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The Limuius Factor T F0) 2 melttdomain glyeopre.
tein that binds bacterial endotoxin with bigh offinity,
belongs to the serine protegse family of the complament
and kicod cosgulation cascades. Here, we provide som-
poiling evidence for the imporiance of modulae ayvange-
ment and relevance of the proline-vich region (PER) and
HNeglyeosyiation to the secretion and funetion of FOC, We
propose that PEE conid be s universa! conformationad
domain that reguiates protein folding and fergeting.
FOz lncking PRE preceding the serine profoase domain,
were lovalized intraoeihisriy, Misfolded conformers of
the intracellular FOs were more suscoptible to frypsin
digestion. (Hycosyiation inhibition studies indicais that
the presence but not the exact siraciure of the Noglyenns
affects the seoretion of FO, although the complexity of
ghyoosylation may infivence s sndotoxin-dnduced pro-
toolyiic cleavage with resuliant onzymatic activity. Dis.
ruption of specific N.glyvean sites at positions 740, 787,
and $12, downsirenm of the PRE, at or near the serine
protesse domain, blocks s seeretion. Uo-expressed mue-
iecular chaperenes Bke canine cabvexin associates with
giyveosylated FOs {0 incrense s solubility and seeretion
lovel but 4id not alfer thelr expression profiles. Our
resuliz clearky demonsirate that the folding and secre-
tion of & mullidomain serine protesse like ¥C ave deter-
mined by its modular domsin serangement and sibte-
specific N-glyeans, The seersted Fls containing the
Nterminal portion of FC are able to detect lipopolysae-
eharide with high sensitivity. We alse identificd the oo
fixeikoe nnnd sushi 4 domains to contribuie to the bindbsg
of lipopolysaccharide.

The availability of engineered serine proteases allows the
siudy of their aclivation, substrate specificiy, and regulation of
various physiclogical processes. 4s the indtintor of the cosgu-
Iation cascads of lirnubus amoshocyte lysate (LALYY Factor
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(FC) is 2 multidomain serine probease, which is activated by &
trace amonnt of is Ygend, endotoxin (Hpopolysaccharide; LIPS}
(1), LAL is widely employed to deteet the presence of LIPS in
varivns todusttial and clinical preducts {(2), Analysiz of the
aavin ackd sequencs indicates that FO is 2 complex modular
prolain, compriging 11 dJowaing (see Ref 3 and Fig. 14}, Many
eagrher attenrpis to express FC in heterclogous hosts have faced
Hmited sucress (47}, The native sipnal peptide of FC divecis
this moelecuie fo ndraceliular large granules of the Lmuins
amoehocytes, and it is unable o secvede the protein out of
hetevologous expression hosts. Instead, it may serve as a ment-
hrane anchor and invariably result in membrane-bound recom-
binant protein. Thus, an alternative signal peptide is neaded to
obtain secreted FO for investigation of its domain-function
relationship, Usihng a cross-hosi secrotory signal {8), which
teads to the secretion of various recombinant proteins in boih
prokaryotic and eukaryotic sysiems, we have recently produced
full-length and biclogically funciional domaing of FO that binds
LIPS (8, 10

The LPS binding and epzymadic activity of Factor © ave
functionally distinet and are Iscalized i the N-tervuineal sushi
(K81 and O-terming rering proteage dowaing (8F), respectively
{10, 11}, However, ihe importanee of interdomain interactions
for expression and biclogical activity of ¥FC is hitherts un-
known, Of perticudar inferest is the proline-sich region (FRR) of
the PO protein, Profine residuce contribute significantly 4o the
conformation and rigidity of the profein struciure, and PRR
serves 3s a molecular hinge In & nwmber of profeing (1214},
affecting protein-protein interaction and protein-ligand bind-
ing. In this study, we focus on the potential involvement of PRE
1w PO secvetion and function. By systenratic design of FC dele-
tion howeloguss with and without PRE, we are able to exnmine
their expression profile, post-transiational modifications, local-
ization, and LP8 binding activity.

N-Linked glycans play pivotal voles in protein folding, ofi-
gomerization, quality conirsl, sorting, and transport (15).
These sugar chzing are sxfensively involved in protein confor-
mation and function (18), There are six potential N-glyvcosyla-
tion giles iy FC ab positions 828, B34, 624, 740, 787, and 812

