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A c¢DNA encoding the prepro--polypeptide of mouse f-hexosaminidase (Hex) was isolated from a mouse lymphoblast

cDNA library. The cDNA contains an open reading frame corresponding to a polypeptide of 536 amino acids which

shows 74% homology with the human prepro-g-polypeptide. An examination of the amino acid sequence identifies a puta-

tive signal peptide and five possible glycosylation sites, two of which are identical to the confirmed glycosylation sites

of the human f-chain. The amino acid sequence also shows a structurally similar though not identical site for internal
cleavage responsible for the generation of mature f§,- and f,-polypeptides.
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1. INTRODUCTION

B-Hexosaminidase (Hex) is a lysosomal enzyme
that catalyses the hydrolysis of GM; ganglioside
and a variety of other molecules containing ter-
minal N-acetyl hexosamines. The human enzyme
occurs as two major isozymes, Hex A (@(8.6v)) and
HexB (2(8a6b)). The mature a-subunit consists of a
single polypeptide chain. The mature A-subunit
consists of two nonidentical polypeptides, 5. and
By, formed through proteolytic cleavage of the pro-
B-precursor in the lysosome [1]. We and others
have previously reported the isolation of genomic
and cDNA clones encoding the o- and S-subunits
of human Hex [2-6] and defined the sites of pro-
teolytic processing and glycosylation generating the
mature a-, Ga- and Gp-polypeptide chains [7-9].

In mammalian species, Hex is expressed in all
tissues. However, differences in the tissue-specific
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levels of Hex have been reported and regulation by
steroid hormones has been suggested [10-12]. In
order to study the expression and regulation of Hex
at the molecular level, we have isolated a cDNA en-
coding the mouse S-subunit.

Here we report its nucleotide sequence and a
comparison of the deduced amino acid sequence
with that of the human a- and #-chains.

2. MATERIALS AND METHODS

A mouse lymphoid cell line (70Z/3) ¢cDNA library, con-
structed in Agtll, was screened for Hex sequences with a 1 kb
cDNA fragment (pHexB43) encoding the human S-subunit
[4,13]. Filters were washed at a final stringency of 0.1 xSSC,
0.1% SDS at 55°C. The library screening, RNA isolation and
Northern blot analysis were performed as described {4]. The
isolated cDNAs were subcloned into pBS (Stratagene) and
restriction mapped. Sequencing was performed using the Se-
quenase kit (US Biochemical) according to the manufacturer’s
instructions.

3. RESULTS AND DISCUSSION

Northern blot analysis of mouse liver RNA using
pHexB43 as a probe revealed the presence of a 2.0
kb mRNA (not shown) indicating that the clone
could be used to isolate mouse @ Hex cDNA. Ap-
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Fig.1. Northern blot analysis of mhex54 with human fibroblast

RNA. Total cellular RNA (20 xg) from Tay-Sachs disease

variant cell lines GM2968 (lane 1) and GM595A (lane 2), a nor-

mal cell line (lane 3) and Sandhoff disease variant cell lines 1954

and 1039 (lanes 4,5, respectively) was hybridized to the mouse
cDNA clone.

prox. 10° plaques from the mouse fibroblast cDNA
library were screened and seven positive clones
containing inserts > 1.7 kb were isolated. One of
them, mhex54 was selected for further analysis.
Because of the considerable homology (55%) be-
tween the human o and & clones [4], Northern blots
of total RNA from Tay-Sachs and Sandhoff
disease cell lines (previously shown to have no
detectable mRNA for the a- and G-subunits of
Hex, respectively) were used to confirm the identity
of mhex54. The mouse cDNA hydridizes to a 2.0
kb mRNA in the Tay-Sachs cell lines (containing &-
subunit mRNA) and not to mRNA from Sandhoff
cell lines (containing a-subunit mRNA). This con-
firms the identity of mHex54 as coding for the g3-
subunit of the mouse enzyme (fig.1).

