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Summary: A full-length human apo CII cDNA
clone has been constructed by completing the

5' end of an incomplete cDNA with a 44 bp long
synthetic oligonucleotide. This apo CII cDNA
insert was cloned into the pSP19 expression
vector and transcribed and translated in vitro.

Its N-terminal signal sequence (23 amino-acid
residues) was accurately cleaved during cotrans-
lational translocation through endoplasmic reti-
culum membranes to yield the mature apo CII.

Mature apo CII was expressed on a preparative
scale as fusion protein apo CII-3-galactosidase

with the full-length apo CII ¢cDNA integrated
into the pUR291 vector. Furthermore it was
expressed in E. coli transformed with the
pKK233-2 apo CII clone. The preform was ac-
curately processed by the host cell.

C-Terminal apo CII deletion mutants generated
by partial Bal31 digestion of the pKK233-2 apo
CII vector yielded well-defined truncated apo
CII polypeptides on a preparative scale which
allowed the determination of the polypeptide
domain responsible for the activation of the
serum lipoprotein lipase.

Expression von normalem und mutagenisiertem Apolipoprotein CII in

procaryotischen Zellen.
Struktur-Funktionsbeziehungen.

Zusammenfassung: Durch Vervollstindigung des
5'-Endes eines humanen Apo-CII-cDNA-Klons
mit Hilfe eines 44 bp langen synthetischen
Oligonucleotids wurde ein kompletter cDNA-
Klon konstruiert. Diese Apo-CII-cDNA wurde
in den pSP19-Expressionsvektor kloniert

und in vitro transkribiert und translatiert. Ihre
N-terminale Signalsequenz (23 Aminosiurereste)
wurde wihrend der cotranslationalen Transloka-
tion durch Membranen des endoplasmatischen
Retikulums korrekt zum reifen Apo CII abge-
spalten.

Das reife Apo-CII konnte im priparativen Maf3-
stab als Fusionsprotein mit p-Galactosidase
nach Insertion der vollstindigen Apo-CII-cDNA
in den pUR291-Vektor erhalten werde.

Weiterhin wurde der cDNA-Klon in £.-coli-
Zellen exprimiert, die mit dem pKK233-2-Apo-
CII-Klon transformiert waren. Die Priform
wurde durch die Wirtszellen exakt prozessiert.

C-Terminale Apo-ClI-Deletionsmutanten, die
durch partiellen Bal31-Abbau des pKK233-2
erzeugt wurden, fithrten im priparativen Mafs-

Abbreviations:

apo CII, human serum apolipoprotein CII; ELISA, enzyme-linked immuno-sorbent assay HTGL, human hepatic
triacylglycerol lipase; LPL, human serum lipoprotein lipase; NaDod80,, sodium dodecyl sulfate; PAGE, polyacryl-
amide gel electrophoresis; VLDL, very low density lipoprotein class; dsDNA, double-stranded DNA; cDNA, com-
plementary DNA; BSA, bovine serum albumin; ER, endoplasmic reticulum; Mops, 4-morpholinepropanesulfonic acid.
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stab zu definiert verkiirzten Apo-CII-Polypepti-
den. Hierdurch war eine Bestimmung derjenigen
Polypeptid-Domiine im Apo-CII méglich, die fiir

die Aktivierung der Serum-Lipoproteinlipase
verantwortlich ist.

Key words: Apo CII cDNA/in vitro transcription-translation/cotranslational translocation and processing/expression
in E. coli/mutagenized apo CII and LPL activation properties.