Iysete; FC, Factos C; oCNXK, vanine calnexing RCRT, buwan ealrvetivuling
FL, fisit-length Facter C; B8, Beod THI-Sull fragment of Factor C cBNA;
SP, serine protease; FRE, proline rich region; TH, tunicamyein; D3I,
a-denxymanngiirimysn; NS, e-deorynciirimyein; LPS, Epamolyeace
chavide; SPR, surface plasmon vesonanes; CAL, O refundicouds amoe-
bhoegte lyvsntey 82 PO, full-length Factor O devived fvom the Drosophils
melanogaster 32 sxpression systern; Sf3-BEVE FO, full-length Factor €
derived from Npadoptere frugiperde, 3{%-baculovirus expression vector
sysiem; ELISA, enzyme-linked immunoessrbent assay; PRE, phosphate-
buifored gadine.
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iFig, 13 (A7) Hewever, the fanctions of these glvesns has not
been examined. We used glycosylation inhibition and sifs-di-
rected mutagencsis to test the role of N-glyeans on expression
and sscretion of ¥ and to map the most oritieal N-glyeans.
Furthar assessment on the involvement of Neglveans in the
secretion pathway was performed by co-exprassion of FL with
vavious melecular chaperonas, which are proteins that assist in
the correct nosesvalent assenbly of other polypeptide-coniain-
ing structures {18}

We raport for the Srst tivae that exprassion and seorstion of
such g muitidomein serine professe reguives the proper mod-
ular arrangement of the various domaine, and PRE iz easendial
for proper folding of the downstream SP domain. In addiion,
we demonsirated the importance of stte-specific N-glysosyia-
tion in FO secretion and provided evidence that Neglyeans
interact with chaperones and hence wanifest their affset on FOC
secretion, Interestingly, despite baving proper protein folding,
i secreted PO exhibiled LS binding but lacked enzymalic
activity, This lose of LPS-induced ecozymatic activity can be
atixibuted o different conplexity in glyeseviation.

EXPERIMENTAL FROCEDURES

Unises otherwise stated, sll reagents wore of molecnlar biclogy
grade, purchased foom Sigma,

Construction of Expression Plasmids

Drrosuphile sxpression vector, pAch, UVE-HisA (Invitregen} was ssed
Tor fuston expression. Fhe paiive sigaal peptide sequence of full-longth
(FL} FC cDNA was replaced by & novel secvetion signal to divest tha
fugion protein st of the Drosuphile vells. Seven expression plasmids
ware constructed, with various combinsiions of ¥O domaing tnsevied
dewnstroam of secretory signal and npstroam of V5 and His, fusion tag:
FL, FL{--PRER), ES-PRR, E5, PRRSF, 8P, and SPFRRE. Fig. 1 depicts
the damsin sfructures of these recombinant conslrucis, Among the
soven constructs, FL, BRPRE, PRSP, and SPPRE contain PRRE. The
remeining three construets {(FL{-PRR}, 8, and 8F) lack PRRE. Unly
8, which vontains the N-terminsl LPS-binding vegion, Incks both PRER
and N-glycan gites, Yietails on cloning sivaiegies and secratory signal
sequence ave availshls upon regusst, Canine calnexin (CNX) {12) and
homsn calrationdin (RCRTY (20} «DNA&s were subddoned  inte
phch IVE-Hish,

Site-directed muiagenesis of the N-ghycan aites of ¥C was perfurmed
using the Guiklhangs™ site-direcied mutagenesis kit (Stratsgene),
Mutations wers veritied Ly seguensing.

Transient and Stable Trangfections

Plagmids were isolated peing CsCl-sthidivm bromide gradient altra-
cenirifugation. Dresophile 52 colls were wmaintatned st 25 °C in DRES™
medivm supplemented with 10% fodal bovine serum (CLONTRECEH).
Calelum phosphate-mediaied transiont transfoction was perfirmed ac-
eording to the manufreburers vecommendation nvitrogen). For siable
transfection, pOnHYGRD solection plasmid was cotranstected with Fac-
tor © cxpression construcs, selected with 358¢ ug/mi hygronuyin for 4--8
woeks, snd adapted to DES™ serum-fron medivm,

¥For chaperone co-axpression studiss, Cellfectin-mediated (lnvitro-
gen} transfection was perftemed with DA mixture containing 1 pg
each of FC and shaperone expression constvuct. Coniral transfeciions
ware performad with FO exprassion conatrucl and pavestal pael. 1/V5-
HisA INA instead of chaperone expresaion constructs.

Partial Tryptic Digestion of FC

Two pd of trypsin solsiion (100 ngfpd) In 50 mdt avetic acid was added
ints 200 pg of PO ip 100 uf of 80 my N HOG,, The digestion was
servied oub at 4 “C. At time indervals, 10 @ of the reaction mixture was
repoved and levminated by 4 plol the 4X 808 sample butffer. Weslows
analysis was performed on the digesied samples using poiyrlonal vabbit
anti-FC antibody.