The complete nucleotide and deduced amino
acid sequence of mhex54 cDNA are shown in fig.2.
The nucleotide sequence contains an open reading
frame (ORF) of 1608 bp encoding a polypeptide of
536 amino acids starting from the first Met residue
(see below) through to a TAG termination codon.
The 3'-untranslated region of 130 bp contains a
polyadenylation signal (AATAAA) preceding the
poly(A) tail. Since the ORF continues to the
5'-end, the possibility of additional coding se-
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quences cannot be completely ruled out. However,
we suggest that the first Met residue likely cor-
responds to the site of translation initiation
because: (i) the site aligns closely with the proposed
initiation codon (fig.3) of the human prepro-@
polypeptide (fig.3) [8]; (ii) the sequence preceding
the ATG (CAGTCATG) is a close match to the
consensus sequence (CC{A or G}CCATG) found
near initiation codons of eukaryotic mRNAs [14];
and (iii) as for all glycoproteins, the amino acids
following the ATG in mhex54 form a characteristic

signal peptide sequence with potential cleavage

sites at residues 23:24, 24:25, and 28:29 (S=17.6,
8.2 and 7.7, respectively) [15].

A comparison of the deduced amino acid se-
quence of the mouse cDNA with those of the
human a- and #-subunit ¢cDNAs is presented in
fig.3. The overall nucleotide and amino acid se-
quence homology is 78 and 72%, respectively, for
the mouse and human A-subunit cDNAs. The
mouse #- and human a-subunit cDNAs show 59
and 51% identity, respectively. We have previously
identified the glycosylation sites of a- and G&-
subunits of the human enzyme [9]. Glycosylated
asparagines appear as a part of the consensus se-
quence Asn-X-Ser/Thr, where X can be any amino
acid except Pro or Asp [16]. In the mouse S-subunit
sequence, there are five possible glycosylation sites
(fig.3). Two of these, at positions 186-188 (NES)
and 323-325 (NTT) are identical to the confirmed
glycosylation sites of the human A-subunit, sug-
gesting that the mouse protein is likely glycosylated
at least at these sites.

In the lysosome, the human pro-@ precursor is
processed to &a and B, polypeptides by an internal
cleavage which removes 3 or 4 amino acids [9]. We
considered whether a similar cleavage might occur
in the mouse sequence. Examination of the amino
acid sequence of mouse Hex reveals lack of
homology at this site (fig.3). However, there is an
overall maintenance of positive charge, hydro-
philicity and secondary structure across the region
suggesting that the mouse polypeptide might also
be subject to such a cleavage. To determine this, a
small amount of Hex from mouse kidney was af-
finity purified as previously described for the
human enzyme {1]. An examination of the reduced
protein by SDS-PAGE revealed the presence of
two bands corresponding to the positions of
human &. (~26 kDA) and 4, (30 kDa) (not



September 1988

FEBS LETTERS

volume 237, number 1,2

‘pautjJapun st 3)is uonej uspesjod

YL "Uopod uoeuILId 33 ST (0Z91-819] uomsod) OV, “(ZI-01 uonisod) paiysiysiy st uopoo uoneniul saneind AL "UONIANP ,£ 01 ,§ UI SINPISAI PIoE
ourwE pue 3p1o3PNU AIBdIpul WS Y} UO SIqUINYN “ISEPIUMUILSOXIY-g ISNOW 10} JUOD YN JO 30uanbas pioe outure pasnpap pue aprodpnu sy 7 3ig

96L1

€Lt
6ES

26G1
Zes

[4:1 At
1434

89¢€T
9sh

[4TAS
81F

ovIT
08¢

9201
(423

216
pot

86L
99¢

789
82¢

0LS
061

9Sh
Zst

(423
A%}

8¢z
9L

it
21

YYYYVYYYYYIOILLOIVYDIIVOI VLI IILOIYOOTYYIVEY

IIIIIIIIIOID95YIIOILIVOVYIIVYYIOLVOIVYYOLOLIVOLIOIVYIIYOLYLOOVIOIIVIOWIVIIIOIVYOVOVDLOVYOVIVIVYVVYIVYOVOLVIOVVIOL
»xxOTISATUSYNTD2ATUsYsKD