Serum apolipoproteins function as lipid binding,
solubilizing and carrier proteins. In addition
they are responsible for other important func-
tions such as extracellular lipid homeostasis,
cellular lipid metabolism and maintenance of
lipid structural membrane elements. Apo C
polypeptides, particularly apo CII, play a key
role in the regulation of the enzymatic activity
of serum lipoprotein lipase (LPL)!"?! Unlike
the hepatic triacylglycerol lipase (HTGL)!?4
the lipoprotein lipase (LPL) reaches its optimal
lipolytic activity only in the ternary complex
consisting of the VLDL or chylomicron particle
LPL and apolipoprotein CII. Although the de-
tails of the enzymatic mechanisms within this
complex are not understood certain domains of
the 79 amino-acid residues long mature apo CII
poly[:)epticlelsl seem to be involved in triacyl-
glycerol, fatty acid and heparin binding whereas
the C-terminal region between residues 43 to 79
has been suggested as the LPL-binding and ac-
tivation domain!®". The isolation and charac-
terization of apo ClIl-specific cDNA clones!®-11
and the subsequent elucidation of the apo CII
gene organization and its allocation to chro-
mosome 19q13!128! confirmed the amino-acid
sequence of the mature form and in addition
revealed that the primary translocation product
carries a 23 amino acid N-terminal signal se-
quence.

Protein engineering of apo CII by site-directed
mutagenesis, expression of the mutated apo CII
gene in procaryotic cells, its isolation and puri-
fication should permit the detailed study of the
afore-mentioned functions of the apoprotein
with its key function in the lipolysis of chylo-
micron and VLDL triacylglycerols.

In this report we describe the construction of

a full-length apo Cll-specific cDNA clone, the
in vitro expression of the apo CII ¢cDNA cloned
into the pSP19 vector, the expression of apo CII
as fusion protein with -galactosidase when
cloned into the pUR291 vector and of the
mature apo CII cloned into the pKK233-2 vee-
tor and its isolation on a preparative scale.
Bal31 exonuclease digestion yielded several apo
CII mutants truncated at the C-terminus. Six of
these mutant apo CII cDNAs were characterized
and expressed on a preparative scale in E. coli.

In structure-function correlation studies the apo
CII polypeptides were compared with respect to
their serum lipoprotein lipase activating proper-
ties in the in vitro assay.

Materials and Methods

Apo CII was isolated from human serum VLDL by
HPLC and isoelectric focussingl14] followed by electro-
elution and used for antibody production in rabbits.
The IgG fraction was isolated by (NH4 ), SO4 precipi-
tation and DEAE Sephacel chromatography!15],

The decapeptide Asp?-Thrl® of the mature human apo
CII was synthesized by the Merrifield solid-phase syn-
thesis method!16], coupled to hemoeyanin!17] and used
as antigen. Antibody titers were determined with the
ELISAl18],

Lipoprotein lipase activity was assayed following a
modified procedure described by Ehnholm et al.[19]
and Schotz and Garfinkel[20], Radiolabelled triolein
was used as substrate.

Recombinant DNA techniques

Standard techniques such as subcloning, the treatment
of DNA with restriction endonucleases, Ba/31 exo-
nuclease, DNA polymerase, DNA ligase and the screen-
ing of Agt11 libraries, colony screening, large scale phage
DNA preparation and plasmid isolation were applied(21],

A human liver Agt11 ¢cDNA library was screened and the
positive apo CII clone rescreened with a 45™MeT oligo-
nucleotide coding Met58-val74 as hybridization probe.

Oligonucleotides were synthesized by the solid phase
phosphoamidite method on an Applied Biosystems
model 380A oligonucleotide synthesizer[22].

The double-strand sequencing technique with the ap-
propriate synthetic primers!2324] and the dideoxy
chain-terminating method for DNA fragments subcloned
into M13 phage vectors(25] were used.

The five synthetic oligonucleotides required for the
completion of the apo CII cDNA at the 5' end were
mixed in an equimolar ratio, 5'-phosphorylated, hy-
bridized (5 min 100 °C, 15 min 65 °C, | h room tem-
perature) and ligated.

This dsDNA sequence was ligated to the Avall 5’ end
of the incomplete apo CII cDNA (bp 65-442) with its
3’ Hpall end. The resulting Bam HI-Hpall fragment
comprising the coding region of apo CII was cloned
into the pUC13 vector, Fig. 1.

