNA

sequencing (55). The forward and reverse Ml-3 sequencing

primers v¡ere used to det,ermine seguence from both ends of the

insert cDNA. The nucleotide Sequence \^Ias searched against

published seguences in the Genebank data base. The sequence

obtained. using the forward primer ís homologous with the mouse

mitochondrial cytochrome oxidase nucleotide sequence (56; Fig.

4a). The sequence obtained using the reverse primer is

homologous with the mouse mitochondrial unassigned reading
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Figure 3.

Northern blot of rat, total RNA, hybridized with pEE

9OO cDNA insert. All lanes contain 50 pg of rat

total RNA. Autoradiogram is a 16 hour exposure.

Lane L-dorsalprostate

Lane 2 - lateral prostate

Lane 3 - ventral Þrostat,e

Lane 4 - tesLes

Lane 5 - kidney

Lane 6 - brain

Lane 7 - cortex

Lane 8 - medul-l-a

Lane 9 - hypothal-amus

Lane 10 - cerebellum

Lane l-1 - hippocampus
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Figrrre 4.

a) Nucleotide homology of pEE 900 cDNA sequence,

obtained with the Ml-3 forward seguencing

primer, with the mouse mitochondrial cytochrorne

oxidase gene.

b) Nucleotide homology of pEE 900 cDNA sequence

obtained with the Ml-3 reverse seguencing

primer, with the mouse mitochondrial URF 2

gfene.
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a

pEE 900 Sequence From
M13 lo:*¡ard Primer

Mouse Mitochondrial
Cytochrorae oxidase

^a 
t^ña t^^G aFa añFÀ^ñ^vëg¿l.ulv¿ Au&rgÄgrg

1^IV
*

TTCTACTCTT

20
*

30
*
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*

^1ñ^F^ñF^^srugåf ggu

ètt¿
*
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*

68L2
*

oó¿¿
*

TcgTAtgCTT CÀÀCaÀÀttT AGAÀTGÀCTI Cå,TGGCTGCC

<^
*

60
a *

80
*

on
*

1n^Àvv
*

^tia^^11^-9æ9gf.s99CCCCACCTTA CCACACATTC G.A.A,G.å.A,CCTT CCTATGT.A.AÀ AGTTA.AÀTAÀ

O<'JZ
*

rl0
*

oö> ¿
*

6842 6852
**

oöoz
*

oö I ¿ oöö¿**
^-^^^d^-ñA 

È-A^l^lññ^ F^-F^l^^-â 
^^ñañ-ñlal 

l^ñâlllñaa 
^aaaFñaa^^vuwgðvgq¿õ ugðvêvê¿¿v gåvgl'uugq4 ug¿ð¿glffi ðg!ffiIË gffiugffig-g

ATTCG.åACCC CCTAC.A.A.CTG ^mmr^t^1õô ^añññô1mÎ4g¡rt9¿.4999 m¿¿¿sÅæ CCATTÀTGTC TTTCTCÂÀTA

t20
*

o>v ¿
*

1?n
*

*

1/1 
^*

150
*

O>J¿
*

x

o>+¿
*

6922
*

a ^ñ^^a1 õ^^ 
^Añ1^t 

t-fr^ -ñññ^^ ^^^^ 
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^^+^ñañFñ^ 
ñññ^ñ^a aña
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b

pEE 900 Sequence From
M13 Reverse Primer

Mouse Mitochondrial
URF 2 Gene

CTACACATTG GÀTTAÀTCTT

4292 4302
**

cTgcAcATaG GAcTtATtcT

30
*

ACTAACATGA C.AÀ.à.AAATTG

43]-2 4322
**

ICTIÀCATGÀ CA.AÀåÀATTG

tô
*

20
* r

Ê^
*

CTCCACTATC AÂTTCTAÎAC

4332 4342
**

CTCCCCTÀTC .AÀTTTTAAt*.

l1^
IIU L¿V

**
TCGCAATTTC ÀTC.AGTCTÍT

4392 4402
**

TaGC.AÀTTAC TTCIATTTTC

170 180
**

À.AÀTCATACG ATACTCATCA A.AT

4452 4462
**

À.Aå,TtATÀgc cT.e,tTcATCA AÀ1

OU
*

q^tu
*

^a iñmññañ^uË¡ r À ¿Õ¡9

A 1Ê.4

*
^r l -ññml^^wq¿¿!Õv9

80
*

ai^ñ^FnaaalËu¡99¿ffi

4JO¿
*

¡alâ.T|¡ t^rn¡ À À

on
*

1nô
*

cccÂ-A,clArc ACCACCATTC

4372 4382
*a

CTCTACTATC Attt'*-aATaC

1,tñ
*

1rn
tÉ

4412 4422
**

1tr^ 1Áô
**

4432 4442
**

GTTGGCGCCT GAGGAGGÄCT TAACCAGACC CA.Aå'CACGAÄ

aTaGGgGCaT GÀGGAGGÀCT T.AACCAaÀCa CA-AÀtÀCGAÀ
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frame two (URF 2) nucleotide sequence (56, Fig. 4b). At the

time the search was performed, the nucleotide sequences of rat

cytochrome oxidase and URF 2 were not represented in Genebank.

