MASP-1 and MASP-2 do not activate pro-FD in resting human blood,
while MASP-3 is a potential activator: kinetic analysisinvolving
gpecific MASP-1 and MASP-2 inhibitors

Gabor Oroszlan Elod Kortvely, David Szakads Andrea Kocsis Sascha DammeierAnne
ZecK' Marius Ueffing', Péter ZavodszkyGabor P4l, Péter Gaf, J6zsef Dob6

" Institute of Enzymology, Research Centre for NaltGciences, Hungarian Academy of Sciences,
Magyar tudosok krt. 2, H-1117, Budapest, Hungary

" Institute for Ophthalmic Research, University d@foingen, Rontgenweg 11, 72076 Tiibingen,
Germany

* Department of Biochemistry, E6tvds Lorand Univistsl/C Pazmany Péter street, H-1117,
Budapest, Hungary

% Institute for Ophthalmic Research, Medical Proted®enter, University of Tuibingen,
Nagelestrasse 5, 72074 Tubingen, Germany

"Natural and Medical Sciences Institute at the ©rsity of Tiibingen, Department of Bioanalytics,
Markwiesenstrasse 55, 72770 Reutlingen, Germany

2 Address correspondence and reprint request tmbé,Dand/or P. Gal, Institute of Enzymology,
Research Centre for Natural Sciences, Hungarianié&og of Sciences, Magyar tudésok krt. 2, H-
1117, Budapest, Hungary, e-mail: dobo.jozsef@tik.mt (J.D.), or gal.peter@ttk.mta.hu (P.G.),
phone: +36-1-3826768, fax: +36-1-3826295

Running title: Kinetics of pro-FD activation

Keywords (not in thetitle): lectin pathway; innate immunity; mannan-bindinctile; MBL-

associated serine protease; thrombin; trypsin



Abstract

It had been thought that complement factor D (FDagtivated at the site of synthesis and
only FD lacking a propeptide is present in bloode Berum oMASP-1/3(-/-) mice contains pro-FD
and has markedly reduced alternative pathway &gtiiwas suggested that MASP-1 and MASP-3
directly activate pro-FD, however other experimesdatradicted this view. We decided to clarify
the involvement of MASPs in pro-FD activation inrmal, as opposed to deficient, human plasma
and serum.

Human pro-FD containing an APPRGR propeptide wasdyed in insect cells. We
measured its activation kinetics using purifiediveectMASP-1, MASP-2, MASP-3 as well as
thrombin. We found all these enzymes to be efficagtivators, while MASP proenzymes lacked
such activity. Pro-FD cleavage in serum or plasmas wuantified by a novel assay using
fluorescently labeled pro-FD. Labeled pro-FD wascpssed with half-lives of about 3 and 5 hours
in serum and plasma, respectively, showing thatepigtic activity capable of activating pro-FD
exists in blood even in the absence of active dadéign enzymes. Our previously developed
selective MASP-1 and MASP-2 inhibitors did not redupro-FD activation at reasonable
concentration. On the other hand, at very high eotration, the MASP-2 inhibitor, which is also a
poor MASP-3 inhibitor, slowed-down the activatioWhen recombinant MASPs were added to
plasma only MASP-3 could reduce the half-life od{5D.

Combining our quantitative data MASP-1 and MASPa2 be ruled out as direct pro-FD
activators in resting blood, however, active MASB-3a very likely physiological activator.



I ntroduction

The complement system can be activated by threecminected routes, the classical, the lectin and
the alternative pathways (1). Activation of botle ttiassical and the lectin pathways leads to the
formation of the same C3 convertase, namely C4bOpan C3 cleavage C3b is generated that
forms a transient complex with factor B (§BThe FB component of the pro-convertase C3bB is
then cleaved by factor D (FD) to produce the alitwe pathway C3 convertase, C3bBb. Hence the
alternative pathway serves as an important amatiba loop for both the classical and the lectin

pathways, however it can be also activated onvits loy the “tick-over” mechanism (1).

Components of the lectin pathway are (at leas8 €iifferent pattern recognition molecules,
MBL, H-ficolin (ficolin-3), L-ficolin (ficolin-2), M-ficolin (ficolin-1), and CL-LK, three MBL-
associated serine proteases, MASP-1, MASP-2, an&m®43, and two MBL-associated proteins,
MAp19 (sMAP), and MAp44 (MAP-1) (2-5). MASP-1 wabkavn to be the exclusive initiating
enzyme during the activation of the lectin pathW@yr), and together with MASP-2, they are both
essential for the C4bC2a convertase formation.n@rother hand the function of MASP-3 has been
unclear. MASP-1 has relatively broad substrate iipieg (8) and it was implicated that it has a
role in several pro-inflammatory reactions (9-109 @oagulation (11). Both MASP-1 and MASP-3
were suggested to participate in pro-FD conversioRD (12-13) and it was speculated that even
the proenzyme form of MASP-3 might be able to penfthis process (13).

FD is a key enzyme for the alternative pathwaysdie natural substrate is FB in complex
with C3b (14). When purified from blood only thetige form can be retrieved (15-16), and it is
accepted that FD is present predominantly in thwexéorm in normal blood (15), although some
pro-FD was reported to be present in diisopropybffbphosphate-treated human plasma (17). It
was speculated that FD might be activated befareeen by an unknown protease within the cells
(18). In most cell types, expression of natural) (€@ recombinant pre-pro-FD (i.e. a construct
containing a signal peptide and the putative progepresulted in accumulation of the active form
in the cell culture supernatant (20) although diporof the produced FD was proenzymic (20). On
the other hand pro-FD was successfully producedsect cells (21). In vitro, trypsin was found to
be the best activator of pro-FD, while thrombinllikeein and plasmin can also activate it with
varying efficiencies (21), however, the exact kinebnstants have not been determinedASP-
1/3(-/-) mice only pro-FD was found (12), and at first disvsuggested that MASP-1 might be the
enzyme responsible for pro-FD cleavage. Howevearonstitution of theMASP-1/3(-/-) mouse
serum with recombinant MASP-1 did not restore theraative pathway (12). Later MASP-3 was

also implicated as a possible pro-FD activator @®)gesting a new role for this enzyme. On the
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other hand alternative pathway activity was obs&mweMASP-1/3(-/-) human serum suggesting
that neither MASP-1 nor MASP-3 is essential in pid-conversion to FD (22). Nevertheless this
scientific debate brought to light some questidrat for a long time have seemed to be resolved
(23-24). Interestingly irCfh(-/-)MASP-1/3(-/-) mice (deficient for factor H, MASP-1 and MASP-3)
uncontrolled alternative pathway activation wasspre just like inCfh(-/-) mice, suggesting that
MASP-1 and -3 are not required for alternative paiy activity inCfh(-/-) mice (25). In summary,
the exact roles of MASPs in pro-FD activation hawe been clarified yet, and additionally, we
cannot exclude the possibility that significantfeliénces may exist between human and mouse
complement regarding pro-FD activation.

