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‘Sc.reenmg of two rat hw:r eDNA hbrnries cne of which wis mnnrncted using un a,-mluhitur a1 iipét.‘lﬂc primer, mlded cw:rlappmn eDNA

clones which correspond to the full length eDNA for a,-1) mRNA, On the basiy of sequence microhelerogencity existing throughout the eDNA

sequence we identified two w,-13 IRINA species whose séquences ure so grassly diferent in their bait.regions thut the amino seld homology therein:

is only-30%. Using oligonucicotide probes derived from their respcelw-: bait regions we investigaied the regulation of the two o 13 mRNA spevics
amd demonstraled |h.|t only ane of them, o138 variunt 1, {8 rcgul.ucd prcmuulm:onully fa!lawma Expcnmenm\ly mduﬁed mﬂummntmn
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I. INTRODUCTION

Préteinase inhibitors, reSponSible for keéping the ac~

tivities of proteinases in check (1] are an essential com-

‘ponent - of the serum. The family of rat a-
macroglobuling are proteinase inhibitors which respond‘ :

positively, negatwely or remain unaltered when the
animal experiences trauma, ¢.g. inflammation {2-6}.
An example of a posmve acute phase response is the

several hundred-fold rise in the serum concentration of

az-macroglobulin - [7- 9]. On the other hand, the

‘negative acute phase response in’ the rat is exemphﬂed :

by the 70% reduction in the serum concentration of
_a.-mhlbltor 3 {o;-13) [4,5 10]

In spite of their different regulatory rcsponses all

members of the a-macroglobulin family are thought to

‘inactivate proteinases by a similar, if not the same

mechanism [L1-14]. The point of attack on the pro-
“teinase inhibitor is the bait region where one finds the
highest degree of sequence diversity between the o-

macroglobulins [15]. The proteclytic attack of the
. scissile site(s) on this exposed region of the protein

results in a conformational change of the protein

molecule and causes the attacking proteinase to be se-

questered by covalent binding to the thiol ester site of
the proteinase inhibitor. - The - resulting  pro-

The complete eDNA sequence for rat oi-13 varlant 1 has been assigned
the accession number X352984 and the partial cDNA in pI3¢DNAG for

on-I3 variant 11 the accession number M28287 in the EMBL Data

) Library. -
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‘1einase/proteinase-inhibitor complex is removed from

the serum by association with macrophages. This se-

quence of events has been shown for the human

pey- macroglubulm [1,12] ~ but. - since  all -~ a-

“macroglobulins have a bait reglon and a thigester site

other proteinase mhlbltors may funcnon accordmg to

- Lhe same principle.

" To study the regulation of m-I3 at the molecular level
we isolated corresponding ¢DNA clones for this pro-

‘teinase inhibitor [6]. Sequencing revealed 4 significant
“number of nucleotide (nt) exchanges between the ¢lones

suggesting that there are at least two transcribed «13

- genes. Here we provide conclusive evidence for the eX-

istence of two o -I3 genes, only one of Wthh encodesa

Tnegatweiy regulated acute phase protem

: 2 MATERIALS AND METHODS

DNA and RNA preparatlons and mampula;mns mciudmg con-

" struetion and screening of cDNA libraries were performed as deserib-

ed [6;16~18]. The cDNA sequence data generated were analyzed using

“the UWGCG sequence analysis software package, version 5 [19].

Inflammation was induced il 6-week-old Sprague-Dawley male

‘rats (Ivanovas, Kissleg) by s.c. injéction of 0.4 ml turpentine/100 g

body weight. Thiroughout the experiment animals received water and
normal Jab chow. Altromin Diet' 1324 (4% crude fat by wi; Altrogge,

- Spezialfutterwerk, Lage) ad libitum. Livers: from  anaestlietized

animals were pla:.;d mmednately in hqmd nitrogen and stored at.

For pBAlT 1, two chgonuclcondes correspondmg to nt 2002-2034
¢cf. Fig. 3, upper line) and iis reverse complement were aymhesnzed

S and so exmnded that upon annealing Sa/l and Pl restriction sites
. =yere greated atthelr 5'-and 3/ -ends respactively, This double strand-

«d DNA fragment was ligated into the Ps¢1/5al} restricted pSPT 19

- vector (Boehringer, Mannheim). pBALT ‘1L was constructed accor-
dmg]y using the oligonucleotide correspondmg 1o nt2159-2179 of the

‘Publgshed by Elsevier Science Publishers B.V.
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seqvienée i Fig. 3, Towsr ine (3° COTTCGATTETTCAACTOATAS |

