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Commercial plasma o,-antitrypsin (Prolastin®) contains a
conformationally inactive, latent component

D.A. Lomas*+, P.R. Elliott*+, R.W. Carrell+

Commercial plasma o-antitrypsin (Prolastin®) contains a conformationally inactive,
latent component. D.A. Lomas, P.R. Elliott, RW. Carrell. ©FERS Journals Ltd 1997.
ABSTRACT: Fractionated plasma o,-antitrypsin is widely-used as replacement
therapy in patients with Z o, -antitrypsin deficiency-related emphysema. We have
recently shown that purified antitrypsin may be induced to adopt an inactive latent
conformation by heating at high temperatures in stabilizing concentrations of sodi-
um citrate. Such a conformation was predicted to be present in commercial prepa-
rations of antitrypsin, as these require heating under similar conditions for viral
inactivation.

Native antitrypsin was purified from plasma, and commercial antitrypsin
(Prolastin®) was obtained from Bayer Corporation. Western blot analysis of trans-
verse urea gradient (TUG) gels showed that commercial antitrypsin migrated as
two bands: one with an unfolding profile of native antitrypsin and the second with
a profile of latent antitrypsin. A latent fraction, comprising approximately 8% of
the total antitrypsin, was separated from the native antitrypsin in Prolastin® by
anion exchange chromatography. The specific activity of this latent form against
bovine o-chymotrypsin increased from 1 to 2% to 50% over 3 h after refolding
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from 6 M guanidine hydrochloride.

These data show that commercial antitrypsin contains a latent component. The
significance of this conformation ir vivo is unknown, although Prolastin® has shown

few adverse side-effects in prolonged clinical usage.
Eur Respir J 1997; 10: 672-675.

Alpha,-antitrypsin is the most abundant circulating pro-
teinase inhibitor and the archetypal member of the serine
proteinase inhibitor or serpin superfamily [1]. The most
clinically relevant deficiency variant, the Z mutation
(3*2GIu—Lys) [2], results in misfolding of the protein
[3], and a spontaneous interaction between the reactive
centre loop of one molecule and a B-pleated sheet of a
second [4-6]. This loop-sheet polymerization accounts
for the hepatic intracellular inclusions [4] that predispose,
in conjunction with genetic factors [7], to hepatitis, cir-
rhosis [8], and subsequent hepatocellular carcinoma [9].
The combination of misfolding and polymerization res-
ult in plasma levels that are only 10-15% of the nor-
mal M antitrypsin. This level of protein is insufficient
to protect the lungs against proteolytic attack, and so
predisposes the Z antitrypsin homozygote to early onset
panlobular basal emphysema [10]. There is no proven
therapy for the treatment of congenital Z anti-trypsin
deficiency-related emphysema, although many patients
receive intravenous replacement therapy based on trials
showing biochemical efficacy [11]. This replacement
therapy utilizes fractionated concentrates of human plas-
ma antitrypsin, that have been pasteurized by prolonged
heating (60°C for 10 h) in the presence of 0.38 M cit-
rate and 37% w/v sucrose.

The molecular structure of antitrypsin, like that of all
serpins, is based on a dominant A B-sheet and a mobile
reactive centre loop [1]. This loop acts as a pseudosub-
strate for the target enzyme neutrophil elastase forming
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a 1:1 enzyme-inhibitor complex, which is then cleared
from the circulation. The mobility of the loop allows
the molecule to adopt a range of conformations (fig. 1),
from the inhibitory conformation [12] that is responsi-
ble for docking with neutrophil elastase to full insertion
of the loop into the A sheet following reactive loop
cleavage [13]. The loop may also be stably incorporat-
ed into the A B-sheet in the absence of cleavage in the
latent conformation, as illustrated in figure 1. We have
recently described a protocol for the preparation of latent
antitrypsin by heating for prolonged periods of time at
high temperatures in the presence of stabilizing sodium
citrate [15]. We show here that the latent conformation
is present in a commercial antitrypsin preparation (Pro-
lastin®, Bayer Corporation) used for the treatment of Z
antitrypsin deficiency-related emphysema.