OVILVYODLOVIVIDIOIOOYYOVYIDLOOVIYYOOLOII9YIIOOIVYIVIOIIDIIYIDIDIDDDLOVIIVYYIVL IOSLVVVVOVIIOVYOLIVILOLOVYYVYLIODDOVOOLILD
1AL AT9IYLIAnoT01quToRTYRTYaTIATObIVIaS TeAIONDIYSADDays THTPARTYNOTDIYsATIAIeTYusyYnTona1dsYIYITeAIYLsATo1dIagd1ine]

VOVOVILODLIOLIDIDYYID99ILIIDIVIIVOVYOIDIOYDOLIOOVYIOVYIDLVOOLOLLIVYOYOODLOLOIDLLIOVYOVIDLOOL LV ILODLOVYOVYVOVIOVVYIVD
BaynToATOTeAR VISR TYDIVOId10NOTIsATIosdsynaTusyIyle TvdsyTeAdUdnToATod110a1sAor TYNTOATOATODTI TRANSTUTDSATUTDSATNTD

LOLO9OVVYILLLIVYILIDI09VOLIOVYYOVIOVIOVVVYYOOLOVOVYIOODIYIOOVILIVYILIOVOVIIOVIODLIOOLODLILILIDIVIOOIOIDILIODLILIDOVOY
19gATOnToayqusynaToagnioTeasATiA1L1usysA1dadsyuToAToIAIagoTIna1dsynoT1A1dI10I1deTYISSNaTaTIRTVOIddYdATOILSATOIYL

JLOVVYIOVYVIIOVOLYIVOL LY LLYDOVOLOVOYVYIOLOIOVYOILOVIOVIOVIOODIIDVYILLIOVIDLOOVY IVOLVYOLLLLIOVVOVVYIOOLLLOLIYIDLOVYOVYOVY
TRAUTOSATNITNTDIALI0SIALS THNTDIBSSATdIL TRANTOTRATRAIYLATD0IdUTONSTIN[DTeASATdSYdsSYaUdTReANTOUTOdI L TRARTI195UsysATsAT

VILOOIVOLLIVIIVVYOOLLLLYOVYVYYIIVIVIILIOOILYYOVIOVOVYOVLILIVOOOVIDOL LLODOOVYVOVOVYOLYOLLLOOVYIDLYOVVYIDLVYVYOLYIODDL
N9T19SI9SaTI2TINTONITITISATSATRTIIALaudaasnToONaTbIybavayddsviasA199YdATosATbIysATI9ROYJATOUTHITIUSYOIJusyIageTyday

IOI¥VYOLLIVYOVYIOVYOLYOVYOOVODDLIOVIDIVYOLIOVILVOVIOOLILOIDLOVIOVILYYYOVVYVOLLLLIVOVOVVYLELOLLVOOLIVIODVYIVIVYYLOLOVVYIOOVD
sAouT9aYdnTOTRARTOdSYATDATONOTS THOTIAYJUTHAdSYOIdOYd TRAIDSIDSSTINTOSATIYJaYJIYIUSYIUJOUdRTYIALIYLIYLUusYTRATIYToaddsyY

Y191009991L1I9IOVYILOVVYYLOYVYYVYYIIVYOVLIOLYIOOIOVY IO L IOV YV YOVIVOOVVYYIDODOL LOLOVIVOVLYIIDDL DDV LVOLLIVOOYIOVIVILD
TeACIdATORUdTRAUTDIYLSATIyLsATuTousYIALSA0adIynalnaqusysATuInAT9sATATOdILI9gUTDIYLSTHATDOIJIYLASYDYJATOOIJOTITRA