In this study we aimed to clarify the role of MASIAspro-FD activation in human blood.
For this purpose we determined pro-FD cleavages nageng i) purified enzymes, ii) normal human
serum and plasma in the absence and presenceaificpASP inhibitors and iii) normal human
plasma with exogenous MASPs added. Our quantitatata (in combination) rule out all MASP
proenzymes, as well as active MASP-1 and MASP-di@st pro-FD activators in resting blood,
however, active MASP-3 is a likely physiologicatigator. The term “resting blood” in this paper
refers to blood, in which neither the coagulatigngtem nor the complement system is activated

above the baseline level.



Materials and M ethods

Proteins and reagents

Wild-type recombinant MASP-1, MASP-2, and MASP-3atgic fragments encompassing the
CCP1-CCP2-SP domains (MASP-1cf, MASP-2cf, and MA8H-were produced as described (26-
27, 7). MASP-1cf and MASP-2cf are obtained as actimzymes, while MASP-3cf is produced as a
zymogen. Zymogen MASP-3cf was further purified ofMC-Q30 (YMC Europe GmbH) anion-
exchange column (16 mm 100 mm) by applying a 20-column-volume (CV) gradief 60-200
mM NaCl in 10 mM Tris-HCI pH=8.2. Active MASP-3cfas produced from the zymogen by
cleavage using MASP-1cf, and then MASP-1cf was miatographically removed as described
(28). Active MASP-3cf was further purified on a YM@30 column the same way as described
above for the proenzyme. High purity active MASPBas eluted as the first major peak at about
150 mM NacCl. The stable zymogen variants, MASPR448Q and MASP-2cf R444Q, were
prepared as described (7, 29). Human alpha-throf#wtivity >2800 NIH units/mg protein, cat.
no. T-1063) and bovine cationic trypsin (Activitg 3000 BAEE units/mg protein, cat. no. T-8003)
were purchased from Sigma. FB and FD from humarsnpda were purchased from Merck
(Calbiochem brand), and C3b was a gift from Probhisimed R. Daha (Leiden University, Leiden,
The Netherlands). The MASP-1 specific SGMI-1 arel MASP-2 specific SGMI-2 inhibitors were
prepared according to Héja et al. (30). Blood wasvd from 7 healthy volunteers into Vacutainer
serum tubes (BD Diagnostics) to produce fresh seramal into Vacutainer citrate tubes (BD
Diagnostics) to produce fresh plasma. After cemgation serum samples were pooled and kept
frozen in aliquots at -78C to produce normal human serum. Human plasma isaspeepared by
centrifugation, pooled, and kept at -70 in aliquots. Cy3-NHS ester and Cy5-NHS ester was
purchased from GE Healthcare. Acetonitrile andapitre (LC-MS grade) water for mass

spectrometric analysis were purchased from Mercitidtadt, Germany).

Human pro-FD expression and purification

The C-terminally poly-histidine-tagged (Hjshuman pre-pro-FD encoding DNA was purchased as
a synthetic gene from Entelechon GmbH (RegensbGeymany). The coding sequence was
manually codon optimized for expression in SfOtdking into account thgodoptera frugiperda
codon usage frequencies found in the Codon UsatgbBse (http://www.kazusa.or.jp/codon/). The

clone encodes the human signal peptide, the activateptide and the mature human FD

5



polypeptide chain followed by a Hitag. The gene sequence and the translation avedptbas a
supplement (supplementary Table S1). The Pstl-Eco&ment of the synthetic gene was
subcloned into the pVL1392 (BD Biosciences) transfctor. The resulted pVL1392_hu-pre-pro-
FD-Hes plasmid was used to co-transfect Sf9 cells witledrized ACNPV baculovirus DNA using
the BaculoGold" transfection kit (BD Biosciences). The recombinkatulovirus was amplified
by several rounds, and secreted protein was veriiie Western blotting with a monoclonal anti
human complement FD antibody (Thermo Scientifid, c@. GAU 010-04-02). For large scale
expression of recombinant pro-FDx-t Spodoptera Frugiperda Sf9 cells (BD Biosciences), a 100-
mL cell suspension (cell density of 2¥1ells/mL) in Insect-Xpress protein-free medium rfkza)
was infected with the recombinant baculovirus stfay adding 1.5 mL (~2L0° pfu/mL) of the
virus stock. After 3.5 days of incubation at 2, the culture supernatant was collected by
centrifugation (500 g, 5 min) for purification.

The recombinant human pro-FDsidontaining supernatant was gel-filtrated on a Sdpk
G-25 (GE Healthcare) 50 mm 195 mm column in 10 mM imidazole, 250 mM NacCl, pt&
buffer. Fractions containing the desired proteimemeombined and applied to a 16 mn60 mm
Ni-NTA Superflow (QIAGEN) column and eluted withliaear gradient of 10-250 mM imidazole,
in a 250 mM NaCl, 50 mM NalPO,, pH=7.5 buffer. The pro-FD-Hcontaining fractions were
combined, and dialyzed overnight excessively ag@fsnM NaHPQ,, pH=6.8 at £C, then pro-
FD-Hes was applied to a 16 mm 125 mm YMC-BioPro S30 (YMC Europe GmbH) cation-
exchange column equilibrated with 20 mM N&y, pH=6.8 buffer, and eluted with a 50-350 mM
NaCl linear gradient in the same buffer. Duringstbhromatographic step two separable forms of
pro-FD-H; were observed. The first eluted peak was designade‘A”, and the second peak, the
major form, was designated as “B”. Fractions wessaged for purity by SDS-PAGE, and the
appropriate fractions of the two forms were combirseparately, then concentrated on 10-kDa
cutoff concentrators to about 1 mg/mL and storeddn in aliquots. The “B” form represents intact
human pro-FD-H (see the next section) and the term “pro-FD” wafer to this form unless
otherwise stated. The concentration of pro-FD walsutated based on the extinction coefficient

€080 = 28 460 Mt cm?, and a molecular mass of 25.8 kDa.