In Vive Giycosylntion Inkibition and Cond-Sepharvse
Binding dssay

Tunieamyein (TR inhibits M-glyesaylation of glycoproteins by block-
ing the fst step in N-glycan hisgynthesis, whersas a-deoxynoiirtmyein
(NG and s-desxymavnoiistmyein (¥VLT) spestfically inhibit n-ghososi-
dasr and w-mannosidase activities, respectively, thus blocking the son-

Folding and Secretion of o Multidomuain Serins Protease

version of high mannmse oligosaccharides to complex-type olipesascha-
rides. 82 cellz stably exprossing FC were exposed to sublethal doses of
TH (5 u giral), TN {5 rax}, snd DM {2 man), Proveins from frerted culls
were collovted af 24 b and subjected to af¥finily chromatography on
Conh-Sepharose (Amersham Bicasiences). Conditioned madium enme
toining 10 pyfml secrsted FO snd ooll ysste profein contatning 1 ugiul
eolbudar FO were tnoubated with one-fifth volume of ConA-Sepharose st
25 *C for 1.5 h. The unboeund fraction containing aglycosylated FC was
rocovered by centrifugetion at 2000 X g fr & min, The resin-bound
ghyoosyisied FLO was dissuciated vis boiling for § minin 3 vestn volumes
of BRS-PAGE lnading buffor. Both fractions wore subjected to Weastern
analysis,

Imemunoprecipitotion el Anulysis of ¥C and Chaperone
Associoiion

£2 cells co-transfecied with FC and chaperone exprossion plasmids
were oolfected on day § post-bransioction sud washed beice with 1.0 mi
of PBS. Cells wevre resuspended in B00 pf of ysis buffer (0.1 PBS, 1.0
m phenyimethylsulfonyl fluoride, 1.0 pM aprotinin, sheared seven
timeg theough a 37-gavge needle, and centvifnged at 14,000 « g for 15
min, SBupernatant containing the csll Iygate (1) proteing was retrieved.
The pelleted membrancs (P were solubilized in 500 gl of lysis bulfer
coptabning 1% digiionin for 80 min 33 4 °C with oveasionsl agiiation.
The szuples were clarified sl 14,000 X g fur 18 min o separate sggro-
gates from soiubilized proteins, which were used for subseguent
tmpnoprecipitaiion.

Fifty pl of profein A-Sepbarose {Awershasm Biosclonves) was now-
bated with 8¢ gl of PBS containing 2 ul of anti-V3 antibody for I h at
4 °C. Aiter invubation, 108 pl of solubilised protein samples was imaa-
poprecipibated st 4 °C overnight on & rolator, The samples weve cenlri-
fugnd and washed thres fimes with ecld PBE. Forty pl of SDS-PAGE
londing buffer was added to each tube and bolled for 8 min befors
Wostersn snatysis.

Concentration and Partial Purification of O

Culture medium contsining ssereted FL was wollscted after cen-
trifugation of el culiure at 8000 « g for 10 min at 4 °0, Medivm was
concentrated 10-fold by uitrafiliration using a regenerated celluloss
mzzabrane sagsetts (Pellizon Xy 3¢-kIta molscular mass oat-off; Mil-
Hpore Corp) at 4 °C. Concentrated protein ssmuple was chromats-
graphed on & Sophadez G-100 (1.3 X $0-om) column. Fractions con-
taining partielly purified FC wers pooled and sonsenirated using
Cantriprep-regenerated cellulose wmembrane (30-KDs molecalar mass
cut-offs Amicon YM).

In Vitro Endogiycosidase Digestion end Glyean Differesdiction

18 g wach of partially purified secveted PO from SIB-BEVS and 82
was denatured in 5% S8, 10% f-mercapioethans! for 10 min at 100 °C
and sulgeeted to wrdogiveosidase 1 and peptideN-glycanase F (New
England Biolahs) digestion at 37 °C for 18 b, fllowed by Wastern
analysis wsing anti-PO antibedy, Contesd samples were troated in the
soame way cxeept in the sbsence of enzyme.

For the glyvan ditferenitation sssry, Fls from LAL, CAL, Sf4-BEVS,
and 82 warg puritied by pestein A-FC aniitbady affinity chromalogrs-
ehy. Filty u} of protein A-Sephariee {Amersham Biossiences) was in-
cubeted with 53 ul of ¥BS contsining 19 wl of enii-FC anitbody for 1
at 4°C. 100 pg of FO samples were then added fo the pesteln A
Sepharase complex ard neubated at 4 °C overnight on a rotator. The
samples were centvifuped and washed three times with PES, and FC
was recsvered from protein A-Sephaross by boiling for 10 win n P8BS,
Lectin binding assay of the immunoaffinity-purified FCs was carrind
out using the DIG glvesn differentistion kit {Roche Molewslar Bio-
chemivals), accovding to the wanuiveiures’s nslruciions,

Functional Analyses of Fls: Brndotoxin Binding Qssey

The LPS binding potentisl of vartous ¥C proteins were snalysed
uaing (@) LPS BLISA-based assay aud (5} surfave plasimon resonasce
{SPR.