The partial nucleotide sequence of pEE 900 was compared to the

pM-40 cDNA seç[uence using the fBI computer homology search

program. No homology between these two cDNÀrs was found. The

amino acid sequences of mouse cytochrome oxidase and URF 2

were compared to the predicted amino acid sequence of probasin

using the DFÀST computer homology search program. No homology

v/as detected. Since the pEE 900 and pM-40 cDNA clones

appeared to be unrelated, the complete nucleotide sequence of

pEE 900 was not determined.

The plasmid clone pSK 2.L contains the larnbda DNA

sequence which serves as the annealing site for the lambda

gtJ-l- sequencing primer. Nucleotide sequence of the pSK 2-L

cDNA insert was determined by the dideoxynucleotide chain

termination method (55) using the larnbda gtLl- seguencing

primer. The pSK 2.1 cDNA is 95 base pairs in length, and the

nucleotid.e sequence was searched against published seguences

in Genebank. The nucleotide sequence of the pSK 2.1 cDNA is

homologous with the nucleotide sequence of the mouse

mitochondrial URF 2 gene (56; Fig. 5). The nucleotide

sequence of the pSK 2.L gDNA was compared to the pM-40 cDNA

sequence using the IBI computer homology search, and no

homology vras found. Only one of the six possible reading

frames for the 95 base pair cDNA insert encoded an
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Figure 5"

Nucleotide homology of pSK 2.1 cDNA seç[uence,

obtained with the lambda gtL1- sequencing

primer, with the mouse mitochondrial URF 2

giene.
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ro 20 30 40
pSK 21 Sequence From * * * *
i¡rnhda priier C.AÀCC.A-A.TAA CATACTÀCTC AÀCATAÀTÀC ÍCåTTTCÀCT

4188 4198 4208 42]-8
MouseMitochondrial * * * *
uRF 2 Gene a-AÀCaÀå.cgg tcTtaTccTt ÀÀc.A,TAÀcAt TaÀTagCcCT

50 60 70 80 90
***rt*

ÀGCCATAAA.ê, CTTGGACT.A.G CCCCATTCCA CTACTGACTÀ CCCGÀ.è.GTCÀ CCCAÀ

4228 4238 4248 4258 4268
*****

.A,ICCÀTA.A.AÀ CTAGGCCTCG CCCCATTCCÀ CTTCTGå,ITA CCAGAÀGTAÀ CtC.â'À
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uninterrupted amino acid sequence. This predicted amino acid

seçnrence corresponds to the amino acid seç[uence of the mouse

URF 2 protein. However, since the lambda gt1-l- system may

allow expression of one of six possible reading frames, all

six predicted amino acid sequences (prernaturely truncated or

not) hlere compared to the probasin predicted amino acid

sequence. No homology was found using the DFAST computer

homology program.

The 3r terminus of the pSK 2.L cDNA insert maps to

nucleotide position 4,273 of the mouse mitochondrial gienome.

The 5r terminus of the pEE 9OO cDNA insert. maps to nucleotide

position 4,283 of the mouse mitochondrial g'enome. Thus, both

clones contain URF 2 sequence, however there is no overlap of

nucleotide sequence between the two clones. Since these

clones appeared to be unrelated to M-40 either at the

nucleotide or amino acid level, further characterization v¡as

not pursued.

Library Screening with the pM-40 cDNA

The probasin antibody was used to detect an

immunoreactive protein in rat brain. This suggests a protein,

similar to probasin, is expressed in the brain. Conservation

of amino acid sequence between two proteins may reflect a

conservation of nucleotide sequence between the correspondi-ng

nRNAts. Following this logic, the pM-40 cDNA insert was used

to probe Northern blots of brain RNA and to screen the lambda

gtlL rat braín cDNA librarY.

57



Northern blots containing 50 ug of rat brain total RNA

were probed with nick translated pM-40 cDNA insert at sOoC,

55oC, and 6OoC (aqueous) . Final nrashes were performed in a

solution of o.2x SSc and o.Lå SDS at sOoc, 55oc, and 6ooc.

Although no distinct band was detect,ed, the 5OoC hybridization

and wash conditions were chosen because background

hybridization was reasonably low (data not shown).