Characterization of pro-FD by mass spectrometry

Initial MALDI-TOF mass spectrometry (MS) analysishébited that the “B” form is consistent with
the molecular weight of pro-FDgHand the “A” form is degraded probably at the N¥tmus (data
not shown). The “B” form of recombinant human pM-Rvas further analyzed by liquid

chromatography (HPLC) coupled to electrospray (Efiadrupole time-of-flight (QTOF) mass
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spectrometry. 10 puL of the sample was desaltedsapdrated without pretreatment using reversed
phase chromatography on a Dionex U3000 RSLC sy§téni@armo Scientific, Dreieich, Germany).
The separation was performed on a Poroshell 3008BaBlumn (1 mnx 75 mm; 5 um particle
diameter, 300 A pore size, Agilent Technologiesy&fC and 200 pL/min applying a 40-minute
linear gradient with varying slopes. In detail, tradient steps were applied as follows (minute / %
Eluent B): 0/5, 3/5, 5/15, 20/32, 22/36, 29/50,180), 34/100, 36/5, 40/5. Eluent B was acetonitrile
with 0.1 % formic acid, and solvent A was waterhw® 1% formic acid. To avoid contamination of
the mass spectrometer with buffer salts, the HPlL@te was directed into waste for the first two
minutes. Continuous mass spectrometric analysispsgermed using a quadrupole time-of-flight
mass spectrometer (Maxis UHR-TOF, Bruker, Bremegrn@any) with an ESI source operating in
positive ion mode. Spectra were taken in the masge of 600-2000 m/z. External calibration was
applied by infusion of tune mix via a syringe puthying a short time segment at the beginning of
the run. Raw MS data were lock-mass corrected (at1821.9906) and further processed using

Data Analysis 4.1 and MaxEnt Deconvolution softwaas (Bruker, Bremen, Germany).

Preparation of active FD from pro-FD and testing its activity

For producing active FD from its zymogen form, [BD-was incubated with 1/1000 amount of
trypsin (by weight) at 37C for 25 minutes in 20 mM NaRQ,, ~300 mM NaCl, pH=6.8 buffer.
The reaction was attenuated by 10-fold dilutionhwtte-cold equilibration buffer, then the sample
was applied immediately to a 5 nm58 mm SP Sepharose High Performance (GE Healbhcare
column equilibrated with 20 mM NaRQ,, 200 mM NacCl, pH=6.8 buffer, and eluted with a 200
550 mM NacCl linear gradient in the same buffer.coas were assayed for purity by SDS-PAGE,
then selected fractions were combined and condedtran 10 kDa cutoff concentrators to about
0.5-1 mg/mL, then stored frozen in aliquots. Thaasmtration of FD was calculated based on the
extinction coefficient,go = 28 460 M' cmi*, and a molecular mass of 25.2 kDa.

100 pg/ml C3b and 10Qug/ml Factor B were incubated with %@/ml recombinant FD or
plasma FD in 100 mM NaCl, 50 mM Tris-HCI, 10 mM MgCpH=7.5 at 37°C. Samples were
taken at 0, 0.5, 1, 2, 4, 6, 24 hours. Reaction® wtopped by 2-fold dilution with SDS-PAGE
sample buffer and heating for 2 mins at°@5 Samples were then analyzed by SDS-PAGE under

reducing conditions.



Pro-FD cleavage assay by cation exchange chromatography

Pro-FD was dialyzed overnight excessively agaidstrhM NaCl, 50 mM HEPES, 0.1 mM EDTA,
pH=7.4, then concentrated to 0.5-1 mg/mL and sténegkn in aliquots. The cleavage assays were
performed in the same buffer at 10 or @@ final pro-FD concentration, and the samples were
incubated for up to 3 hours at 2. Trypsin, thrombin, active MASP-1cf, active MAZEf, active
MASP-3cf, zymogen MASP-1cf R448Q, zymogen MASP-R44Q, and zymogen MASP-3cf
were applied at 0.20 nM, 635-955 nM, 33-68 nM, 184 30-61 nM, 7.QuM, 6.5uM, and 5.3-9.4
MM final concentrations, respectively, and samplesesaken at every 30-40 mins. The reaction
was stopped by 30-fold dilution with ice-cold eduiation buffer, then the sample was applied
immediately to a 4.6 mm 50 mm YMC-BioPro SP-F non-porous high pressureéoatxchange
column (YMC Europe GmbH) equilibrated with 20 mM #0,, 100 mM NaCl, pH=6.8 buffer,
and eluted with a 100-450 mM NacCl linear gradienthe same buffer at 0.8 mL/min ensuring
rapid analysis. The observed first order rate @nidin) was determined by nonlinear regression
using the AUC = AUGxexp(-kpsxt) equation, where AUC is the integrated area ef pho-FD
peak, and AUgis the area at the zero time point. In order to enthle rate constants of the different
reactions comparable, .J¢[E]r values were calculated, where {EJjs the total enzyme
concentration. Thekd[E]+ value can be considered as an approximation ofataytic efficiency

(kcafKm) according to the Michaelis-Menten kinetics whiea substrate concentration is lower then
the Ky.

Preparation and purification of Cy3-pro-FD and Cy5-FD

For fluorescent labeling pro-FD and FD we used @gd Cy5 CyDye monoreactive NHS Esters
(GE Healthcare). Dried dyes were dissolved to 1nmhgrh anhydrous DMF (Merck), and stored
frozen in aliquots. Labeling reactions were perfednm 20 mM NaHPO,, ~300 mM NaCl, pH=6.8
buffer with 10:1 dye to protein molar ratio and wencubated in the dark for 4 hours at room
temperature, then overnight at’@. The reactions were stopped by adding 1/10 volomg M
Tris-HCI pH=8 buffer, and after 30-fold dilution thiice-cold equilibration buffer samples were
applied to a 5 mmx 55 mm YMC-BioPro S30 (YMC) column equilibrated w20 mM NaHPQO,,
pH=6.8 buffer, and eluted with a 0-350 mM NaCl &ngradient in the same buffer. Single-labeled
Cy3-pro-FD had an &dA2g ratio of about 4, and single-labeled Cy5-FD hadhaqy/A2sg ratio of
about 6. Fractions were assayed homogeneity by BA&GE, then selected fractions containing

single-labeled proteins were combined, then comatsd on 10 kDa cutoff concentrators to 1
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mg/mL and stored frozen in aliquots. The conceiatnat of Cy3-pro-FD, and Cy5-FD were
calculated based on the extinction coefficient€g8 (Esaonm= 150 000 Mcm™), and Cy5 €sa9nm=
250 000 M'cmi?), and a molecular masses of 26.5 or 25.9 kDagntisely.