ELIS4-based Asacy for LPS Binding—This assay was performed 85
desevibed by Tan ¢ ol {10} with some wwdificationy. Cogling of a
polysorp 86-well piate (NUNC) was achieved by incubation at 37 *C for
2 b, and hivcking was performed overnight at 25 °C. 16 pg of protein
saropie was sdded into esch wall and incubaiad for 18k at 25 °C. Bound
¥(s were detocted by sequential incubation with primmry rabbit an-
H-PC antibody (1:500 dilution, 3 h a% 87 °0) and gont anti-rabbit ser-
ondsry antibody {1:2000 Slution) conjupated to horseradish persxidase
{Daka).
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SER to Detering the B, of FO for Yapid A—&n4i-V8 aniibody at 20
ugim! was immaghilizad to CME chip {dmersham Bicsrionces) arcording
30 the manufecturer’s specifications. & low sapacity corting for kinetic
sludy was sehieved as indicated by an tncrease of 1418 rosonanes wnils,
FO samples were injectad at 10 p¥min over the anti-VE antibody sur-
iarve, resulting in capturs of 5.0 pmol of FL (determined by densitrrast-
riv seanning wsing pure B8 a8 standard snd novmsiived based on thetr
peptide size) from the conditioned madium. Subhsequently, lipid A at five
differsnt concentrations was injected at ¥ ulfmin o sxsraine nterac-
tiosn between FC and lipid 4. The affinily congtant was caloalated using
Blasvaluation program (version 3.0.2) and reconfirmed using CLAMEP
{31} For regepsration, 100 mam NaQH was wsed. Valuss reprosent the
mean of three independent axpestments.

BESULTS

FRE Is Ortical for the {orrect Folding and Secration of
Downstream 8P Domain—Seven expression plasmids were
tranefected into 8% colla. Imwunshiot analysis shows that all
the stable 82 transfocbants exprossed Fls, albeit displaving
ditferent amounts and expression profiles (Fig. 14). Inferest-
ingly, although subcloned downstresm of a potent secrvelion
signal, not all of the FC proteine wors secveted, suggesting that
the Isealization of FUs might be gignal seguense-independent.
We observed that the FlL could be defscted in the culturs
medivm, However, the deletion of PRR frow FL, vielding
FL{-PHR), is not secreled (Fig, 14, conglructs 2 and 2). Thig
indicates that PRR s imporbant for the secretion compelency of
¥g, We next tnvestigated the relative conbribution of PER fo
the functionaily distinet LPS-binding nod scrine protease do-
maine, uzing paived troncated FOz (BSPRRE versus B8 and
PRE-SP versus 8P) confaining or lacking the PRR (Fig. 14).
Neither the preservation nor the removal of PRR affects the
secretion competency of the LPS-binding domain, ES (ESPRE
and ES; Fig, 14, consiructs 3 and 4€), Similaely, when PRR was
localized upstresny of 8P (PRRESP), as o the native FC, the
PHRE-SEP profein was sasily detectable in the medinm. Interest-
ingly, when the PRE was deleted, the serioe profease domain
atone (8P) is no longer detestable in the cubturs medium (Fig.
14, congtructs & avd 6. This clearly indicates that PRR is
eritical for the ssoretion of the serine protease domain.

A major difference between secrefed and cellular FCs that
harbor 8P was that the secreled FCs (FL and PER-SP) have the
PRE domain localized upstream of 8P, without wihich 8P is oot
seereted ings the medinrs, To verify the bmportance of this
modular amrangement between PRR and 8P, the PRE was
subcioned Cterminal to 8P (SPPRRE). The PRE domain in this
reciprocal conetruet was not abie to reseue the iniraceliular
retention of SPPRE. Taken fogether, the PRR region of ¥'C is
important for correct folding of the downstream SP dowain and
thab intracelintarly localined ¥ls might he misfolded.

To shed more Hght on the role of PHRE iu folding of the
downstrears SF domain, pariial frypiic dgestion followed by
Western analysis was carried out on two pairs of FCs: (g) FL
and FLOPRR) and () PRE-SP and 8P, (rver the obssrved time,
distinet protein fragoents of FL (132, 80, B2, and 38 kDa) and
Fragments of PEB-SP (58, 52, and 38 KDa) ware clearly detect-
able by anti-FC antibody (Fig. 158}, sugpesting that they were
properly folded inlo a sertes of individusal compact demaing,
which are relatively trvpsin-resistant. It i inieresting o nole
fhat two of the {ryplic fragments, 80 and 52 kDa, corresponded
to LPS-activated autocleavage of Factor . Imporiantly, both
PHE-deficient mutants, FL{-FRR) and 8P, wors vapidly di-
gested by trypsin and were not defectable by antd-FO antibedy
after 1 h. Two iscforms of 5P, of ~38 kDa, were observed, of
which the larger isoform was rapidly digested by trypsin. In-
teresiingly, the winer smaller isoform increased slightly aver
the fested tivae perdod. This incresse coudd be generated from g
somal! subpopulation of the larger iscibrm, and the smaller
isoform was reletively resistant to fvvpsin digestion. Thesse

36365

resulis show differences in profein folding between inbracelin~
tar PRE-deficient PCs and secretion-competent ¥FOs, It is en-
visaged that lack of PRE upstream of the 8P domain fands to
result in misfolded FCs, which expose more gecessible trypsin
cleavage sites that render them more susceptible fo protense
digestion.