Methods

Native antitrypsin was purified from plasma [5] and
used to derive the inactive latent, loop-sheet polymer-
ized and reactive loop cleaved conformations using pro-
tocols detailed previously [15]. All the conformations
of antitrypsin were checked by sodium dodecyl sulphate
(SDS), nondenaturing and transverse urea gradient poly-
acrylamide gel electrophoresis (PAGE). Commercial
fractionated plasma antitrypsin used for replacement
therapy (Prolastin®) was obtained from Bayer Corporation,
Berkeley, California, USA.
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Fig. 1. — Tllustration of the reactive loop conformations (bold) in: a) the inhibitory [12]; and b) reactive loop cleaved [13] conformations of
antitrypsin. In the inhibitory conformation, the loop is present as a B-pleated strand that is able to dock with and inhibit the proteinase, neu-
trophil elastase. Following reactive loop cleavage, the molecule is inactive, as the loop is inserted into the A sheet of the protein. ¢) In the latent
conformation of antitrypsin, the reactive loop is fully inserted into the A B-sheet of the molecule in the absence of cleavage [14], as shown here.

Separating latent from native antitrypsin in Prolastin®

The separation of latent from native antitrypsin in
commercial Prolastin® was based on previous obser-
vations that the latent form is resistant to temperature-
induced polymerization [15]. Native antitrypsin (25 mg)
was induced to form loop-sheet polymers by heating at
approximately 2 mg-mL-! in 20 mM Tris pH 8.0, at
60°C for 15 h. The resulting mixture was loaded onto
a Q-Sepharose anion exchange column (22 x 1.6 cm)
at 60 mL-h-! in 20 mM Tris pH 8.6 (4°C), washed to
baseline and eluted with 0-0.4 M NaCl in 20 mM Tris
pH 8.6 (4°C). The latent fraction was characterized as
described previously, and refolded with the denaturant
guanidine hydrochloride [15] in an attempt to restore
inhibitory activity.

Results

Commercial Prolastin® was resuspended in water
according to the manufacturers instructions. The anti-
trypsin concentration was shown to be 32 mg-mL-! by
immunonephelometry, and the preparation was 66%
active as an inhibitor of bovine a-chymotrypsin, in keep-
ing with the findings of others [11]. The protein mig-
rated as two bands on SDS-PAGE (fig. 2, lane 4), the
upper of which (arrowed) was identified as antitrypsin
by Western blot analysis. In addition, there was a minor
band with electrophoretic mobility similar to reactive
centre loop cleaved antitrypsin that was not seen on Coo-
massie stained gels but was apparent when the SDS gel
of Prolastin® was probed for antitrypsin by the more sen-
sitive Western blot analysis. Transverse urea gradient
gel electrophoresis followed by Western blot analysis
for antitrypsin identified a constituent of Prolastin® that
was resistant to unfolding in 8 M urea (fig. 4d), as is
characteristic both of latent and cleaved antitrypsin [15].
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Fig. 2. — SDS-PAGE, 7.5-15% w/v, to show the purification of
latent antitrypsin from commercial Prolastin®. Prolastin® (2 mg-mL-!)
was heated at 60°C for 15 h and the monomers separated from poly-
mers by anion exchange chromatography. The arrows represent the
antitrypsin bands detected by Western blot analysis. Lane 1: mole-
cular weight markers (kDa); lane 2: native M antitrypsin control (5
ng); lane 3: M antitrypsin cleaved with Staphylococccus aureus V8
proteinase (5 pg); lane 4: Prolastin® starting material (5 pg); lanes
5 and 6: adjacent fractions from the monomeric latent peak (L) shown
in figure 3 (5 pg each lane); lane 7: polymeric fraction from the poly-
meric peak (P) shown in figure 3 (5 pg). SDS-PAGE: sodium do-
decyl sulphate polyarylamide gel electrophoresis.

The urea-resistant fraction could not be separated from
the native antitrypsin in Prolastin® on a Q-Sepharose anion
exchange column as both fractions eluted at the same sod-
ium chloride concentration. An alternative strategy was
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Fig. 3. — Isolation of latent and polymeric antitrypsin from Prolastin®
by Q-Sepharose anion exchange chromatography. Twenty five mil-
ligrams of Prolastin® was heated at 2 mg:-mL-! (60°C for 15 h) and
loaded onto a Q-Sepharose anion exchange column. Protein was elut-
ed with a 0-0.37 M NaCl gradient (dotted line) in 15 mL fractions.
L: latent antitrypsin; P: polymeric fraction.

adopted to isolate the latent or cleaved component. This
was based on our previous findings that, upon incubation
at 60°C, both latent and reactive loop cleaved antitryp-
sin were more resistant to heat-induced polymerization
than native antitrypsin [15]. Commercial Prolastin® was,