Cy3-labeled pro-FD cleavage in serum and plasma samples

Conversion of Cy3-labeled pro-FD into Cy3-FD inwaror plasma was monitored as follows. 5
pL of 1 mg/mL Cy3-pro-FD was added to a0 of normal human serum or citrated plasma and the
mixtures were incubated at 8 for 24-26 hours. Samples were withdrawn at evenyr in the
first 8 hours then an overnight (24-26 h) sampls w@llected.

In order to test the contribution of the thrombomtent of serum to convert pro-FD into FD
we added 1 mL of serum to a Vacuette Hirudin Bldathe (Roche) containing more than 4§
hirudin. Cy3-pro-FD conversion was tested on theesdatch of hirudin-treated and untreated
serum as above.

In order to test the impact of MASP inhibitors ao{5D conversion into FD we added them
to serum or plasma prior to the addition of labepgd-FD. 1 pL of SGMI-1 (15 pM final
concentration) was added to fQ of normal human serum or citrated plasma andntitdures
were incubated for 10 mins at room temperaturea) thgL of 1 mg/mL Cy3-labeled pro-FD was
added and the mixtures were incubated at@¥or 24-26 hours. Samples were withdrawn at every
hour in the first 8 hours then an overnight (24H)6ample was collected. L of appropriately
diluted SGMI-2 (15 or 1 or 0.4M final concentration) was added to @ of normal human
serum or citrated plasma and the mixtures werebiai@ad for 10 mins at room temperature, then 5
uL of 1 mg/mL Cy3-labeled pro-FD was added and tleures were incubated at ST for 24-26
hours. Samples were withdrawn at every 1-2 houtbenfirst 8-14 hours and finally an overnight
(24-26 h) sample was collected.

In order to test the impact of exogenously providbdSPs on pro-FD conversion into FD
we added luL of appropriately diluted MASP-1cf, MASP-2cf or Me#®-3cf (50-200 nM final
concentration) to 5@iL of citrated normal human plasma and the mixtwvese incubated for 10
mins at room temperature, thermub of 1 mg/mL Cy3-labeled pro-FD was added and tlvetumes
were incubated at 37C for up to 24 hours. Samples were withdrawn atyeweur in the first 7
hours and finally an overnight (24-26 h) sample e@ected, except when 200 nM MASP-3cf was
used, where samples were withdrawn at every 15tesrfor up to 2 hours.

All reactions were stopped by 10-fold dilution wBDS-PAGE sample buffer and heating
for 2 mins at 95C. Cy5-labeled FD was diluted to 3.6 pig/with SDS-PAGE sample buffer then



treated for 2 mins at 98C. 2 uL of the cleavage assay samples containing 18 rigtl&heled

protein were mixed with pL of diluted Cy5-labeled FD (18 ng), the mixed séespwere run on

SDS-PAGE under reducing condition, and the gelsveeanned with Typhoon (GE Healthcare)
laser scanner. Band intensities were quantifieddegsitometry. Because the two bands were
partially overlapping only the time point, where timtensity of the Cy3-pro-FD band equaled that
of the Cy3-FD band, could be reliably determinedagmarticular gel. This time point is considered
to be the half-life of Cy3-pro-FD. When the intap2f the Cy3-pro-FD band was higher at a given
time point and lower in the subsequent time pdiantthe intensity of the Cy3-FD band, we used

interpolation.
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Results

Expression and characterization of His-tagged human pro-FD

Human pre-pro-FD was expressed in insect cellsguaiaculovirus vector as described in the
Materials and Methods. The construct containedhtiraan signal sequence and a C-terminag-His
tag to aid purification. As previously describedsact cells produce predominantly pro-FD (21).
Under our expression conditions we obtained twoomagriants eluting in different peaks termed
“A” and “B” during the last cation exchange stepelitninary MALDI-TOF analysis exhibited that
the “B” form is consistent with the molecular weigbro-FD-H;, and the “A” form is probably
degraded (data not shown). Further analysis by HEBGCGQTOF MS (Fig. 1) showed that the
molecular weight of the “B” form is consistent witln N-terminal propeptide sequence of
APPRGR. In all subsequent experiments we used Biefdrm of pro-FD-H;, hereafter simply
termed as pro-FD. Since our major goal was to detrecFD activation by various serine proteases,
which involves cleavage at the N-terminus, the tneg at the C-terminus most likely does not
interfere with this reaction. We also converted pur-FD into active FD by trace amounts of
trypsin and purified it to remove the trypsin atttiv The produced active enzyme cleaved FB-C3b
in a similar fashion as the purchased control FB¥ipd from human plasma (data not shown).

In vitro cleavage-rates of pro-FD by various proteases

Pro-FD can be very effectively activated by trypsinvitro (21), therefore we also used bovine
cationic trypsin as a highly active control proe&s our assay system. Samples of pro-FD (10-20
UM) were treated with trypsin, thrombin, MASP-1cf, A8P-2cf, MASP-3cf, and also the
proenzymic forms of all three MASPs at Z7. The cleaving enzymes were used at concentrations
suitable to produce approximately 80% consumptiopro-FD in less than 3 hours, as determined
from preliminary experiments. Aliquots containing [1g total pro-FD + FD were withdrawn at 30-
40 minute periods, diluted 30-fold with ice-coldhding buffer and analyzed immediately on a
small cation exchange column as described in theehidds and Methods. The peak corresponding
to pro-FD gradually disappears while a new peal witreasing intensity corresponding to FD
appears over time (Fig. 2). Fitting the AUC (areder the curve) values of the pro-FD peak versus
time (Fig. 3) yielded {s values for each reaction. Normalized by the enzgm®centrations the
cleavage efficiencies can be compared, as summdanzgeable I. The highest cleavage rate, by far,
is produced by trypsin, whereas active MASP-1cf, 3PA2cf, MASP-3cf, and thrombin are fairly
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efficient activators of pro-FD. Proenzymic MASPwé&aither marginal (R448Q MASP-1cf), or no
activity at all.