Clearly, PRE is important for the folding and, henes, secra-
tiown of the serine protesse. Bssentially, PRE can only exert its
effsol when the serine proteass domain is localized downstraar
of it

N-Glycosvlation Is Reguired for Proper Post-iransiotional
Processing—We alao observed 3 differential dependence of the
two functional domeing (piz, LPS-binding and serine protesse
domains} on PRE for folding and secretion (Fig. 1), The secre-
tion competence of LPS-binding S iz unaffected by PEE,
which is in contrast to the SP. A distinguishing feature of K8 is
that it lacks N-glyeosyiation sites compared with 8P or other
SP-harboring FCs, which contain multiple N-giveosyistion
gites. Thus, we nexi inveshigated the significance of N-glyeosy-
iation on the expression and seoretion of FC.

The secreted FL protein i glycosylated and is able to bind to
ConA-Sephareze (data not shown). FL proteins from 8% sells
treaied with TH show progressively decreasing size based on
their mobitity (Fig. 24} suggesiing a loss of N-linked sugar
chaing, Aglhyensylated FL was detectsd only ln the L and P
fractions, which clearly indicates that loss of N-glycosyiation
inhibiied FL gecretion. The absence of Neglyoosylation of ¥L
aftor TH treatment is alss confivmed by 8 inability fo bind
ConA-Sepharese Fig. 257, In contrast to the effects of TH on
FC secrstion, cells treated with DRJ and DMJ exhibited no
difference in expression level or disisthution patiern of FCg
(data not shown). Thus, the conversion of high mannoese olige-
saecharide to complex oligosaccharide is dispensable for pro-
tein seoretion.

To detormine the erifical N-glyean sitos, 2 series of plyromy-
tations were infroduced (Table 1) The position of PRR is sush
that i partitioned the Flinto the M-terminal LPS binding and
the C-termingl servine protease regions, Thus, we decided to
rmndate the N-glycosyintion sites sequentially from each termi-
nal. Single disreption of any one of the siz N-glyean sites basne
shservable impact on the FC secration (Fig. 20, Saries 1, How-
ever, the elimination of two sites, particularly NBISQ/NGILG
and NTSTQ/NGIZG, impaired the sxpression of FL Fig. 20,
lancs | and & of Series ID. Although mwtaiion of the three
consecutive N-glvean sites located at the N terminus caused
dragtic redustion of the expression of FO, this autant FL is il
secreted into the culbure medivm (Fig. 2C, lane I of Sertes I,
In confrast and importantly, the mutation of the thres consec-
ative C-lerwsinal N-glyean sites located downstream of PRRE
atfnear the B8P damsgin botally abolished the seevetion {(Fig. 2C,
lane 2 of Series Hi). The removal of 2l six glysosylation sites
(i.2. aglycosylaisd FL) ig nolb secretion-coropetant (Fig. 20, Se-
ries £V} Thaus, in addition fo PRE, the N-plycosyliation aites in
the 8P ave also eritival for profein expression and secretion, We
next sought $5 388088 the eontribution of N-glycans to secvetion
competence and alse to determine a possible functional depend-
ence o PRE,

N.-GHyeanes Interact with Mplecular Choperones to Enfiance
Solubility and Secretion of FO-To further examine the in-
volvement of N-glycans in the secretion pathway, co-expression
stady of FC with two molecnlar chaperones was carried out.
UMY and hURT were exprossed in 52 colls and thelr expocted
protein sizes and celiular lecalization were detected with their
regpective antibodies. The expression levels of the ¢CONX and
hURT in 88 were also comparable (Mg 203).