The (A prejapo CII ¢cDNA mutant was generated for in
vivo expression from the pSP19 apo CII clone by
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linearization with Avell, partially filled in with dTTP
and dGTP and then restricted with HindIIl. The
truncated apo CII cDNA was isolated and purified by
electrophoresis through 1% agarose onto a NA 45 mem-
brane (Schleicher & Schiill, Diiren) and after elution
ligated into the pKK233-2 plasmid which had been
restricted with Neol before and partially filled in with
dATP, dCTP, dTTP.

Southern blot hybridization

DNA fragments, separated by electrophoresis through
agarose gels, were transferred to a Gene Screen mem-
brane (NEN) and hybridized under conditions recom-
mended by the manufacturer(26],

Hybridization analysis of RNA

RNA synthesized in vitro was denatured in 50% form-
amide/2.2M formaldehyde at 68 °C for 5 min and elec-
trophoresed through a 1% agarose gel containing 2.2M
l'orrnaldehydeu”. RNA was transferred to Gene Screen
Plus membranes for hybridization or direct autoradio-
graphy when a labelled precursor was used.

In vitro expression

a) Transcription

Transcription in vitro with the pSP system[28] was
carried out as described beforel22]. pSP19 apo CII was
linearized with Pstz] and transcribed in the presence of
m7G (5') ppp(5')G with SP6 polymerase (Boehringer,
Mannheim) to the capped mRNA.

b) Translation

Aliquots of the apo Cll-specific mRNA were used for
priming the reticulocyte lysate or wheat germ system
(Amersham) for in vitro translation in the presence of
[3%S]methionine under the conditions used before(30-32],
The in vitro synthesized polypeptides were analysed

by NaDodSO,4 PAGE and viewed by fluorography and
autoradiography,

¢) Immunoprecipitation

For immunoprecipitation of apo CII from in vitro trans-
lation assays either monospecific antisera, the IgG frac-
tion isolated by (NH4), 804 and DEAE Sephacel chro-
matography or anti apo CII decapeptide IgG were used.
Anti apo CII antibodies were purified by affinity chro-
matography on a decapeptide Sepharose CL-4B col-
umn.

In vive expression of the apo CII gene in E. coli

An overnight culture of the pKK233-2 apo CIl clone in
JM105 or W3110 in LB medium was grown after 1:100
dilution in M9 minimal medium (200 pg/m/ Ampicillin)
to Aggg = 0.5, then induced with IPTG (final concen-
tration 10~%m). The labelled precursor [35S]methionine
(15 pCi/ml) was added and cells harvested after 5 min,
4 and 16 h. The reaction was stopped by the addition of
NaNj (0.1M) and methionine (10~3M),

Protein isolation

Cells were sedimented by centrifugation, washed three
times with buffer (0.5M NaCl, 0.5% Nonidet P40,
5mM EDTA, 50mM Tris/HCI, pH 7.5, | mg/m/ BSA),

resuspended in 25mM Tris/HCl, pH 8.0, 50mM glucose,
10mM EDTA and after addition of lysozyme (4 mg/m/)
incubated for 5 min, briefly sonified and treated with
DNAse I (1 mg/m/) for 30 min at room temperature.
The lysate was heated in the sample buffer for 5 min.

2 m/ lysate was dialysed against 0.1M MOPS buffer
pH7.5at4 °C and adsorbed to 2 m/ anti apo CII Ig
coupled to Affigel-10, filled into a 5 m! plastic syringe,
washed with 0.1M Mops buffer and 40 m/ NaCl;‘POga.
Apo CII was eluted with 4 m/ 1M NH4OH, the eluent
dialysed against 20mM sodium phosphate buffer pH 7.0
and lyophilised for NaDodSO4 PAGE,

Results

Construction of vectors for in vitro and in vivo
expression of apo CII

A 45™" oligonucleotide was used for screening
approximately 6 x 10° recombinant phages of
a Agt11 human liver library!®¥!. An apo CII
c¢DNA clone which missed 44 bp at the 5" termi-
nus was isolated and completed with five over-
lapping synthetic oligonucleotides as outlined
in Fig. 1.