33 Bueeenilul ddoning of the fragments was verified by mquencing.
" The radioastive pHAIT | and pBALT 1T riboprotes abwingd frem
the HamB | lineurized plasmids adeording 1o siandard procedures (30}
were hybridized with nliraceilulose-bound 101l RNA balated from
the livers af contrel and urpentine-treated (19 hy vats, Hybridization

wis performed in $0% Tarmamide, & x 38C, & » Denhardr, 0.1%

‘ %Db, t mgsml herring sperm DNA for pBALT | a1 387C and for
PRALT EL oy 42%C for 20 b The Nlrers were washed twiee a1 Toom
temiperature, theén wiee s 33°C for pBAIT | :md arc for FBAI"!‘ i
ind & 83C. 0 l% D8,

3 RE&ULTS AND DISCUSGION

‘3 l Cloning, sequencing and characrerization of rhe
¢DNA for the two o3 mRNA species

- We have previously deseribed the isolation and
characterization of ¢ONA clones representing B0l -

nucleotides before the poly (A} tail of the mRNA for
‘the rodent negative acute phase protein o-13 [6]. -

~Based: on their sequence microheterogeneity the
twelve e-[3 ¢cDNA ¢lones described here can be divided |

into’ two groups (Fig. 1). The mRNA species from
~.which the clones M7, M37, A22, B4, B12 and B2| have

" been derived has been named ay-13 variant [ and the

. other which gave rise to pI3¢cDNAS [6], M2, M34, M35,

M22, B16 and B25 has been destgnated cey-13 variant IL.
‘The entire «y-13 variant [ cDNA sequence is shown in-
- Fig. 2. The majority of the nt exchanges throughout the -~
- total length of the cDNA, are silent or cause the substitu-
tion of another aa with similar properties. However, the.

sequences of the two species differ pronouncedly about
the middle of tha reading frame. Comparing this region
of &-13 variants I'and Il as represented by A22 and BL6
(cf. Fig. 1) revealed a 33 bp insertion (nt 2001-2034 in

“Fig. 3) followed 86 nt later by a deletion of three nt.,. .

: ‘Directly after this deletion the homology between A22

and B16 fell to approximately 60% over a length of 95
nt. In the following stretch the homology rose to the

“overall value of >96%. The sequence dwergence in
that part of «;-13 that we define as the bait region (nt
1996-2232, Fig. 3) together with the single nt exchanges
throughout the ¢cDNA support the hypothesis that there
are two oy-13 mRNA species. The region of lowest

homology corresponds to the two classes of peptides

isolated and investigated by Sottrup-Jensen: et al. [15]

- when analysing thé complexes formed between «;-13

~ and various proteinases, The rodent proteinase in-

hibitors, &-13, az-macreglobulin [9] and the human.

pregnancy zone protein (PZP) [21] are highly
‘homologous at the aa level but peptide sequence
analysis of the human PZP and the human

az-macroglobulin  [22,23] showed ' that .the regions
responsible for proteinase inactivation. differ in lerigth
‘and aa sequence [15]. Cur results suggests | that'a similar =~

- situation may exist for the two species of a,-I3.
We find the N-terminus of mature o -I3 [3] is ericod-
ed by nt 124 to 169 of the cDNA sequence (Fig. 2). The
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Fig. 1. Relutive j:dsit‘mns of the ovcrlmiping ¢DNA clones for o-13

varjants 1 and [I,: Continuous -open bars reprasent: the complcte -
- leugihs and partial restriction maps of the cBNA for o, -13 varianis 1

and §1, Shown below each bar are the relative locations of tieir.consti- -
tuent cDNA clones.. pi3cDNAG has bcen described previously: [6).

M7, MST, M2, M34, M35, M22 were obiained by sereening e oy I3
- specific library and sequenced over both strands in their cnurety The
hatehed region of M22 represents a cloning artefact, A22 was picked -

up by screening the commercially available library with the correct :

. part of M22 and sequenced in both strands over its full length, The'
-clones of the B-series weére isolated by screening the same library with

the 0.2 kb EcoRI fragmentat the 5 -end of A22, Roth sirands of the
£coRI fragment at the 5'-end of B4 were sequenced, 'B12, B21 and

" B2S were sequenced over their lengths in one strand. Single strand se-
quences of B16 were obtamed fram the 5*-end o the second SamHI -

site, its bait region nnd 400 bdses af its 3'-end

24 aa encoded by nt 52-123 in front of the N-terminus

. fit the overall pattern of a signal peptide in that the
- charged amino acids, e.g. arginine and lysine (positions. -
- -20, -22, -23 in Fig, 2), are followed by a number of
" hydrophobic residues. The residue at -3, alanine, is the
- most common at this position in various signal peptldes