In the first library screen, approximately i-00'000

plaques were plated, and nitrocellulose filter replicas were

prepared. Filters were probed with nick translated pM-40 cDNA

insert under reduced stringency (sOoC, agueous). The plague

filters were probed under reduced stringency because the

degree of conservation at the nucleotide leve1 was not known.

The filters were washed at sOoC in a solution of 0.2XSSC/O.Lå

SDS and placed on film for an autoradiographic exposure. If

the non-specific background hybridization v¡as unacceptably

high, the filters vJere \^¡ashed again at increased temperature

and a second exposure was t.aken. Several potential positive

plaques were detected, isolated, and rescreened. None of the

positive plagues from the first screen hybridized to the

pM-40 gDNA probe in the second screen. A further 2OO'000

plagues v¡ere plated, transferred to nitrocellulose, and probed

with the pM-40 cDNA insert. Positive clones were not

det,ected. This approach to isolate M-40 related clones was

not successful.
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Isolation and Characterization of Genomic Clones

Primer extension studies performed in this laboratory

provided data which suggested the presence of an M-40 like

mRNA species in rat brain. An l-8 base oligonucleotide,

generated against pM-40 exon one sequence' vras used for primer

extension with RNA from various rat tissues including rat

brain. Experiments performed with RNA from the three lobes

of the prostate resulted in the predicted 105 and l-09

nucleotide extended products. An extended product was

detected using rat brain, kidney, and liver RNA that was

approximately 8O nucleotides longer than the extended products

seen with prostate RNA (data not shown). This data suggests

the presence of an inRNA in rat brain that is related to the

M-40 nRNA, but which has additional information at the 5 |

terminus.

The pM-40 cDNA insert was nick translated and used as a

probe to screen a larnbda Charon 4A rat kidney genomic DNA

library in an attempt to isolate 5' pM-40 genomi-c clones. In

the fírst screen, approximately 200,000 filter bound plaques

\¡rere probed and two positive clones l/ere identified. Clone

9 and clone 13 were then plaque purified. Isolation of clone

g is represented in Figure 6. The two purified lanbda phage

clones were gro\¡¡n in guantity, and the lambda DNA LIas

isolated. Restriction enzyme analysis for both clones was

performed using five restriction enz)rmes, alone and in

combinations of two. The digests tlere electrophoresed on 0.6å
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Figure 6.

Plaque purification of lanbda genomic clone 9,

detected with the pM-40 cDNÀ insert probe.

Both autoradiograms were ex¡losed overnight.

a) First screen plague lift filter, onto

which approximately l-0 r 000 plaques had

been transferred. The positive signal is

indicated bY the arrow.

b) Fifth screen filter, all plaques show a

positive signal, indicating plaque

purification is comP1ete.
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ag'arose gels, stained with ethidium bromide, and photographed

under IIV Iight. From the photographs, the DNA fragments vrere

sized by comparison against molecular weight markers. The DNA

fragi'ments v¡ere transferred to nitrocellulose and probed with

the pM-40 cDNA insert. From the autoradj-ographs, fragments

which hybridized to the M-40 cDNA were determined. This data

vJas analyzed, restriction maps for the two clones were

determined, and the two clones hrere found to be identical.

The clones contain 8 Kb of M-40 genomic DNA sequence,

including exon seven and 3 Kb of additional sequence at the

3' terminus of the pM-40 genomic clone (Fig.7). The 6.2 Kb

Eco Rf-Eco RI genomic fragi'ment, containing exon seven and the

extra 3 Kb of sequence, was subcloned into the Eco RI site of

the pUCl-19 plasmid vector. The plasmid clone, pEE 6.2, was

used to transform conpentent E. coli MVll-93 bacterial cel-Is.

Since the genomic fragment contained 3 | information and not

the desired 5 | information, the pJ-asmid clone ltras grown in

guantity and stored for potential future use.

Isolation and Characterization of a cDNA Clone Detected with

an Oligonucleotide Probe

The pM-40 exon one oligonucleotid.e used to detect the

longer primer extended product with rat brain, kidney and

liver RNA was used as a probe for Northern analysis.

Initially, the optimal hybridization temperature and washing

conditions were determined. Duplicate Northern blots of brain

and kidney total RNA (5O pg per lane) were hybridized with the
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Figure 7.

Restri-ction map of ranbda genomic crone g,

showing overlap with the pM-40 genomic cr-one.

Shaded box denotes location of the
pM-40 exon 7. The 6.2 Kb Eco RI Eco RI
plasmid subclone is designated pEE 6.2

B-Bam HI

E-Eco RI

H-Hind IIr
P-PsI I
S-Sal I
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end labeIIed oligonucleotid.e probe at 37oC and 42oC (aqueous) .