The overall expression level of FL, as determined by densi-
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13, 1. Domain strueinre, tsrgeting, localization, and folding of ¥Ua, 4, damwain sivucture of the iiﬂl-lengt}x Factor C and the delation,
homologies, The recombissnt fusion sites of diffovent domaing sre indicated by wpmard arrome with the avaing soid nambering in the origing!
Careinogeorgsing resundicsnde FE21 (GanBeank™ sovession ne, 877063), The phyvevsyiation sites ave msrked with green closed dizmaonds, Dorkly
shaded arsg, secretory sipnal {ssd R, cvsteine-rich region; imnvmfaiiy sériped areg, spidermal gmw"h fashor-like domaing SI-5, sushi-like
domaing 1--8; LECTIN, lectin- liks domairn; PRE, proline-rich region, in red; 8P, serine proteasse coding region; dicgonally siriped region, V5 epitops;
vertically striped region, His, tag. Targeting of the seven recombinant ¥Cs was detestad by Western blot. M, 1.0 pg of culiure medivm wntaining
secretad protoing £, 20 pg of cell lysates in PBE containing collular proteing were obiained by five eycles of froeze-thawing of colls, follrwed by
centrifugetion at 12,000 X g for 15 vain at 4 °0; P, 20 sy of insouble pollel obtained ab this step was alss colleied, walghed, snd solubilized in 1X
SDS-PAGE ssraple buffer. Proteln concentration was mersured by Bradfurd assay. The relative distribution of TC proteing in 3f, L, axd P fractions
was revenled using anti VB horseradish peroxidase antibody (Invitrogen}. Membranes wore visualized using the Supersignal® Weet Pleo Chawd-
lumineseent Substrate (Plercel. ‘The amount of ¥O was quaniitated densitometrically by ueing fmageMastor {Amersham Rigsciencss) software.
Pure 8 protein (10) was used as standard. Band intensiiies within the lnesr range were measured. 8, partial proloolyais of FOs. FCs (¥,
PLAPRR), PRESP, and BF) wevs partially digested with trypsin and collected af time points s indiested. THpestad samples weve snalyesd by
Westersn snalysis using polyelonal rabbit anti-FC antibody. Distinet stable protein fragraeants of FL (182, 88, 52, and 3% kDa} and PRE-SP (55, 52,
and 38 kDa} were deteciable,
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Fi 2. N-Glyeans sye regnived for proper FO synthesis and tergeting. 4, immuncblot of F1L from the M, L, and ¥ after ireatment of 82
cells with TH. Western analyses used 10 pg of medivm (31, 20 pg of lysate (1), and 20 ug of molubilized polizt () B, smmunoblot affer
Cond-Sephavose hinding assay of FL fears M and L. Protein samples were collocted from solls treated or not with TM for 48 b U8, unbound
prototay; 2, proteing bound fo Cond-Sepharsse. O, hnvaunshiots of FO sgeuples from 82 cells transfociad with PO glveomuiants, Cell oultsire
supernstant was prepared from 82 expressing wild type FL and FL glywomutants. Protein sarmples were cullevted as described in legend of Fig.
1 1D pg of medivam was resolved in 2 8% gol by SDS-PAGE. All tranafoctions were done in pavallsl. The bist shown is representative of three
ingependent expariments. fmmunchlotiing was performead with antl-Vi-horseradigh peroxidase aniibady. £, expression level of ¥CUs co-axpressed
with wolocwdar chaperones. Bxpression of cCNE (D) and hCRT (2) in B2 cells iy shown. 82 colls transiocted with pded, LVE-Hisd vacior or chaperone
exprossion constructy ware coltecied on day B, Soluble lyvsaie (I} and paviicalate (F) factions were resolved by SDS-PAGE snd analyzed using
respective chapersne antibodies. Antibody for ¢ONE is from Transduction Laboratorics, and antiboedy for h{TRT is from Stressgen. cCNX is defected
in the P fraction, and BORT is detected in hoth the L and P fraction. Thess sxpression profiles comform to their origingl nature, in thet cCNX is
integrated into the ER membrane, wheress hURT are ER lumine! proteing. E, compavisen of secreted FL, ES, and collular FL{~FRE), SP
ao-exprassed with chaperones on day § post-iransiection. Helative values calonlated from the dengitorelric data ave shown, with the vabue for the
52 ceils transfected with FC construet slone arbitearily set ss L Brror bore veprosent the 8.8, (n = 31 F, {off pesed, direct intersction of glycosylated
FO with dhoperones. Digitonin-solubilived cell lysates (L) from 82 cells transferied with vector-pdeB. IVE-Hisd, «CNK alone, FL(-PRRE) + «CNX
and BF 4+ «CNX wore precipitated overmdght with anti-V& antibody. The imwmunopresipitates were subjected to SDS-PAGE snd probed with
anti-cCNE antibody. Right panel, sssociation of shaperene and FL under glycosyistion-inhibited conditions, 82 colls co-transfected with ¢CKX and
GF (rner 2-5) wers pretraated svernight with TM (& pgfml, Zone 83, BN 5 mss, dene £, and DMS (2 wig, fune 53 befors transiection and inoubated
with these inhibitors after transfection. FUs expressed were then provipiteted with anti-Vi sntibody, and the chaperones that associsted with ¥C
ware anabyzed by SDS-PAGE and immunchiviting.
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Faniw 1
Ghycomutants of Foctor C generated by site-directed muatupunesin