Since the EcoRI site at the 3'-terminal end of
the 350 bp long cDNA insert was defect, a Hpall
site 12 bp downstream from this EcoRI site was

5, 1393 Sgh apocit 3 45
e original clone &
\ §
565 3, 442
I_E: AlB = i shorened =
3 700p 3 g apo ClI :E
W
69 bp puC13
synthetic d
pressquence T

.

presequence
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pUC13
pUCT3

|

E

Fig. 1. Completion and characterisation of human apo
CII cDNA clone.

The 5"-overlapping oligonucleotides resembling the
presequence of apo CII were first ligated and then
linked with the 5 end to the pUCI13 vector and with
the 3’ end joined to the 5'Avall-3'Hpall-truncated apo
CII fragment.

BamHI
Avall
Hpall
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chosen for further subcloning e.g. into the com-
patible Acel site of pUC13. DNA sequence ana-
lysis confirmed the 440 bp long apo CII insert.

a)

kb
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Fig. 2. RNA separation by formaldehyde agarose gel
electrophoresis (1%).
a) Lane 1: transcript of apo CII cDNA cloned into the

BamH]I-Pst1 sites of the multicloning sequence of pSP19.

Radioactive precursor: [a-32PJUTP; lane 2: pBR/Hinfl
DNA marker.

b) Northern blot hybridization of RNAs, Hybridization
probe: labelled 45mer oligonucleotide. Lane 1: human
liver RNA (4340 = 40); lane 2: human liver RNA
(A260 = 32); lane 3: apo CII transcript in pSP19 vector.

The 3’ terminus ends at position 426. Eight bp
of the poly A" sequence are missing but it con-
tains 12 bp of the Agtll sequence.

In vitro expression of apo CII cDNA

Apo CII cDNA was subcloned into the pSP19
vector!?®34 The vector was linearized with
HindlIIl and transcription carried out in the
presence of capping reagent and either [a->?P]
UTP or cold NTPs. The apo Cll-specific mRNA
was separated by 1% agarose gel electrophoresis
and visualized either by autoradiography

(Fig. 2a) or Northern blot hybridization analysis
with the labelled apo ClI-specific 45™" oligo-
nucleotide, Fig. 2b. The size of the in vitro
synthesized transcript was identical with the
apo CII mRNA present in liver RNA.

Priming the reticulocyte lysate or the wheat
germ translation system with the apo CII-
specific mRNA led to a 11 kDa primary trans-
lation product. Translation in the presence of
dog pancreatic ER membranes resulted in prod-
ucts of approximately 9 kDa. These [*3S]-
methionine-labelled products were immuno-
precipitated with anti apo CII IgG for separation
by NaDodSO, polyacrylamide gel electro-
phoresis (20%) and subsequent autoradiography,
Fig. 3.

The electrophoretic mobilities of the primary
and processed translation products proved that
the presequence had been removed during co-
translational translocation by the signal peptidase.

kDa

—_— 14

—--,—— 1

1 2 3 4

Fig. 3. Autoradiogram of in vitro transcribed and trans-
lated apo CII cDNA,

20% NaDoSO4 polyacrylamide gel electrophoresis of
immunoprecipitated products. Lane 1: primary trans-
cript synthesized with reticulocyte lysate system; lane 2:
addition of canine pancreatic membranes; lane 3; primary
transcript synthesized with wheat germ system; lane 4:
addition of canine pancreatic membranes; numbers at
the right indicate positions of marker polypeptides.
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Fig. 4. NaDodSO4 polyacrylamide gel electrophoresis
of E. coli proteins (7.5%), Commassie blue staining,
Lane 1: E. coli IM105 transformed with pUR291 ; lane
2: E. coli IM105 transformed with pUR291 apo CII.
The arrow indicates the position of the apo CII-3-
galactosidase fusion protein at 127 kDa.