The final washes vrere performed in a soÌution of 2X SSC and

O.I,Z SDS at 37oC and 42oC. A very faint band was d.etected with

brain RNA on the autoradiographic exposure of the Northern

blot probed at 37oC (d.ata not shown) . The background, non-

specif ic hybridization was minimal. The larnbda gt1-1- rat brain

cDNA library fil-ters hrere therefore probed and washed at 37oC.

Approxj-mately L00, 000 plagues were plated, f ilter
replicas \¡¡ere prepared and probed with end label1ed

oligonucleotide. One positive plaque, clone 15, was

identified and purified (Fig. 8). The lanbda phage was girown

in guantity and the DNA isolated. A 2.L Kb cDNA insert was

excised from the lambda vector DNA with Eco RI and subcloned

into the Eco RI site of the pUC1l-9 plasmid vector. The

plasmid clone, pEE 2.I, was used to transform competent E.

coli bacterial cell-s. A large scale plasmid preparation

provided DNA for cDNA insert isolation and restriction

digestion analysis.

Isolated pEE 2.1 insert DNA was nick transl-ated to probe

a Northern blot of nRNA from various rat tissues (Fiq. 9).

The nRNA is most abundant in brain, followed by liver, kidney

and diaphragm muscle. The nRNA was not detected in the other

tissues examined, including prostate. The pEE 2.1- insert

cDNA was restriction digested with Pst I, Hind III, Xba I, and

Eco RI , alone and in cornbination. The digests v/ere

electrophoresed in agarose gels, the gets tüere stained with
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Figure 8.

Plaque purification of larnbda cDNA clone 15,

detected with oligonucleotide generated against

pM-40 exon one nucleotide sequence.

Hybrid.ization \^ras performed at 37oc in the

hybridízation buffer described in Materials

and Methods. Fina1 wash was performed at 37oC

in 2 X SSC and 0.13 SDS for L0 minutes.

Exposure tirnes hrere 4 days for a) and overnight

for b).

a) First screen plaque lift filter, onto

which approximately L0,000 plaques had

been transferred. A positive signal for

clone 15 is índicated by the arrow.

b) Fourth screen filter, aII plaques show a

positive signal, indicating purification

is complete.
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Figure 9"

Northern blot of rat messeng'er RNA, probed with

pEE 2.L cDNA insert. All lanes contain 5.O ttg

of rat nRNA. Autoradiogram is a 2 day

exposure.

Lane 1-dorsalprostate

Lane 2 - ventral prostate

Lane 3 - kidney

Lane 4 - liver

Lane 5 - heart

Lane 6 lung

Lane 7 - diaphragim

Lane 8 - muscle

Lane 9 - brain

Lane l-0 - adipose tissue
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ethidiurn bromide, and photographs were taken under IIV light'.

Sizes of fragments were calculated against molecular weight

standards. The fragrments were transferred to nitrocellulose,

probed with the end labelled oligonucleotide, and an

autoradiographic exposure v¡as taken. From this data a

restriction map was determined (Fig. 10). The 350 base pair

Eco RI/Hind III fragment was identified as showing

hybridization to the oligonucleotíde probe.

The pEE 2.L insert DNA was then digested with Hind III,

as well as Hind TLL/Eco RI. The three resulting fragments

from these d.igests (EH 350, HH g5O, and EH 8OO) were subcl-oned

into the pUCL19 plasmid vector. The three plasmidclones, PEH

350, pHH 950, and pEH 8OO, were used to transform competent

E. coli MVI-1-93 bacterial ceIls. Large scale plasmid

preparations were performed to provide DNA for sequence

determination. The pEH 350 subclone l^¡as sequenced in both

directions using the Ml-3 forward and reverse seguencing

primers. The sequence of the pEE 350 insert contains an L8

base pair stretch of nucleotides that match the pM-40

oligonucleotj-de sequence at l-6 of Lg bases (Fig. LL). A

computer hornology search comparing pEE 350 sequence against

pM-40 sequence d.emonstrated no other homology outside the l-6

pase pair stretch of nucleotides. The seç[uence of pEE 350 v¡as

also compared to published seçluences in Genebank. No hornology

v¡as found to other known genes.
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Figure L0.

Restriction map of pEE 2.I cDNA insert,

asterisk denotes location of sequence

homologous to the oligonucleotide generated

against pM-40 exon one nucleotide sequence-

Plasmid subclones pEH 350, piIH 900, and pEH

850 are shown beIow.