Fig. 4. — Transverse urea gradient gel electrophoresis, 7.5% w/v, of
conformations of antitrypsin isolated from Prolastin®. The left of each
represents 0 M urea and the right 8 M urea. All gels contain 50 pg
protein. As the protein unfolds in urea it is retarded by the acrylamide
matrix, producing a characteristic profile. a) native M antitrypsin; b)
antitrypsin cleaved at the reactive centre loop with Staphylococcus
aureus V8 proteinase; c) latent antitrypsin prepared as described pre-
viously [15]; d) Western blot of Prolastin® for antitrypsin showing
native antitrypsin and an antitrypsin fraction that is resistant to unfold-
ing in 8 M urea; e) latent antitrypsin isolated from the Q-Sepharose
anion exchange column shown in figure 3, the major band was con-
firmed as antitrypsin by Western blot analysis; f) latent antitrypsin
isolated from the Q-Sepharose anion exchange column (50 pg) mixed
with native antitrypsin (50 pg).

ET AL.

therefore, heated at approximately 2 mg-mL-! at 60°C
for 15 h to induce the native antitrypsin to form loop-
sheet polymers. The unpolymerized latent or cleaved
component was then separated from the polymers by Q-
Sepharose anion exchange chromatography. The heat-
resistant peak, corrected for contaminating impurities,
represented approximately 8% of the total antitrypsin in
Prolastin®, as determined by area under the curve of
the anion exchange profile (fig. 3). Biochemical char-
acterization showed that this fraction contained monomer-
ic, intact antitrypsin that was resistant to unfolding in
8 M urea when assessed by SDS (fig. 2) native (data
not shown) and transverse urea gradient (fig. 4) PAGE
followed by Western blot analysis.

This heat-resistant fraction of antitrypsin from Prol-
astin® was 1.6% active as an inhibitor of bovine o.-chy-
motrypsin. The cardinal feature of the latent serpins is
the restoration of activity following treatment with denat-
urants [15—18]. Refolding of the inactive fraction of anti-
trypsin from Prolastin® resulted in an increase in specific
activity against bovine a-chymotrypsin from 1 to 2%
to approximately 50% over 3 h (data not shown), with
a refolding profile similar to that described previously
[15]. The antitrypsin concentration for this assay was
determined by immunonephelometry (Department of Clin-
ical Chemistry, Addenbrooke's Hospital, Cambridge) to
avoid confounding results from minor contaminants.

Discussion

Alpha,-antitrypsin replacement therapy is widely-used
in some countries for the treatment of patients with con-
genital deficiency to prevent the development, or slow
down the progression, of the associated panlobular emph-
ysema. This is based on evidence of biochemical ef-
ficacy rather than randomized controlled clinical trials
showing a reduction in lung damage. The common source
of replacement antitrypsin is from fractionated human
plasma, which is heat-treated to inactivate viral parti-
cles, such as hepatitis B and the human immunodefi-
ciency virus. Heat treatment of native antitrypsin induces
long chains of inactive loop-sheet polymers [5] and, there-
fore, stabilizing agents must be added to maintain anti-
trypsin inhibitory activity during pasteurization. These
agents prevent polymer formation but permit the heat-
ing process to drive a fraction of antitrypsin to adopt an
inactive, monomeric, latent species, with properties sim-
ilar to those of latent antitrypsin described previously
[15]. The stabilizing concentration of citrate is lower
than we have used to prepare latent antitrypsin but clear-
ly has the same effect when combined with sucrose.

Latent antitrypsin is stabilised by the insertion of the
reactive site loop into the central A B-sheet of the mol-
ecule (fig. 1c). Such a conformation is resistant to unfold-
ing both in urea and guanidine hydrochloride, and is
inactive as an inhibitor of proteinases, such as neutrophil
elastase. As a consequence, this conformation of anti-
trypsin is unable to protect the lungs against proteo-
lytic damage when administered as part of Prolastin®.
The latent conformation comprises only 8% of the total
antitrypsin in Prolastin® but provides an important dem-
onstration that the pasteurization process itself may
induce novel conformational changes that are inactive
as proteinase inhibitors. In total, 34% of antitrypsin in
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Prolastin® is inactive as an inhibitor of proteolytic en-
zymes, and this fraction may contribute to the failure
to sustain adequate plasma concentrations described by
some workers [19]. New strategies to stabilize antitryp-
sin during pasteurization would increase the specific
activity of Prolastin®, with a consequent reduction in
the quantity that has to be administered to provide ade-
quate antiproteinase activity in the lungs.