This was confirmed by radio sequencing of the
[**S]methionine labelled synthesis products.

Expression of apo CII cDNA as fusion protein
Major amounts of apo CII and its mutant deri-
vatives were required for activation studies of
serum lipoprotein lipase which could not be
prepared by in vitro synthesis.

RBS

Tet pKK233-2

P
O

We therefore cloned the apo CII cDNA insert
first into the BamHI-Pstl sites of the procaryotic
expression vector pUR291033! which leads to
the expression of a fusion protein of apo CII
and (-galactosidase in E. coli and studied its
stability against endogenous proteases of £. coli
and the toxicity of this lipid binding apoprotein
in the host cell. Fig. 4 shows the NaDodSO,
polyacrylamide gel electrophoretic separation
(7.5%) of the E. coli proteins.

It is apparent that besides the 116 kDa f-galac-
tosidase the fusion protein at 127 kDa is also
present in the protein extract of the pUR291
apo ClI-transformed JM 105 cells. The cleavage
of the chimeric protein after secretion through
the cytoplasmic membrane has been postulated
for this phenomenon which has been observed
also with the lysozyme-B3-galactosidase fusion
protein®s!,

Expression of apo CII cDNA as mature
polypeptide chain

A suitable vector for the expression of eu-
caryotic genes in procaryotic cells is the
pKK233-2 vector described by Amann and
Brosius!®®! with the strong IPTG-inducible tac-
promoter,

Fig. 5 outlines the organization of the pKK233-2
apo CII vector with the apo CII ¢cDNA insert
in the Neol-HindlIll restriction site.

Pulse labelling experiments of IPTG-induced
IM105 (lac 1%) in [*3S]methionine-supple-
mented medium and NaDodSO, polyacrylamide
gel (17.5%)-electrophoretic separation with sub-
sequent autoradiography (Fig. 6) revealed strong-
ly labelled bands in lanes 4—6 at the position of
marker mature apo CII from VLDL at 9 kDa
after 5-min-, 1- and 4-h pulses.

Among the proteins of JM105 cells transformed
with wild-type pKK233-2 vector the apo CII
band was missing. The electrophoretic mobility

- 0
= g

, po.Cll B P pKK233-2
I

Sall
BamHI -
EcoRI
Hindlll

Fig. 5. Organization of the pKK233-2 apo CII plasmid.

a =

E &
Abbreviations: P promoter
o operator

RBS  ribosomal binding site
Ti1,T2 terminators of transcription
Tet tetracyclin sensitivity

Amp  ampicillin resistance



1050 C. Holtfreter and W, Stoffel

Vol. 369 (1988)

kDa
= 66
g== 4b
= 36
—_— 29
24
— 20

— 14
— 9

Fig. 6. Autoradiogram of NaDodSO4 PAGE (17.5%) of
pulse-labelled TM105 cells transformed with pKK233-2
vector for 1: 5 min; 2: 1 h; 3: 4 h; of IM105 cells trans-
formed with pKK233-2 apo CII for 4: 5 min; 5: | h;

6: 4 h,

The arrow indicates the position of the mature apo CII
at 9 kDa.

of apo CII within the protein mixture suggested
that the presequence of apo CII was lost in a
bacterial processing of preapo CII. This was
further proven by the purification of the apo
CII fusion protein from the E. coli lysate. The
isolation and purification of apo CII from the
abundant E. coli proteins was achieved by im-
munoaffinity chromatography. Superior to the
purification of apo ClI-specific polyclonal anti-
serum from anti £. coli protein antibodies via
E. coli protein Sepharose 4B chromatography
was the purification of the anti apo CII IgG
fraction by selective adsorption to an apo CIT
peptide Affigel-10 matrix.