VOOLIVYDOOVDIDLI9DI3IDIVIOVIDLIDIOOIVIDIILOILYOIVYVIIVIVIVIIIOLYIIDLOLLLOLOVI DOV OOOVYIVVIOVVILOOVILIOLLLLOVIOVILOVOVD
bi1yoTIAT96ayNaTOIYe TYIALNTONST[RAIONDIVIRAdSYUSYO1dIYLIALTRAS THADSNOTIASIALISGATDSATUSYIBSNSINTHOIGDYJIYLIYLIBSUTD

LYILODDLILOIOVIOVOIVODILOVIVIVIODLOVILLOIIOIVYILIOVVIVYIILLOODIYOODLVODLOIOVVYVYLLLLLYYOVOVYILOLIDDLIDLIIVOVOVIOLYOY
1K10139YdaasuTodsydsyVTRASTISTHAILS THNAT TRAUSYIYdSATusYaydeTVIeNeTYdsynaTiylsATaydaTIaylsATTeno1dnaInaIs THbIvIasIyg

IVOLIVYIILIVYOOVOVILYOLOODLIVYOOVIDLOLIVOL OOV IVIOYIOIVYOLYYOLVOOVILLLOVOODDLILOLOVOVY IOV L LLOVLLOVIOOVILLOOVOVOVLLLIOD
dsyoaT1INaTaTIATHO6IYS THOIdaUgbayo1d1agdsyeTyaTII9SIaSNTOUSYRT IIYLOUJIYLATOOYJI8SdSYUTOIAL TRANSTUTHIDSIYJIYINTOHNSTATD

VOOVLIDIOVDOOOLILDIOVIVYIDDOVYILIDLOIIDVIOVIOVYOVYIVIOLIODIIIDL IVLIOVYVOIYOVILLOLOLOIOVIOODLIODLOVIIDLOVIVILOVOILD
baynaTe [¥ATOdIL TPAISSUSYRTYSATNOTTRARTY RACIdNTOUTOTRANSTNSTIASIALIYINTOdSYISSIagNaTIRgoIdoYdIasnTosAonToiasnona]

JOYLLYIDLIIODLIOJLIOVYOVIILLOVOVIOOVDIIOVOILLIVOVLIOOLIDI99IVILYOVOVOVYOVLIOLLLOOL LI LLOLYIOVYOVLILIVLYDID9DLLLOOOOVYOONVD
IYLOTIISTRANSINITS ATUTONDTUTORTYNTORTYDIYaUdbaye [YoIdATOS THS THOIVS AT1AToudAT9oyd1eATALUSYIALIALBaYbIVOUdRTYRTOUTD

YI0910921209100L 1220999 IDDVIVIILIVYIIDIOVIVIOVOILVYIOVILIIOVOOVOOIDDDLDIVIOVIOLIDLDDDIDIDDLLOIVOVIDILODDIDD29I0D0L 1000991
naTnaT19ssAD19501dATORTYAIYLI9SUsSYoIdaass THdsYaT118sayddsynToe TyIasaTI1ALnaTno1bI1vo1dayd I9HU TOTeATIdsbayo1daydoaddi]

Y12909LI0VYODLIVOD32992I03099L9VIDI2991092I12IOVID92L9LDDL0DI99¥IHILIDIIDLIDLIDDDID0309DIDYILOIDIDIILOVIDIDDLYILOVIOVID
N TeTYOIquToONSTHIVe TVOIdeTYTRANSTeTYNSTISSTRPANTISSTRANSTRYUTONSTNO TN INITATHOIJCTYIBSDIVOIJIaSUTDOIJIBNTBARTYATD

193



B R Uit Bt et Sliid

ureyd-goidaxd asnow ay3 10j asuanbas saneind ay3 pue [L1°g] mc_ouo.a uewny 3y) 10§ saduanbas apnidad [eudis sy] *( ) ‘paydew st yunqns apndadLjod g
UBWINY 3y} JOJ 331 3FBABID [BUISIUT Y], "UMOYS I SI)IS UONRIASOOA[S (=) pauLijuod ay1 pue (-) aanend 3y *(:) Aq parousp st AS0jowoy ‘SaWAZOST uewny
i yo sepudadAjod oidaid-g pue -» 3y3 JO 350U} YIm () SSepIUTWIBSOXIY-g dsnow jo ureyd g-01daid ay3 Jo seousnbas pre ounwe jo uostredwo) €81

September 1988

FEBS LETTERS

Volume 237, number 1,2

Emezowwﬂwq mogHQM§Um§BAMQN<QQZO&>

...................
...................