Matanh Lomsensng segusncels) sisraptes

Sertes ¥ PO wmutsats

NE28G Ase-323
NE3AG Asn-334
NE24Q Asn-824
NT40Q Asn-748
MISTR Ban-TET
NBIZQ SoB1

Berieg If FC mutsnts

NB23YINB344

Asn-523 and Aan-584

NB34YNE248 Asn-634 and Asn-624
NERAHWN 7406 Awn-824 and Asn-740
N7TAGGWTETY Asn-T40 and Asn-757
NTTQB1EQ Asn-T67 end Asn-8312

Series I FC mutants
NEZSQINE3QNG24G
NT4ADQINTETQRNGLZG

Beries IV ¥O mutant
Ni-53

Asn-523, Asn-534, and Asn-624
Asn-T40, Asn-767, and Asn-818

A1 six sites

tometric seanning of the immunablot, inereased over time, and
peaked between 5 and 7 days {data not shown). ¢<UNX caused a
3-fold ipcremse in the level of secreted FL, whereas hCRT
minimally enhanced FL expression. Next, the effects of chap-
erone on the expression level of cellnlar Fls lacking PRR,
FLO-PRR) and 8P, were examined. Although overexpression of
cONX and bUBT enhanced the solubility of FL{~FRE) and 8P
to variable degrees (Fig. 3/, none of thess chaparones was able
to rescue the nonsecretion of PRR-deficient FCa: FL{~FRE)
and SF. The chaperonss did not affect ES sxpression and se-
cretion. This i3 not surprising, since the LPS-binding BES do-
matn iy not glyessyiated (Fig. 2E). Codmwunoprecipitation
experivaents  showed  that oUNY  co-precipitated  with
FL{-PRR) and 8P {(Fig. BF, left panel), but no apperent inter-
action was shasyved with bURT (data not shown). Since hCRT
consistently gives a small increase in PO sxpression, it is con-
ceivable that the asssciation betwesn FC and BORT is tren-
siewt. Specific inferaction belween the Neglyeans of FO and
eONY was further confirmed using N-glyeosylstion inhibiiors,
T, DMNJ, and DM, Consisient wilth the above obsesrvaiion,
ireatroent with TH and DRJ abolished the interaction between
¥O and oUNX, whereas DMJ had no effect (Fig 2F, right
paned). This clearly indicates that the N-glycans on the ¥O
molecules are respongibls for interaction with ¢CNX, In addi-
tion, cCNX probably recognizes ceriain structures of FO N
glyeans and binds spectfically i the deglucosylated forw of FC.
Taken topether, the results indicale that N-glycans are impor-
tant for intersetion with ¢CNX, which increases Phe solubility
of the P protein, and that its ocbsesved offoot on protein secre-
tion is secondary to the lack of this interaction. Furthermore,
the PRR region, although eritical for the correct conformation
of the downsirear sevine proteass domain, s dispensabis for
the interaection with thess chaperones.

Specific Glveosviation Modification Is Reguired for FC Enay-
mudic Aciiviiy—Iin addition to its conimbution to protein solu-
bility, &glyeans have been reported to tntlnence protein func-
tions (18). Since plyeosgintion is the only posi-trassiational
modificalion koown so far in ¥Os, we attempled to precisely
investigate the extent and fype of ghycosylation in FO that can
alter LPS-induced autocleavage snd itz enmymatic activity.
S{-BEVS FC was previsusly demonsirated fo exhibit LPS-
induced clegvage and enzymatic astivity (32).

BEndoglyoosidase ¥ and pephideN-glycanase F digestion
analyses show the presence of both high mannose and complex
glveans on 82 FU and SIB-BEVE ¥O. Differences in their mo-
bility indicate that S{8-BEVE FC contains 12 kUa of complex
N.glveans and 82 FC harbors 8 xDa of complox N-glycans (Fig.

Folding and Secretion of o Multidomuain Serins Protease

343, Thus, it appears that 82 ¥ ix loss glycolytically processed.
Golasthus nivalis sgglulinio ireatment reverls the presence of
high mannose glycans in all four FCs, Sambucus nigra aggle-
tinin treatment yielded positive resulte for FUs from LAL,
CAL, and SOBEVS and only weakly reacted with 82 FO,
Interestingly, reaction with Muaackie amuwrensis aggiutinin
yislded the strongest signal with 83 FC, peinting io a difference
in the branching of terminal sinlic acids. 82 FC conlain grealer
gintic acid Hoked o{2-3) to galactose, which is in conbrast to
SB-BEVE FC, LAL, and CAL. The latiter thres ¥ls condain
more gisle acid lnked o{2-8) {o galactose. In agreement with
the endoglycosidase H digestion resulis, Datura siramonium
aggiutinin vielded the woakest signal with 82 FC, confrming
that 8% FC is the most poorly processed among the four FUs
(Fig. 8B). Collectively, we have shown thai the glycan strue-
tares of FC exprossed in 82 are different from Fls derived frors
818, CAL, and LAL. Such differences in glyeomodifications can
transisle into disparity 1o profein funciions.