The results of the two purification methods and
the identification of the product as the mature
apo CII with a molecular mass of 9 kDa is sum-
marized in Fig. 7. The yield of purified apo CII
was in the range of 10—15 ug/m!/ of the station-
ary bacterial culture.

It should be noted that neither by immunopre-
cipitation and subsequent autoradiography nor
by ELISA any apo CII protein could be detected.
All the radiolabelled apo CII was present in the
bacterial lysate in the mature form which was
confirmed by radio sequencing of the mature
form ([**S]Met in cycle 9, not shown).

Construction of an apo CII cDNA clone with
deleted signal sequence and its expression in

E. coli

Full length apo CII ¢cDNA was restricted with
Avall which cuts at position 65 and deletes the

presequence. T and G were filled in the recessed
3" end of the Avall site. The pKK233-2 vector
was cut with Neol. C, A and T were filled in
with T4, DNA polymerase and ligated with the
Avall-HindlIl apo CII fragment.

The result of these cloning procedures are sum-
marized in Fig. 8a which presents the Southern
blot analysis of the pKK233-2 apo CII (A pre)
mutated DNA (lane 1) and of the BamHI-HindlIIl
(A pre)apo CII fragment (lane 2). The nucleotide
sequence of the 5’ end of the (A pre)apo CII-
pKK233-2 clone is documented in Fig. 8b.

Induction and expression of this mutant apo
CII DNA in the pKK233-2 vector was carried
out as for the wild-type. The resulting apo CII
protein appears as a prominent [**S]methionine-
labelled 9 kDa band in autoradiography of the
17.5% PAGE with an electrophoretic mobility
identical with the in vivo synthesized and pro-
cessed translation product of the full length apo
CII cDNA, Fig. 9.

3'-Terminal deletion mutants of the apo
ClI gene

The pKK233-2 apo CII DNA was linearized at
the 3" terminus with HindIII and partially

kDa
-_— 66

— 45

L

- 36

e 29

Fig. 7. Autoradiogram of NaDodSO4 PAGE of 355-Met
labelled JM105 cells transformed with pKK233-2 apo
CIL

Lane 1: Proteins of JM105 cells transformed with
pKK?233-2 apo CII, immunoprecipitated with anti apo
CII IgG purified by E£. coli protein Sepharose 4B chro-
matography: lane 2: as in 1, but IgG were purified by
apo CII peptide affinity chromatography.
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Fig. 8. a) Southern blot analysis of 1: pKK233-2 apo
CII (A pre)DNA and 2: pKK233-2 apo CII (A pre)DNA
restricted with Bam HI-HindI[I.

b) Nucleotide sequence of the 5"-end of pKK233-2

apo CII (A pre) DNA.
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Fig. 9. Expression of full-length apo Cll cDNA (lane 1)
and apo CIl cDNA-deleted signal sequence in pKK233-2
vector (lane 2),

Autoradiogram of [35S]methioninc-labelled proteins of
E. coli IM105 proteins, 17.5% PAGE.

digested with Ba/31 exonuclease. Some parts of
the vector DNA which had also been degraded
had to be replaced. A schematic representation
of this reconstitution is presented in Fig. 10a.
The degraded DNA ranges between 5.0 and

3.8 kb as compared to 5.044 kb of the un-
digested pKKk233-2 apo CII clone, Fig. 10b.

492 colonies with mutated pKK233-2 apo CII
were investigated. Those with deletions useful
for the structure-function studies were selected
with three different 24™e* oligonucleotides

hybridizing to nucleotide sequences coding
Ser®®-Thr®, Thré*-Val™, Leu-GIn™ of the
C-terminus of the mature apo CII sequence and
a 30™" probing the sequence downstream the
stop codon. Six deletion mutants were charac-
terized as schematically presented in Fig. 11.

These mutants were used for in vivo expression
in E. coli JM105 and the proteins assayed for
their activation of serum lipoprotein lipase.