[24].. The thiol ester binding site, diagnostic for ‘a-

macroglobulins, is conserved in both variants (aa @

961-954 in Fig. 2). The receptor recogmtlon sites for
macrophages are located in the C-terminal region of the

- proteinase mhlbltor {14, 251 where - the s‘e‘quence-‘

369
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Fig. 3. Alignment of the bait n:ﬁions from the wi-13 variants { and [l

The portion of the nugleotide sequence of ay-13 ¢DNA variant | from
ne 1978 to 2274 derivad from sequencing of A22 {upper line) is coms
pared with the correspanding nt sequence of e;-13 variant |1 obunine
by sequencing the relevant part of BI6 {lower line; el Fig, 1), The 13
. ;hp deleted in e 13 ¢DNA variang I andd the three nt deleted in o013
) cDNA variant | are nuhcmcd by dots.

homology found in the two a-I3 species also extends to :
‘ez-macroglobuling of human [22,23] and rat [6,9]. Tt

- could be shown that the receptors are responsibie for
. removing proteinase. complexed with either o-13 [Sl or
wz-macroglobulin [13] from the serum.

Excluding the signal peptide o-[3 variani 1 has a

. -calculated molecular mass of 162 631, The discrepancy o

. between this and the published value of approximately
200000 as determined by protein-chémical methods

[4,5,10}. may be accounted for by N-glycosylation at the
13 possible sites we found in the deduced amino acid se-
quence of e -I3, Taking into consideration an oligosac-"

charide content of 15% [10] we caleulated a moiecular
mass of 191 331 for the mature a1~13 vanant I.

3. 2, Regu!atmn of the o,-13 varignts I and If mRNA'

To determine whether or not the reduction in the

Camount of o4:13 mRNA which we documented
previously (6] is due to a swntchmg-off of one or other
or both a;-13 mRNA species specific riboprobes were
“hybridized to filter-bound total RNA from the livers of
normeal and turpentine—tréated rats, As seen in Fig. 4a

the hybridization signal with pBAIT Iin the t19 mRNA -

preparation is only minimal. However, hybridizing with
pPBAIT II we could detect no change in the amount of
'mRNA as a result of turpentine injection (Fig. 4b).
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Fig. 4, Northern blat pnalysis of &,/ 3 mRNA. 20 ug of 1a1a] RNA per

lane prepared from the livers of control {n) and turpentine-treated

{U9) raty were e!ectmpharesed in 0.8% agarese/formuldehyde and

unnsl‘crred 1o nitraceilulose, One half of the filter (a) was hybridized
with pBAIT [ and |he other (b) wnh pBMT II

_iThereFore., we postulate that of‘ the two on-IS mRNA

species only variant I is regulated at the pretranslatlonal :

tevel, Althoughwe could find two transcription starts in. .

normal mRNA corresponding to both «;-13 v&nants._
tire signal for variant I disappeared and that for variant

Il became blurred with RNA: from the livers of

turpentine-treated rats. It could be that the mRNA for

" a@;-13 is ‘more fragile following induction of the acute

phase response, This may explain why only a full length
¢DNA for o;-13 variant [I - the mRNA species least af-

fected by the acute phase response - was found by -
"screening a rat liver acute phase cDNA library with a

hybridization probe for az-macroglobulin [26). “The

other cDNA clones described seem to be scrambled up

versions of o~13 variant 1 since they all contain the se-
guence of variant 1.up to the bait region and one even
contains the insertion of 33 nt characteristic of it. Ac--
cording to that part of the bait region which it contain- .

ed the «:<13 clone isolated by Aiello et al. [27] is a

variant I type. We feel confident in postulatmg thatj
there are only two equally abundant a)-I3 transcripts
since we isolated 6 clones of variant'I and 7 of variant
11. Nevertheless, the possibility of other transcribed:

‘variants should not be dismissed since we ‘have isolated

4 different classes of genomic clones for a;-I3.
Somewhat surprisingly, the spectra of proteinases in-

- activated by variants T and 11 are not as different as one

would expect from the differences in the bait regions
[15]. The fact that variant I does not form a complex
with thrombin correlates well with the regulatory pro- - -
pemes of the variants 1 and II. Thrombin mvnlved in
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the blood clottmg cmcnde [28] can l::e Inacuvated only

by variant I [15]. The down-regularion of ay-E3 variant

[ under conditions of truuma would ensure that the
serum cantcnt of thrombm is mmnmlned
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