E-Eco RI

H-Hind III

P-Pst I

X-Xba I
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Figure l-L.

a) Nucleotid.e sequence of pEH 350 subclone

showing the single uninterrupted open

reading frame. Seguence homologous to

pM-40 exon one oligonucleotíde probe is

underlined.

b) Sequence of underlined region showing the

two base mismatches (1ower case letters)

with oligonucleotide sequence'
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Library Screening with an Oliqonucleotide Generated Against

Potential Transcriptional Start Site in the pM-40 Genomic

Clone

While examining sequence information of the pM-40 genomic

clone, a potential ne\^I start site for RNA transcription was

found within the f irst intron (fig. L2) . A CA-A'T box and a

TATAA box are followed. by a leader sequence and an open

reading frame encoding seven amino acids. This potential new

first exon is located 60 base paírs upstream of M-40 exon 2"

A 5O nucteotid.e antisense oligonucleotide, spanníng the leader

Sequence and open reading frame' was generated for Sl- nuclease

protection experiments. Messenger RNA from various rat

tissues vras hybridized to the end labelled oligonucleotide

probe. After digestion with sl- nuclease the samples were

electrophoresed on polyacrylamide 9e1s. one experiment

demonstrated. a protected. fragiment in the brain nRNA lane (Fig'

L3). A second, less convincing experiment demonstrated a

protected fragiment r¡iith brain and kidney ¡RNA (data not

shown).

The end labelled oligonucleotide was then used to probe

triplicate Northern blots containing kidney and brain total

RNA (50 pg per lane). The three filters were hybridized at

45oC, 55oC, and, 65oC (agueous). The washes were carried out at

45oC,55oC, and 65oC in a solution of 2x ssc and 0.Lå sDS. No

specific hybridization was seen for any of the filters. The

presence of a signal in the sL nuclease assay, and lack of
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Figure 1-,2.

Location and nucleotide sequence of potential

second RNA transcriptional st'arÈ site within

the pM-40 genomic clone. The CAAT and TATAÄ

seç[uences are shown, as well as potential exon

sequence and corresponding open reading frame.

Underlined seguence represents the seguence to

which the antisense oligonucleotide probe vras

generated.
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Figure 1-3.

SL nuclease protection experiment performed as

d.escríbed ín Materials and Methods. À f ifty

base pair protected fragment is seen in the

lane containing brain RNA. Lanes 1- through 5

contain 20 ttg of total RNA' plus 80 ¡lg yeast

tRNA. Lane 6 contains l-00 ¡lg yeast tRNA. Lane

7 contains l-OO, OOO dpm of undigested

oligonucleotide probe. Autoradiograph is a l-0

hour exposure.

Lane l-

Lane 2

Lane 3

Lane 4

Lane 5

Lane 6

Lane 7

ventral prost.ate

dorsal prostate

lateral prostate

testes

brain
yeast tRNA

undigested Probe

7B



l.\

€

1l)

s
c1

c\t

79



signal using Northern analysis may reflect the sensitivity of

the former assay.

The end labelled oligonucleotide lras used to screen

filter replicas of the lanbda gtL3- rat brain cDNA library.
This approach was tried repeatedly at various stringencies,

however, positive clones were not identified.
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Discussion

Several lines of evidence presented predict the existence

of an mRNA and protein in rat brain that are related to the

prostatic M-40 nRNA and probasin protein. fmmunochemical

analysis of rat brain using the probasin polyclonal antibody

d.emonstrated the existence of an immunoreactive protein. A

larnbda gt1-1- rat brain cDNA expression library was screened

with the probasin antibody in order to clone the corresponding

gDNA. Two gDNA clones v¡ere isolated, subcloned into the

pUCS-19 plasnid vector, and partial nucleotide sequence lüas

determined.

The nucleotid.e sequence of the pEE 9OO subclone is

homologous with the mitochondrial genes cytochrome oxidase

and URF 2 (Fíg. 4). A discrepancy exists between the length

of the pEE 9OO eDNA and the location of homologous sequences

within the rnitochondrial genome. Although the pEE 900 cDNA

is approximately 900 base pairs in length, sequence from the

forward and reverse primers are homologous r¡Iith mouse

mitochondrial sequences which are approximately 2.5 Kb apart.

The difference in size may be a result of a cloning artifact

whereby a portion of the cDNA clone was spliced out. With the

identification of the pEE 900 subclone, the strong signal seen

in the Southern blot shor^¡n in Figure 2a was interpreted as

hybridization to mitochondrial DNA. The larger InRNA species

detected on the Northern blot shown in Figure 3 was

interpreted as hybridization to the cytochrome oxidase nRNA
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t,ranscript. The smaller nRNA species vJas interpreted as

hybridization to the URF 2 nRNA transcript. The nucleotide

sequence of the 95 base pair cDNA insert within the pSK 2.I

subclone is also homologous with the mouse mitochondrial URF

2 gene. However, the pEE 900 and pSK 2.1 clones do not

overlap.