Hindlll restriction of pKK233-2/apo Cll clone

3 Apo Cll 5 pKK233-2
AE T T
= < 5
2 =] 3 E
£ $8s g g £
Bal31 degradation of DNA
Apo Cll
— - —i
et e
— SEE = =
ry 88 a -
Zuam 4
Bal31 Bal31
Completion of mutant pKK233-2/apo Cll clones
Apo Cll
[ } |
= =T
asCE 3 5
2888 z &
o
2
@
= —
= PKK233-2 fragment T _
15 ]
Tl
o
2
@
E
E]
=
kb
— 21.23
- 5.80/5.64
4.88
T 3.63

1 2 3 4

Fig. 10.

a) Deletion mutants of pKK233-2 apo AIl with 3
terminal truncated coding sequences obtained by partial
Bal31 exonuclease digestion,

b) Agarose gel electrophoresis (1%) of 3" deletion
mutanis linearized with HindIIL. 1: pKK233-2 apo CII
linearized with Hindlll; 2: Hindll1-Bal31 30 s;3: 45 s;
4:60s.
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deletion 6 —_—

deletion 4,5 >—p

deletion 1,2,3 >——

5! apo Cll 1 2 3 4 3'

|E= |

T T | T 1

bp 232 256 280 304 327
aa 56 64 72 79

1-4: sites of oligonucleotide hybridization

Fig. 11. 3' Deletion mutants of apo CII

cDNA.

Activation of serum lipoprotein lipase by apo
CII and its mutants

The standardized LPL assay was carried out with
C-labelled triolein as substrate in the absence
and presence of apo CII isolated from VLDL
and from E. coli and the respective mutant apo
CIL

Asshown in the table LPL exerts a basic activity.
However the addition of equal amounts of
native (VLDL) and bacteria-produced apo CII
stimulates the LDL activity by a factor of about
6. The apo CII mutant proteins 1—3 which lack
the C-terminal eight residues stimulate only by
a factor of 2. The deletion mutants 4—6 which
produce polypeptides lacking the C-terminal

16 residues have almost completely lost their
LPL activity-stimulating properties.

These results clearly emphasize the essential
function contributed by the C-terminus of apo
CII as an activator of serum LPL.,

Table. Activation of lipoprotein lipase by apo CII proteins with
deletion at the C-terminus.

Activator Free fatty acids | Factor
[nmol x mi~1 x
h-—l ™
Apo CII of VLDL 649 6.4
Apao CII (purified) of bacteria 601 5.8
Apo CII del. 1 209 2:1
Apo CII del. 2 236 23
Apo CII del. 3 179 1.8
Apo CII del. 4 147
Apo CII del. 5 161
Apo CII del. 6 161
pKK233-2 wild-type lysate 75
(100400 ul)
Test without activator 102

#*

Released from triolein.

Discussion

Apo CII, a 79 amino-acid residues polypeptide,
plays an essential role in lipid transport parti-
cularly of triacylglycerol-rich particles such as
chylomicrons and VLDL. The rapid clearing

of serum from these lipoprotein particles and
their transformation to chylomicron remnants,
IDL and LDL, is dependent on the activation of
serum lipoprotein lipase which normally works
at a low basic activity.

The key role of apo CII in triacylglycerol
metabolism is apparent in natural mutants of
apo CII e.g. apo Clltommo *7! and two other
preliminarily analysed gene defects of apo
CI1B8 which all lead to functionally inactive
apo CII and phenotypically to a hypertri-
glyceridemia.

A set of natural mutants analysed to the molec-
ular level can give ample insight into the func-
tional domains of a protein depending on the
location of the mutation.

However site-directed mutagenesis allows the
probing of functional domains at defined sites
and even the design of apolipoproteins with
particular functional domains or their deletion.