Cleavage rates of pro-FD in human serum and plasma

In order to model pro-FD cleavage in human blooddeeeloped a novel experimental setup that is
suitable to monitor pro-FD cleavage in a complextore. We labeled pro-FD with Cy3 dye and
followed its cleavage in normal human serum omtéd plasma. In both cases Cy3-labeled pro-FD
was added at 3.fM final concentration, and its cleavage was folldnat 37°C. Adding the
concentrated labeled protein to serum or plasmaethwnly a minimal (10%) dilution of the
original serum or plasma samples. Aliquots werehaviawn typically at every hour, then
immediately diluted 10-fold with SDS-PAGE samplédfbuand heated for 2 mins at 96 to stop
the reactions. Portions of the treated samplesagang 0.18uL of the original serum or plasma
and about 18 ng total of Cy3-pro-FD + Cy3-FD weayaded per lane and analyzed by SDS-PAGE
(Fig. 4). Consumption of the Cy3-pro-FD band wapaapnt over time and a new band appeared
with a slightly higher mobility. In most gels théDS-PAGE samples containing Cy3-pro-FD +
Cy3-FD (18 ng total) were mixed with samples camtag 18 ng of Cy5-FD to allow multiplexing
and unambiguous distinction of the uncleaved aadvdd forms (Fig. 4A). Our results showed that
Cy3-pro-FD was converted to Cy3-FD in serum withadf-life of about 3 hours, and in plasma
with a half-life of about 5 hours. The differencepgrobably due to thrombin and possibly other
coagulation enzymes present in serum. Preliminagge®ments with hirudin-treated serum
revealed that the half life of Cy3-pro-FD increasgdabout half an hour compared to normal serum
(data not shown) hence the difference between sandrplasma can only be partially attributed to
the impact of thrombin.

Most importantly Cy3-pro-FD was converted into (§8-in human plasma, as well,
suggesting that there is a proteolytic activityadap of activating pro-FD in human blood, even in
the absence of active coagulation enzymes. Theadotiin plasma is likely to be the physiological
pro-FD activator in resting blood where activatairithe coagulation cascade does not occur.

In order to assess whether any of the MASPs coeldptitential physiologic pro-FD
activator, based on thed[E]+ values obtained fromm vitro cleavage experiments, we calculated
corresponding MASP concentrations required to predbe observed pro-FD half-lives of about 3,
and 5 hours (Table Il). These data suggest thdt & &SP could be considered as a potential
activator, but only if a significant proportionatready activated.
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Cleavage of pro-FD in human serum and plasma in the presence of MASP inhibitors

Previously we have developed specific inhibitors K0 ASP-1 and MASP-2 (30). SGMI-1 is a
specific MASP-1 inhibitor with a Kof about 7 nM, while SGMI-2 is a highly selectiMASP-2
inhibitor with a K of about 6 nM. We observed that SGMI-2 also inkiblASP-3, although very
poorly, with a K of about 5uM (6). We used these inhibitors at various conegimns to assess
their effects on pro-FD activation in serum andspia.

SGMI-1 did not affect the conversion of Cy3-pro-RD Cy3-FD even at the highest
concentration (15uM) applied (Fig. 5 and Table Ill) neither in plasmmar in serum. This
experiment unambiguously rules out MASP-1 as actipeo-FD activator. Sincen vitro active
MASP-1 is a potent pro-FD activator, these resaite imply that there is no significant amount of
active MASP-1 in resting blood.

At 100 nM, which is well above the; Kor MASP-2, SGMI-2 had no effect at all and even 1
UM of SGMI-2 had only small effect (Fig. 5 and Taklkg. This ruled out MASP-2 as well as direct
pro-FD activator. Although we applied SGMI-2 prinfabecause it inhibits MASP-2, calculations
presented in Table Il would imply that essentiallyMASP-2 would have to be in the active form
to produce the measured Cy3-pro-FD half-life inspla. This is in contrast with the observation
that MASP-2 circulates as a proenzyme in the bl{8#). So the results are coherent with all
calculations and previous observations.

However, to our surprise, at high (18/1) inhibitor concentration SGMI-2 significantly
slowed down Cy3-pro-FD conversion both in serum plagma (Fig. 5 and Table Ill). The effect
was more pronounced in plasma. The difference lstveerum and plasma can be explained by the
effect of thrombin and possibly other coagulatiozyemes, which are not inhibited by SGMI-2 (6).
On the other hand, the measured concentration depea is highly consistent with theu&lue of
5 uM of SGMI-2 for MASP-3 (6).

In summary, our experiments so far rule out MAS&li MASP-2 as physiological pro-FD
activators in resting blood, suggesting that sotheroprotease or proteases are responsible for this
activity. Our observations are consistent with\actlASP-3 to be such an enzyme, but also imply
that for such a role significant portion of MASPsBould be in active form even in resting blood.

These assumptions require further experimentsaeepunambiguously.

Cleavage of pro-FD in human plasma in the presence exogenous MASPs
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In order to further characterize the effect MASIAspoo-FD conversion into FD we added MASP-
1cf, MASP-2cf, or MASP-3cf to normal human plasnmab@-200 nM concentrations. Since we
have shown before that only the active forms hawesiclerable activity toward pro-FD (Tables |
and 1l) we used active MASPs. At 200 nM final plasmoncentration exogenously provided
MASP-1 and MASP-2 did not reduce the half-life gf3goro-FD at all, in spite of the fact that both
can cleave pro-FD in a purified system. This sutgyésat both active enzymes are rapidly
inactivated probably by C1l-inhibitor and antithrambOn the other hand MASP-3 reduced the
half-life of Cy3-pro-FD significantly in a dose-depdent fashion (Fig 6 and Table 1V). At 50 nM
MASP-3cf the half-life was reduced to 2 hours, whdt 200 nM to less than half an hour,
suggesting that MASP-3 is not inhibited and indeadable of cleaving pro-FD in the complex
matrix of human plasma.

Summing up, the experiments in the presence ofenagsly added MASPs reinforced our
assumption that MASP-3 can indeed convert pro-RD HD in plasma, and among lectin pathway

proteases only MASP-3 can be considered as th&Praetivator of resting blood.
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Discussion

Controversy in the literature regarding the rolaha lectin pathway, in particular the involvement
of MASP-1 and MASP-3 (12-13, 22), in the activatiointhe alternative pathway led us to take a
closer look at the impact of MASPs on pro-FD clegaFor this purpose we already had highly
purified recombinant catalytic fragments of all MRS both in proenzymic and active form, and
highly selective inhibitors for MASP-1 and MASP-2.