The pM-40 cDNA insert does not hybridize to ei-ther the

pEE 9OO or the pSK 2.1- cDNÀ inserts (data noÈ shown). By

computer analysis, neither the pEE 900 nor the pSK 2.L

nucleotide sequence is homologous with the pM-40 nucl-eotide

sequence. However, since antibody screening of larnbda gt1-1

expression libraries relies on conservation of amino acid

sequence, the sequences of the mouse cytochrome oxidase and

URF 2 proteins v/ere analyzed against the predicted probasin

amino acid sequence. Again, no homology was found" Similar

results were obtained when all six possible reading frames of

pSK 2.1 were compared to the predicted amino acid seguence of

probasin.

There are several possible explanations as to !¡hy the

probasin antibody detected these two cDNA clones. One

possibility is that the antibody artifactually recognized the

fusion proteins expressed in the bacterial system. This seems

unlikely because of at1 the plagues plated, two related clones

v¡ere detected. A second possibility is that alternative

readingf frames are being utilized and are expressed as

I'nonsense proteinsrr. That is, the antibody is not, reacting
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with mitochondrial proteins, but some ner¡, artificial protein.

This may occur in some cases, however clones detected in this

manner would likely be unrelated.

A third explanation has to do t+ith the generation of the

probasin antibody. The antibody was prepared against probasin

protein isolated from a one dimensional protein geI. All
proteins co-migrating with probasin could also have been

purified and used as antigen. The protein product of the URF

2 gene has an estimated molecular weight of 251000 daltons

(57) . This is in close proxirnity of the 20,760 daltons

calculated molecul-ar weight for probasin (9). Thus, the

probasin polyclonal antibody may contain immunoglobulins

specific for the URF 2 protein. This explanation again seems

unlikeIy. !,Ihen the polyclonal antibody r^ras used for

immunohistochemical analysis of brain sections, very discrete

populations of neurons containing an immunoreactive protein

were detected. As weII, the antibody does not react

specifically with proteins in any other tissue examined, aside

from prostate and brain. If the polyclonal antibody had been

raised to the URF 2 protein, detection of discrete cells

expressing probasin or a probasin-like protein woul-d not be

possible, ês mitochondria from all ceIl types in all tissues

would contain immunoreactive protein.

A final possibility is that the subclones pEE 900 and SK

2.I do represent the immunoreactive protein detected in the

rat brain. It has been reported that mitochondrial and
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nuclear DNA share colnmon sequences (58, 59). The human URF

regions, in particular, have homologous Seçfuences contained

in the nuclear genome (60). A protein product of a nuclear

URF 2 gene may be the imrnunoreactive protein detected in rat

brain. The immunoreactive protein hlould like1y be URF 2 and

not cytochrome oxidase because the URF 2 cDNA sequence is

present in both clones isolated with the probasin antibody.

The Sequence of a nuclear form of the URF 2 gene may have

diverged from the mitochondrial gene to yield a protein

detected by the probasin antibody.

A second approach to isolate CDNA cl-ones corresponding

to the brain counterpart of probasin relied on hybridization

to the pM-40 çDNA. The pM-40 cDNA insert does not detect an

nRNA species by Northern analysis hrith 50 ttg total RNA from

various regions of the rat brain (data not shown). This does

not disprove the ex|stence of an M-4Q-like pRNA, but may

reflect a very ]ow abund.ance of the corresponding nRNA.

Alternatively, the brain nRNA may share a linited amount of

homology with the M-40 pRNA at the nucleotide ]eve}. For

example, some members of the alpha-2-microglobulin ligand

carrier farnily have a genomic organization similar to M-40

(8), as \"¡e11 as significant homology at the amino acid leve]

(9). However, homology to farnily members at the nRNÀ leve]

cannot be detected by Northern analysis i^Iith the pM-40 cDNA.

Another possible explanation is that the brain nRNA

counterpart contains some linited number of identical
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nucleotides, as a result of alternative splicing of a

heteronuclear RNA. Àlternative splicing results in diversity

of gene ex¡rression in a number of eukaryotic genes (61). In

this case, the brain ¡RNA rnight be detected by use of pM-40

riboprobe in an RNase protection assay. This approach night

d.etect short regions of identical nucleotide sequence-

The same reasoni-ng presented above coul-d be used to

explain the lack of success when using the pM-40 qDNA to

screen a rat brain cDNA library. The elusive clone(s) may be

of low abundance in a whole brain cDNA library t oE of lirnited

homology therefore difficult to detect even at reduced

strj-ngency.

Primer extension studies hlere performed in this

laboratory using an oligonucleotide probe generated against

M-40 exon one Sequences. These experiments provided evidence

supporting the existence of an rnRNA expressed in rat brain,

kidney, and liver which contains sequences homologous to the

M-40 nRNA. The longier extended product suggests this new mRNA

contains additional seguence at the 5r terminus. A new exon'

located 5 | to exon one of the pM-40 genomic clone, could

provide the additional sequence seen by primer extension.