H&zmwzowwswqmoﬁuﬂ0&m>2mom=>§&»42mqoa>

aom.mmon._o.mwsyzqm0¢0>0mmqamom_mmqumwihaqaw_H.

Q&m SMTIIOAYSIAMTI mgaﬂsmgﬂuﬁwwHhAO&O&OHQ@hQﬂ&E%M&&SQS»mH.HQ.H;% STIAAIDSYIAYSTITIX -~ |¢me~3>m>Hawm

...................................... HE - TesiststtsstY ¥ 5k H H HEH -

............ . e s v e s eee T e IR . IR
------------ - oIz 33 HE S . . seeeees H

TANSMTYIIVAVYOVI AMTI A ININAAXIOMROVIDD H>Eommawmgm§hasamwwm DANTAMAVSTIVIIOVALIATITINRANAJL om.mgoH ILad

gaogmogHmwaHhﬂHHQEOHN.mmquvmhnawhwxomz.moo.ﬁ&mzwﬁzozhgmowwﬂmH&OQmgmmHN&hhaaqhm»BBz.HamzH mwhmoama&m

.................. s s e see es eses s e R ER IR
............ : HE I A - s $oss L s el HEE I e H

ooooooooooooo ve o .

e s s eees e . s sie:
------- H HE S HE IR I A

. .
HER A - H HR HE I

ngogmogwxwwww\ﬁ QA.HHOHM& SATONIAIDIONMNEINIAOITANSAMOLIAATADODTHTRAIAIIAS m>mghhﬁmz.mm»§mmz>mw.mhww dasos

»U&kdﬂomgstmqamwmaahmmngOmgwm“ngosz;m -STSASOMNSTIJILISOX m.mmonnSH HMHTANDINIVNY Q.H..—.&AH Hgmawmmmaaﬁ

ooooooo T Py IEERS s se e .. te: s e e e s
....... IR saac : LA HIRY HE S-S B b T o i H sieeas

MU&BAQO&H&&USWABEO&BQ&E&megmeEx\EOﬂth:a\Ezwmwvmmz..hmm_mn:mwm»mhmmogﬂmsmgdmz»gaﬂsoqum mqmqwmmwm.ao

HqmemmmxmmaHammzHa.mao»mnotﬁommamqwmiwgmzﬁ?gmgﬂa»mmammHzm.aaommoqaHm>aqoo>o§<o.mm§mmm§»mw.mH»o

.« .
................................................ S S s 3 H ss e

.......................

TTIOYHAINdIGIIATANT JJLOTVSHMATOSALATOYTYOMAL IS TTTOOAANT HABNZEWNAB JTONDOJLANSAATANNATIHIMOITAJYAMSDSOITIA

HAYY AW mmqqhowmwam SH mHMhzmmﬁmAAZmBgmq mA dMTYdd mKﬂmbw ggghgqajﬂgém&mﬂwﬂooqmz

.................
.................

.H.Hmm.md mogqmommmiﬂﬂzm SHAI m_momzmH EAAM&&ZO\rmmm_m §2m0§>gm>ﬂg§0§mm0!

[~}

[-=]

3

[.<]

8

[-=]

B

[-<]

g

194



Volume 237, number 1,2

shown), indicating that the proteolytic clip does oc-
cur. The exact site of processing has yet to be deter-
mined.

We conclude that the 8-subunit of mouse Hex is
comparable to that of the human enzyme and that
it undergoes similar proteolytic and oligosac-
charide processing during its biosynthesis and
delivery to the lysosome.
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