We also needed pro-FD that we produced in the baituk insect cell expression system. It
had been previously reported that in this expressigstem, pro-FD is released into the culture
medium in two zymogen forms with respective actoaipeptides AAPPRGR and APPRGR (21)
in a 2:1 ratio. The high mass resolution and aayuedtained by the ESI-QTOF approach enabled
us to unambiguous identify the produced proteinur experiments, the vast majority of pro-FD
purified from insect cell culture medium contairteé APPRGR activation peptide. This finding is
in agreement with the predicted signal peptidewga site (33). Notably, contrary to what was
found earlier, the other form having an additioNaierminal alanine (AAPPRGR) could be barely
detected. It should be noted, however, that Yamaamuth colleagues seem to have used a shortened
signal peptide (21) while we used the natural hursmmal peptide. So apparently APPRGR
represents the dominant natural propeptide.

In order to compare their inherent capacity tovaté pro-FD first we have determined the
cleavage rate constants for all MASPs. Interesfiigere was only a slight difference among the
active MASPs indicating that, at leastvitro, they are all capable of activating pro-FD. Thghlhy
purified zymogen forms had zero (MASP-2 and MASRB)narginal (MASP-1) pro-FD cleaving
activity. These results indicate that the main tjaass not which MASPs have the ability to cleave
pro-FD, but rather which ones have sufficientlyrhigpncentration in the active form to carry out
such cleavage in resting blood. On the other hamthgl lectin pathway activation, when all the
three MASPs are present in their active form, attbn of pro-FD may be accelerated considerably.

In order to model the physiologic situation, we swead the half-lives of labeled pro-FD in
normal human plasma and serum. The half-life wastshin serum indicating that coagulation
enzymes, including thrombin, may be able to conpestFD into FD. In complement assays serum
is used routinely. Our results indicate that oneusth be careful when drawing conclusion on the
natural pro-FD activating capacity of an individwalmodel animal by using serum samples (23-
24), as low-level activation of pro-FD might ocdwy backup enzymes in the serum even in the
absence of the natural pro-FD activator of theimgdtlood. In this respect it is noteworthy that FD
deficient mouse serum reconstituted to less thanol¥he normal FD level restored 23% of the
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alternative pathway activity (34), suggesting ttiat normal level of FD is not limiting, as opposed
to previous results (15).

In resting blood the coagulation cascade is navaterd, and therefore plasma experiments
may represent a better model for the normal phggioal pro-FD conversion than serum
experiments. Because labeled pro-FD was conveadeDt in plasma with a half-life of about 5
hours, it is reasonable that a proteolytic actiekysts in resting blood that converts pro-FD to. FD
The labeled pro-FD concentration that we used was$il8l, because such high concentration was
necessary for reliable detection. This value isificantly higher than the physiological FD
concentration (80 nM) (15), distorting unfavoralbhe enzyme to substrate ratio, therefore it is
plausible that the pro-FD conversion rate in theutation is higher providing a significantly
shorter half-life than the measured approximatehoGrs. Another contributing factor could be the
“buffer effect” of citrated plasma. It is also piide that in the presence of £ahe main converting
enzyme has a higher activity. On the other handylasma further activation of lectin-pathway
proteases and coagulation enzymes above the bmadelial can be excluded, therefore we used
both serum and plasma in order to evaluate thetsftéd our MASP inhibitors.

When we added a MASP-1 specific inhibitor (SGMK1;~ 7 nM) to serum or plasma at 15
MM final concentration the pro-FD conversion ratesw@ different from the inhibitor-free values.
It is noteworthy that SGMI-1 inhibits both activédj and proenzymic MASP-1 (7). Based on these
observations we unambiguously ruled out MASP-1 dsext pro-FD activator in resting blood. If
MASP-1 is somehow involved in pro-FD maturatiorg dontribution can only be indirect e.g.
through MASP-3 activation (7, 13).

To our surprise, SGMI-2, a highly selective MASHBibitor with a K of 6 nM, did slow-
down pro-FD conversion both in serum and plasnthpagh only at high inhibitor concentration
(15 uM). The effect was more pronounced in plasma. Heee became suspicious, because
according to our calculations essentially all MASRwould have to be in the active form to produce
a 5-hour half-life for labeled pro-FD in plasma.ig s in sharp contrast with previous observations
that MASP-2 exists in the proenzyme form in resti@pd (32). Importantly, SGMI-2 also inhibits
MASP-3 (6), but only quite poorly with a;Kf about 5uM. When we examined how pro-FD
cleavage rate in plasma depends on SGMI-2 condemtyave found that UM SGMI-2 had a
minor effect, and 100 nM SGMI-2 had no effect at &his concentration dependence was more
consistent with the involvement of an enzyme irteihi by SGMI-2 with a Kvalue in the
micromolar range. We note that MASP-3 is such azym®. Nevertheless, based solely on these
results, we cannot yet identify MASP-3 as the esigl pro-FD activator in resting blood.

Experiments with exogenously added MASPs furthegppsu the idea that MASP-3 is the

16



physiological pro-FD activator, as we demonstrated among MASPs only MASP-3 was capable
of reducing the half-life of labeled pro-FD is pizs.

Our observations support the view of Takahashil.e@24, 35) and Iwaki et al. (13), who
proposed that MASP-3 acts as a pro-FD activatocointrast to Iwaki et al (13) who stated that
even zymogen MASP-3 might activate pro-FD, we hgtlvewn that only active MASP-3 can carry
out that cleavage. When Dahl and colleagues (88 ifolated MASP-3 containing complexes, the
majority of MASP-3 appeared to be in the activeofwhain) form, even though they used protease
inhibitors during the isolation. It is, however,tradear that activation of MASP-3 occurred during
the isolation, or MASP-3 associated with MBL wa®atly active. Our experiments suggest that for
MASP-3 to be the major pro-FD activator a significportion (at least about 10 nM) has to be in
the active form in plasma to provide the obserdedvage rate. It will require further investigaton
to accurately determine what percentage of MASB-3adtually present in resting blood in the
active form. It is also an intriguing question hmaymogen MASP-3 is activated in the absence of a
lectin pathway activating surface. One possibilgythat fluid phase activation of lectin pathway
proteases occurs slowly at a constant rate, bitea®tASP-1 and MASP-2 are rapidly inactivated
by their natural inhibitors like C1-inhibitor andt&éhrombin (37). This assumption is supported by
the presence of MASP-1-C1l-inhibitor and MASP-14untmbin complexes in normal serum and
plasma (38). Importantly, as active MASP-3 is natibited by C1l-inhibitor (39), or any other
identified serpin, it could slowly accumulate irchua scenario. Our observations with exogenously
added MASPs support such a mechanism. When recantbactive MASP catalytic fragments
were added to plasma, only MASP-3 reduced thelivalfef labeled pro-FD, indicating that while
MASP-1 and -2 are inactivated rapidly MASP-3 rermsautive.