Isolation of the pM-40 5t genomic clones would allow the

identification of the ne$t exon by nuclease Sl- mapping with RNA

from brain, kidneyr or liver.

The pM-40 CDNA insert \.¡aS Used aS a probe to screen a

larnbda Charon 4A rat genomic DNA library. As shown in Figure
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7, the clones that vrere isolated both contain 3 Kb of

add.itional- 3r pM-40 genomic information. This approach may

have been successful if the oligonucleotide used to detect

the longer extended product had been used to screen the

gienomic DNA Iibrary. Àlternatively, a 25O base pair 5 r Pst

f/Hae III restriction fragment of the pM-40 cDNA (3) could

have been used aS a probe. The use of a 5 | specific probe

would enhance the probability of isolating 5 | pM-40 genomic

clones. As well, screening more plaques would increase the

likelyhood of isolaLing the correct cl-one. Approximately

2OO,O0O plaques were screened while at least 300r000 plagues

should. be exarnined to ensure complete representation of the

mammalian genome.

The oligonucleotide generated to pM-40 exon one sequence

was used to probe the larnbda gt11- rat brain cDNA library. One

positive clone vJas ídentified, purified, subcloned, and

characterized. Northern analysis using the pEE 2.L subclone

as a probe (Fig. 9) revealed a tissue distribution of the nRNA

which correlates with the d.istribution seen in the primer

extension experiment. In both analyses, the nRNA was detected

in brain, kidney, and Iiver. Expression of this nRNA was not

detected in any of the prostatic lobes.

Restriction mapping and Southern blot analysis with the

pEE 2. l- subclone demonstrated that a 350 base pair Eco RI/Hind

III fragment hybridized. to the oligonucleotide probe' The

nucleotide sequence of the pEH 350 subclone contains an 18
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base pair stretch where L6 nucleotides are identical to the

M-40 oligonucleotide sequence. The remaining seç[uence of the

pEH 350 sublcone is unrelated to the pM-40 cDNA sequence. As

r¡¡eII, the pEE 2.L cDNA insert and pM-40 cDNA insert do not

cross hybridize, substantiating that the tv¡o cDNArs are not

related.

The size of the product detected in the primer extension

study (approximately 1-90 nucleotides), and the position of the

homologous sequence within the pEH 350 sublcone (starting at

nucleotide position 226ì Fig. 11) are in close agreernent.

Thus, this cDNA clone appears to represent the nRNA detected

by the primer extension experirnent using the pM-40 exon one

oligonucleotide Probe.

The novel start site within the pM-40 intron A (Fig. ]-2)

may function as an initiation point for a new nRNA. This new

nRNA may contain some M-40 sequence by way of altered spicing

of a heternuclear RNA. The 50 base oligonucleotide generated

against the potential ne!,¡ RNA was used in S1 nuclease

experiments. Those experiments demonstrated a protected

fragrnent v/ith brain, and possibly kidney RNA. However, when

the oligonucleotide was used as a probe to screen the larnbda

gtl-1- rat brain cDNA library, ro positive clones \Á/ere

identified.
The positive signal seen in the sl- nuclease assay may

represent a real nRNA transcript expressed in the rat brain

and possibly kidney. Assuming the SL experimental results
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are real, the lack of success in library screening may be due

to several factors. The oligonucleotide probe did not

hybridize to an nRNA species by Northern analysis, therefore,

the nRNA may be of low abundance. A low abundance nRNA would

also be under-represented in a cDNA library, thus difficult

to detect. Another difficulty is that the probe t¡as generated

to the very five prime end of the potential nRNÀ transcript.

Thus, the probe would only recognize a fuII length cDNA copy.

The braín cDNA library l^¡as generated using randorn prirners,

increasing the likelihood of generating fuII length cDNÀrs.

However, the positive signal in the S1 nuclease

experiments may represent a rrpseudo-transcripttt . That is, a

heteronuclear RNA transcrípt incorrectly initiated at this

site (personal communication with Dr. P. cattini). An

incorrectly initiated RNA molecule may be degraded rapidly,

thus never coding for an expressed protein. Alternatively,

Lhe positive signal may represent an incomplete digestion of

the probe. This seems unlikely because a positive signal was

seen with brain in two separate experiments. Incomplete

digestion of the probe would be expected to occur randomly,

therefore giving false positive signals with other RNArs. If

the Sl- nuclease results were artifacLual, the lack of success

in library screening would be the proper result.