Acknowledgements: The authors are grateful to Bayer
Corporation for supplying Prolastin® and to the Depart-
ment of Clinical Chemistry, Addenbrooke's Hospital
for determining the concentration of antitrypsin.

References

1. Huber R, Carrell RW. Implications of the three-dimen-
sional structure of o-antitrypsin for structure and func-
tion of serpins. Biochemistry 1989; 28: 8951-8966.

2. Jeppsson J-O. Amino acid substitution Glu—Lys in o,-
antitrypsin PiZ. FEBS Lett 1976; 65: 195-197.

3. Yu M-H, Lee KN, Kim J. The Z type variation of human
o -antitrypsin causes a protein folding defect. Nature
Struc Biol 1995; 2: 363-367.

4. Lomas DA, Evans DL, Finch JT, Carrell RW. The mech-
anism of Z o;-antitrypsin accumulation in the liver.
Nature 1992; 357: 605-607.

5. Lomas DA, Evans DL, Stone SR, Chang W-SW, Carrell
RW. Effect of the Z mutation on the physical and inhibi-
tory properties of o,-antitrypsin. Biochemistry 1993; 32:
500-508.

6. Lomas DA, Elliott PR, Sidhar SK, et al. Alpha,-anti-
trypsin Mmalton (32Phe deleted) forms loop-sheet poly-
mers in vivo: evidence for the C sheet mechanism of
polymerisation. J Biol Chem 1995; 270: 16864—16870.

7. Wu Y, Whitman I, Molmenti E, Moore K, Hippenmeyer
P, Perlmutter DH. A lag in intracellular degradation of
mutant o;-antitrypsin correlates with liver disease phe-
notype in homozygous PiZZ o, -antitrypsin deficiency.
Proc Natl Acad Sci USA 1994; 91: 9014-9018.

LATENT ANTITRYPSIN 675

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sveger T. The natural history of liver disease in o-
antitrypsin deficient children. Acta Paediatr Scand 1988;
77: 847-851.

Eriksson S, Carlson J, Velez R. Risk of cirrhosis and
primary liver cancer in alpha;-antitrypsin deficiency. N
Eng J Med 1986; 314: 736-739.

Eriksson S. Studies in o, -antitrypsin deficiency. Acta
Med Scand 1965; Suppl. 432: 1-85.

Wewers MD, Casolaro MA, Sellers SE, et al. Replacement
therapy for alpha,-antitrypsin deficiency associated with
emphysema. N Eng J Med 1987; 316: 1055-1062.
Elliott PR, Lomas DA, Carrell RW, Abrahams JP.
Inhibitory conformation of the reactive loop of o;-anti-
trypsin. Nature Structural Biology 1996; 3: 676-681.
Loebermann H, Tokuoka R, Deisenhofer J, Huber R.
Human o-proteinase inhibitor: crystal structure analy-
sis of two crystal modifications, molecular model and
preliminary analysis of the implications for function. J
Mol Biol 1984; 177: 531-556.

Carrell RW, Stein PE, Fermi G, Wardell MR. Biological
implications of a 3A structure of dimeric antithrombin.
Structure 1994; 2: 257-270.

Lomas DA, Elliott PR, Chang W-SW, Wardell MR,
Carrell RW. Preparation and characterisation of latent
o -antitrypsin. J Biol Chem 1995; 270: 5282-5288.
Hekman CM, Loskutoff DJ. Endothelial cells produce
a latent inhibitor of plasminogen activators that can be
activated by denaturants. J Biol Chem 1985; 260: 11581—
11587.

Levin EG, Santell L. Conversion of the active to latent
plasminogen activator inhibitor from human endothelial
cells. Blood 1987; 70: 1090-1098.

Lawrence D, Strandberg L, Grundstréom T, Ny T. Puri-
fication of active human plasminogen activator inhibitor
1 from Escherichia coli: comparison with natural and
recombinant forms purified from eucaryotic cells. Eur
J Biochem 1989; 186: 523-533.

Cammarata SK, Stone CL, Carey JL, Eichenhorn MS.
Failure to achieve adequate serum levels with monthly
replacement therapy in o,-antitrypsin deficiency. Chest
1994; 106: 651-652.