Taken together, we have shown ti@atvitro the active serine proteases generated during
activation of the coagulation (tested with thromland the complement cascades (MASP-1, -2 and
-3) can cleave pro-FD with comparable efficienciesserum, the contribution of the coagulation
proteases may be significant. Furthermore in rgdtiood MASP-1 and MASP-2 cannot be direct
activators of pro-FD.

On the other hand, we have unambiguously demoedttagt at least one protease capable
of activating pro-FD exists in normal human plasiiéhile further experiments are needed to
unequivocally identify the physiological and perbaxclusive pro-FD activator in resting blood,
here we provided important evidences that activet8a&P-3 is the likely candidate (Fig. 7).
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Figures

FIGURE 1. High resolution deconvoluted ESI-QTOF MS spectfmecombinant pro-FD-kin
positive mode. The measured dominant mass peawdk)found to be in perfect agreement with
the calculated mass of the intact protein with aiteishinal propeptide sequence APPRGR
(25,838.15 Da). A small peak (Ih=-17 Da) can be assigned to succinimide formatiahin the
same protein. A minor peak (25909.16 Da) is coestswith the AAPPRGR propeptide, but it
constitutes only a minor fraction. Importantly, thealysis of the entire spectrum (10-30 kDa, see
insert) clearly showed that the purified pro-FR-sl highly homogenous and essentially free from

contamination or degradation.
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FIGURE 2. Detection of pro-FD cleavage by various proteasésg analytical cation exchange
chromatography. Typically 10M pro-FD was incubated in the presence of the atitig proteases
at 37°C at physiological salt concentration and pH fota@ hours. Samples containing a total of
10 ug pro-FD + FD were removed periodically and analymemediately on an analytical cation
exchange column. ljig pro-FD (A) and 1qug FD (B) served as controls. The cleavage by MASP-
1cf (C) and MASP-3cf (D) are shown as examples. A&i€a under the curve ) values were
determined by integrating the pro-FD peak, andditita were fitted as shown on Fig 3.
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FIGURE 3. Fitting of the measured data to determine thevelga rates of pro-FD by various
proteases. The observed first order rate consf{apss were determined by nonlinear regression
using the AUC = AUGxexp(-kpsxt) equation, where AUC is the integrated area ef pho-FD
peak, and AUgis the area at the zero time point (i.e. pro-FDtidp The calculated Jd[E]+
values are found in Table I, where {&$ the total enzyme concentration. Data obtaimech fpro-
FD cleavage by MASP-1cf (A) and MASP-3cf (B) ar@wh as examples.
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FIGURE 4. Determination of the half-life of Cy3-pro-FD inrsen and plasma. Cy3-pro-FD was
added to human serum or plasma causing only minihhation and the mixture was incubated at
37 °C. SDS-PAGE was performed under reducing conditimglescribed in the Materials and
Methods. A sample containing a total of 18 ng Cy&¥D + Cy3-FD and 0.18L serum or plasma
was applied to each lane. Because of the smalérdifite in mobility, samples were usually
multiplexed with 18 ng Cy5-FD per lane. Gels weoarsied by a Typhoon laser scanner at
excitation and emission wavelengths characterfeticCy3 and Cy5 consecutively. The top panel
(A) shows the overlay of the Cy3 (colored red) &b (colored green) channels for a gel with
serum samples. Cy3-pro-FD disappeared over timiedtidg cleavage, and the produced Cy3-FD
co-migrated with the Cy5-FD resulting in a yelloligreen band. The Cy3 channel of a
representative gel out of 5 parallels with serumy é8d plasma (C) samples are shown on the
bottom panels. The half-life of Cy3-pro-FD is catesied to be the time point where the intensity of
the Cy3-pro-FD band equals that of the Cy3-FD basdexplained in more detail in the Materials

and methods.

A Serum (multiplexing)
Oh 1h 2h 3h 4h 5h 6h 7h 8h 24h

pro FD
FD

haIf-tIife
B Serum
Oh 1h 2h 3h 4h 5h 6h 7h 8h 24h
proFD—L p B S o e
FDI t
half-life
C Plasma
Oh 1h 2h 3h 4h 5h 6h 7h 8h 24h
pro FD—_
FD-

half-tlife

27



FIGURE 5. Determination of the half-life of Cy3-pro-FD inggma in the presence of inhibitors.
Experiments were carried out in the presence of 8GM MASP-1 specific tight-binding inhibitor
(A), or SGMI-2, a tight-binding inhibitor of MASP;&nd also a poor inhibitor of MASP-3 (B and
C) at various concentrations as indicated. The raxygat was carried out essentially as described

under Fig.4. Panels A, B, and C depict represemtajels out of 2, 4, and 5 parallels, respectively.
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I
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C Plasma + SGMI-2 0.1 yM

Oh 1h 2h 3h 4h 5h 6h 7h 8h 24h

pro FD—L —
FD-

o e
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FIGURE 6. Determination of the half-life of Cy3-pro-FD ingdma in the presence of exogenously
added MASPs. MASP-1cf (A), MASP-2cf (B) and MASH-3C) were applied at 200 nM final
concentration. Only MASP-3 reduced the half-lifeQyf3-pro-FD compared to normal plasma. The

experiment was carried out essentially as descrinater Fig.4. Representative gels out of 2

parallels are shown.

A Plasma + 200 nM MASP-1cf
Oh 1h 2h 3h 4h 5h 6h 7h 24h

ro FD |
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|
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B Plasma + 200 nM MASP-2cf
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T ree sttt

|
half-life
C Plasma + 200 nM MASP-3cf
0" 15" 30' 45" 60" 75" 90' 105' 120

ro FD
P FD}---'---‘-

half—rlife
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FIGURE 7. The suggested scenarios of pro-FD activation. pimgsiologically most important
mechanism is the one in resting blood, becauseimal blood most FD is present in the active
form. In deficiencies, where a patient has mostty-fD, the backup mechanisms might contribute
to pro-FD activation in case of injury or infectjoor in vitro when serum is used for complement
assays for testing. The most likely candidate tovaie pro-FD in resting blood is active MASP-3,

but further experiments are needed to unambiguqarslye this assumption.