Several practical considerations could be considered to

increase the possibility for success of this project- one

rat brain cDNA library vtas employed for aII the methods of
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probing described. A rat brían library purchased from a

different supplier or generated in our laboratory may have

yielded the probasin-like cDNA clone. By using a whole brain

cDNA Iibrary, there is a reduced potential for representation

of an ¡RNA from the hippocampus and/or cerebellum. The

protein, therefore the nRNA, is expressed only in select

neurons within these two brain regions- Thus, the

representation of this mRNA in a whole brain library would be

diluted.. Maniatis, €t al, (39) suggest that for a low

abundance mRNA, approximately l-7O,OO0 cDNA cl-ones shoul-d be

screened. While screening the whole brain cDNA library,

lOO,OOO - 2OO,OOO cl-ones v/ere plated for each probe. Although

this represents a thorough search, the dilution of the nRNA

in whole brain may have lead to a deletion of the cDNA from

the library during arnplification. The use of hippocampal of

cerebellar nRNA for preparation or a cDNA library could

dramatically increase the abundance of the probasin-1ike

clone. From these libraries, the plating and screening of

l-OO,OOO 2OO,OOO clones would most likely result in the

successful- isol-ation of the elusive clone-

A second approach to improve possibility for success

would be to characterize regions of the pM-40 cDNÀ best suited

for use as a probe. The pM-40 eDNA insert could be

restriction digested and the smaller fragments could be

isolated for probes. Alternatively, oligonucleotides could

be generated against various regions of the cDNA for use as
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probes. The restriction fragrments or oligonucleotides could

be used in Sl- protection experinents with rat hippocanpal or

cerebellar RNA. The fragment and/or oligonucleotide which

consistently produces a positive signal could then be used to

probe a hippocampal of cerebellar cDNA Iibrary.

The prirnary evidence supporting a probasin-Iike

protein/nRNÀ expressed in rat brain is the identification of

an ímmunoreactive protein in the brain. Immunostaining of

the probasin-like protein localizes the protein to the

nucleus, dend.ritic tree, and axon terminals of the mossy fiber

neurons and the Purkínje cells. This cellular localization

may imply a transporL function for the protein. In light of

the known homology between the probasin protei-n and members

of the alpha-2-microglobulin protein farnily (9), the probasin

antibod.y may be recognizing a protein fanily member.

Some corollary evidence supports this conclusion. The

odorant binding protein is involved. in the translocation of

odorant molecules to olfactory receptor neurons (25). The

mossy fibers are located in the hippocampus, which is involved

with olfaction (2g). As weII, the mossy fibers have a high

zinc content (30, 31), which correlates with the high zinc

content of the prostate. Olfactory dysfunction typically

involves zinc metabolism abnormalities (26). Zinc is involved

in regulation of probasin gene expression (4). Expression of

the probasin-like protein may also be regulated by zinc.

If the probasin-like protein is a member of the alpha-2-
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microglobulin protein fanily, houtologies between family

members may provid.e the proper probe for cloning the cDNA'

Conserved amino acid seçßlence between probasin and closely

related farnily members could be used to generate peptides for

ant,ibody preparation. The antibody could then be used to

clone the cDNA from an expression library. Alternatively,

perhaps oligonucleotides generated against the pM-40 cDNA

sequence would. be of sufficient homology to isolate the

probasin-like gDNA from a hippocarnpal or cerebellar cDNA

library.
The best, evidence in support of a probasin like protein

in the rat brain is the immunochemical- data. A protein is

recognized in a discrete populations of neurons by the

probasin antibody. As weII, the antibody recognizes a 40-60

kDa protein in brain by l.Iestern blotting" Recently, Matuo has

shown that a probasin monoclonal antibody recognizes a 2O kDa

protein purified. from the rat brain by heparin affinity

chromatography (personal communication with Dr. R'J' Matusik)'

Thus, êD immunoreactive probasin prot,ein does exist, however

its identity remains elusive. This protein may function in

zinc homeostasis within expressing neurons or may have a role

in zinc neurotransmíttion. Alternatively, the protein may be

a ligand carrier for some as yet unknown ligand. The role of

the immunoreacLíve protein in neuronal function could not be

determined in this studY.
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Amino Acid

APPENDIX

Sing1e Letter Amino Acid Codes

Code Amino Àcid Code

AT,ANINE

ARGTNÏNE

ASPARÀGINE

ASPARTIC ACÏD

CYSTEÏNE

GLUTAI,ÍTNE

GLUTAMIC ACID

GLYCINE

HISTTDINE

ISOLEUCINE

A

R

N

D

c

o

E

G

H

I

LEUCINE

LYSTNE

METHIONINE

PHENYLAI,ANTNE

PROLINE

SERTNE

THREONÏNE

TRYPTOPHÀN

TYROSINE

VALINE

A

K

M

F

P

S

T

w

Y

V
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