It has been postulated that apo CII normally
isolated from VLDL and recently obtained by
solid-phase synthesis!®** forms a ternary com-
plex with the triacylglycerol-rich chylomicron
or VLDL particle and lipoprotein lipase and
therefore should have a lipoprotein lipase bind-
ing and/or activating site, a triacylglycerol- and
fatty acid-binding site and presumably a heparin-
binding site.

We describe here a first approach to unravel the
functional domain of apolipoprotein CII by site-
directed mutagenesis, the LPL-activating domain
of apo CII. Essential for these studies was the
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expression of the wild-type and mutagenized
apo CII constructs in E. coli and the isolation
of the polypeptides on a preparative scale re-
quired for the lipase assay. Site-specific muta-
genesis of human apolipoprotein E within the
proposed receptor-binding domain by single
amino-acid substitution and expression of the
mutant apo E species in E. coli has been re-
ported recently!#!!,

First we carried out in vitro transcription ex-
periments of the apo CII ¢cDNA in the pSP19
system. Transcription of this full length cDNA
yielded an mRNA identical in size with that in
human liver mRNA. In vitro translation of this
transcript yielded the primary translation prod-
uct preapo CII. In the presence of canine pan-
creatic membranes processing to the mature se-
quence occurred.

Apo CIT cDNA inserted into the expression
vector pUR291 produced a fusion protein of
apo CII-3-galactosidase in £. coli IM105 cells.
This indicates that the apo CII moiety with high
lipid affinity does not interfere with the metab-
olism of the host cell to an extent which would
prohibit its expression. Activation studies of the
lipoprotein lipase require the mature forms of
the wild-type and mutants of the apolipoprotein.
The pKK233-2 vector proved to be a suitable
vector for the production of recombinant apo CII
polypeptides. We succeeded in the in vivo ex-
pression of the apo CII cDNA with the signal
sequence which however is proteolytically
cleaved to the mature form by the plasma mem-
brane of the bacterial host cell as the canine
pancreatic ER membrane does in vitro. This is
an additional example for the comparable
events and specificities in the cotranslational
processing of signal peptides in bacterial and
the eucaryotic cells!*2~451,

Expression of the apo CII cDNA in which the
signal peptide is deleted resulted in the same
product, the mature 79 residues apo CII. Inter-
estingly the apolipoprotein is apparently
secreted into the periplasmic space, since
neither the medium nor the supernatant of

the lysed bacteria but exclusively the pellet

of the lysed host cells contained the translation
products which could be isolated in homoge-
nous form by immunoaffinity chromatography.
Secretion into the periplasmic space has also
been described for chicken albumin!*®!, Purifi-
cation of the IgG fraction of the antiserum by
chromatography over E. coli protein Sepharose
4B is helpful but the best result was obtai ed
with anti apo CII antibodies selectively ex-
tracted from the antiserum by specific ad-
sorption to apo CII peptide Sepharose 4B or
Affigel-10 and subsequent desorption.

With the affinity-purified recombinant apo CII
polypeptides as activator proteins in the serum
lipoprotein lipase assay we could demonstrate
that the activation of lipoprotein lipase by re-
combinant wild-type apo CII is only slightly
lower than with apo CII isolated from VLDL.
Deletion of the C-terminal six amino-acid resi-
dues reduced the activation of lipoprotein lipase
to less than one third. Apo CII truncated by 16
C-terminal residues has completely lost its
activator properties.

Our in vitro deletion mutants of apo CII at the
C-terminal part of the molecule with gene prod-
ucts from residues 1—-72, 1—64 and 156 of
normal apo CII found a correspondence in the
apo Clltoponto, isolated from a homozygous apo
CII deficiency!®”. It contains the normal apo
CII sequence between residues 1—68, with its
C-terminal 11 residues replaced by a missense
hexapeptide. Like the deletion mutants de-
scribed here apo Clltong has lost its LPL-
activating activity.

The approach described in this paper may be
helpful in the elucidation of other functional
domains of apo CII but also of other serum
apolipoproteins since full length-cDNA clones
of most of them are available for site-directed
mutagenesis.
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