Resting blood
(MASP-3)

Active coagulation Active complement
cascade

cascade
. (MASP-1, MASP-2,
(e.g. thrombin) MASP-3)

N Y

pro-FD
activation
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Tablel
Activation rates of pro-FD by various proteases

enzyme Akops! [E]lT (M sY)
bovine trypsin 1.5+ 0.5x 1¢°
thrombin 4.6+ 1.2x 107
wt MASP-1cf (active) 43.9+1.2x 1C°
wt MASP-2cf (active) b7.2 +0.4x 10°
active wt MASP-3cf 947 +1.2x 10°
R448Q MASP-1cf (zymogen) P18 +2

R444Q MASP-2cf (zymogen) °n. d.

zymogen wt MASP-3cf °n. d.

4The kpd[E]+ value can be considered as an approximation afatesytic
efficiency (ka/Ku) according to the Michaelis-Menten kinetics wh8ihKy.
P Average + range (n=2) is indicated.

¢ Obtained with thrombin thawed from frozen aliqudtseezing may have
somewhat reduced the activity of thrombin.

4 Average + SD (n=3) is indicated.

®No cleavage was detectable

Tablell

Calculated enzyme concentrations to produce 3-5amour half-lives for pro-FD

3 hours 5 hours

enzyme plasma conc. conc. conc. conc.
conc. of zymogen of active of zymogen of active
required enzyme required enzyme

required required
(nM) (nM) (nM) (nM) (nM)
MASP-1 %143 3600 16 2100 10
MASP-2 46 0 9 0
MASP-3 463 0 14 0 8

@Total concentration of all forms according to Treehl. (29)
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Tablelll
Half-life of labeled pro-FD in serum or plasma lretpresence or absence of inhibitors

pro-FD half-life

matrix (hours)

serum 42.8+0.5
serum + 151M SGMI-1 P3.0+05
serum + 15uM SGMI-2 €9.0+1.0
plasma 4.7+0.5
plasma + 1M SGMI-1 °55+0.5
plasma + 1M SGMI-2 417+ 4

plasma + JuM SGMI-2 P6.5+0.5
plasma + 100 nM SGMI-2 %46+0.5

#Average + SD (n=5) is indicated. This 0.5 h dewiatis considered to be the typical minimal error
attributable the method.

P Two identical values were obtained, but a deviatib0.5 h can be assumed, as explained above.
¢ Average * range, n=2 is indicated.

4 Average + SD (n=4) is indicated.

TablelV
Half-life of labeled pro-FD in plasma in the preseror absence of exogenously added MASPs

pro-FD half-life

matrix (hours)

plasma 84.7+0.5
plasma + 200 nM MASP-1cf P50+0.5
plasma + 200 nM MASP-2cf P50+0.5
plasma + 50 nM MASP-3cf P2.0+05
plasma + 200 nM MASP-3cf €0.4+0.1

@Average + SD (n=5) is indicated. This 0.5 h dewiatis considered to be the typical minimal error
attributable the method.

P Two identical values were obtained, but a deviatib0.5 h can be assumed, as explained above.
¢ Two identical values were obtained by interpolatiout a deviation of about 0.1 h was assumed,

because of the sampling intensity (every 0.25 ly tiee half-life.

32



Supplemental Tablel

Synthetic pre-pro-FD-klgene sequence, translation and selected restrisities

Gene (and protein) name

Sequence, translationedectad restriction sites

human pre-pro-FD-K

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

Pst |
CTGCAGATGC ACAGCTGGGA
M H S WE

GGCCGCCTGC GCEECELCEC
AAA C A AP P

CCGAGGCGCA CGCGCGTCCC
E AH ARP

CACCTGITGCG GCGECGTCCT
HL CG GV L

GCACTGCCTG GAGGACGCGG
H C L E D A A

CGCACTCCCT GTCGCAGOCG
HSL S QFP

CGCGCAGTGC CCCACCCGGA
R AV P H P D

CCTGCTGCTA CAGCTGTCGG
L LL QL SE

CCCTGCCCTG GCAGCGCGTG
L PW QR V

GACGTGGCCG GCTGGGGCAT
DV AG WG.I

CCTCCAGCAC GTGCTCTTGC
L QH VLLZP

GCACGCACCA CGACGGECGCC
T HH D GA

AATCGCCGTG ACAGCTGCAA
N R R D § CK

CGGCGTGCTC GAGGGECGTGG
G V L E G V V

GCAAGAAGCC CGGCATCTAC
K K P G I Y

GACAGCGTCC TGGCCCATCA
D S V L A H H

GCGCCTGECA GITCTGGTCC
R L A VL VL

CCCGTGGTCG GATCCTGGEEC
R GR 1 L G

TACATGGECGT CGGTGCAGCT
Y M A S V QL

GGTGGCGGAG CAGTGGGTGC
V AE Q WUV L

CCGACGGCAA GGTGCAGGTT
D GK V QV

GAGCCCTCCA AGCGCCTGTA
E P S K R LY

CAGCCAGCCC GACACCATCG
S QP DT1 D

AGAAGGCCAC ACTGEECCCT
K A T L G P

GACCGCGACG TGGCACCGGEG
DRDV APG

AGTCAACCAC GCGEECCGCC
V NH A GRR

CGGTGCTGGA CCGCGCCACC
vV L D RA T

ATCACCGACGC GCTTGATGTG
I T E R L MZC

GGGTGACTCC GECGEECCCEC
G DS G G P L

TCACCTCGGG CTCGCGCGIT
T S G S RV

ACCCGCGIGG CGAGCTATGC
T RV A S Y A

EcoRl

TCCTAGGAGC
L G A

GCCAGAGAGG
G R E A

GAACGGCGCG
N G A

TGAGCGCGEC
S A A

CTCCTGGGECG
L L G A

CGACGTGCTC
D V L

ACCACGACCT
H D L

GCTGTGCGECC
AV R P

AACTCTCTCGC
T L C

GCCCGGACAG
P D S

TGCAACCGTC
C N R R

CGCGGAGAGC
A E S

TGGTGTGCGG
V C G

TGCGGCAACC
C G NR

GCGCCTGGATC
A W |

TCATCATCAT CATTAAGAAT TC

H HH H*

Only the restriction sites used for subcloningstrewn (underlined)
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