LES activation of the FO expressed in the 88-baculovires
expression gystam was claaved indo twn protein fragments of 80
and 52 kDa (Fig. 30}, with resultant enzymatic activity (233, In
eontrast, atbempts ab mezsuring LPS-inducibls enzymatic ac-
tivity of 52 FC showed that it does not autecleave snd exhibited
no enzymatic activity. The above mentioned host sell-specific
complexity of glycosylation of the FUs offers plausible explans-
tiong for this lack of deavage and engymatic activity.

Secreted FL and ESFRE Reiained Their LIPS Binding Activ-
eg--Secreted 82 FOs were tested for thair LPS binding effi-
cacy using both ELISA and §PR. Using gel fltration-purified
FCs, significant ptd A dinding activity of FLi and BSPRR was
obgerved, as cowspared with the partially purified conditioned
serum-free wedium from wild-dype 82 cells. Both secreted Fls
were cgprble of delecting as low as $.05 pgfml LPS (Fig. 44).
The secrated PEESP was unable to detect LIS, indivating that
there is no LPS-binding domain in this molacule. The K values
of FL and ESPRR for binding 8 £ coli Hpid A was determined
using SPR. Fig. 48 shows a sensorgram of lipid A binding to
FL. The K, values were 2,23 X 1077 % and 8,58 » 1077 for FL
aud ESFPRR, respectively. It is interesting to observe that the
absencs of the lectin-like and sughi 4 domains leads to a 4-fold
decreass in aifinity for LPS.

TABCUSSION

In this study, we have identified two important determinants
of protein secration of & mosaic sevine protesse: the PRE and
cartain strategically located Neglycsns. PRR is necessary for
proper folding of the downsiream SP domsin. The N-glycans,
particnisrly those regiding downstrearms of PRE, at or near the
8P domain, contribube to stable nteraction with specific chap-
srone(s) and consegquently increase the solubility of Pl Al-
thengh both factors are inveived in different aspects of prodein
sxpression, they are equally critical for the mabturation and
secrebion of the protein (Fig. 3). We alse identified two potential
domaing thai coniribute to the LPS binding sobivity of FC, The
ahsence of the lectin-like and sught 4 domain in SPPRR leads
o ap apparent decrease to affinity for LPS by 4-fold compared
with FL, indicating thatb thedse {wo domaing could either affect
the conformation of the upsirears LPE binding domatus oy
divectly condribute to the binding of LPS, Finally, we provide
evidence that the N-glycans are dispensable for LPS binding
but that the differential complexity in glycosylation i3 critical
for LPS-iunduced cleavage and enzymatic gobivity,

PRR Governs the Folding of Downstream SF Domein—The
gignificancs of modular aerangement o the stractural infegstty
aud funetionalily of renitidomain proteins such as Factor X1
and ¥O may provide us with imporiant insighis inte their
regulation, sctivation, and substrate specificity. The availabil-
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(M

Fic. 3. Comparison of the extent
and compiexity of glvossviation in 82
PO and BIB-BEVS FO A, sndoglvoosi-
dane trentwment revenled thai BB-BEVE
FC has roors complex N-glyeans. The mo-
lecular mess ahift afier sndoglyrosidase
H (¥ndo £} trestment indicates the ox-
Lot of high wmannose Nglvean chains,
whesens the shifl siter peptideN-gly-
canase F {PNGase F} treatment indicates
total N-glyeosylation (ncluding both high
mannogs and complex sugar chaing), The
sine diltovence belween peplide:d-gly-
cunnse Ftreated PO sample and FE Tal ~
(ransgcription-coupled transiation) prod- N
uet is attxibutable to O-glveosviation. B,
glycan differential assay of 82 FC and
GR-BEVE FC. Lone I, ¥C; lone 2, ¥C
without N-giyeans, The Neglycans were
detached from FO peptide chain by treat-
mpnt with peptide:N-glyconnse ¥, and the
froe ghycar chains are removed by centrifs (B}
ugation through a 30-k3a melecuisr wmass ’
cut~sfE Microcos ttes (Sadenn), . nivedis
rpplutinin (GNG), S nigre aggiutinin
(BNA), M. amurensiz agghatinin (M44),
peanut sgghutinin (P4}, and D. stramo-
niven apghutinig (D8A4) have gpecific ai-
Hudty for terminzl wsanose, sisfic acd SR
Honked w(2~-8) to palrcless, sinlic aeid o
Hnked «(%-3) to galastose, C-glycesid-
ivally linked sugar chain, angd Galf-(3-
HeNAC e complex and hybrid N-gly-
osne, respectively. 7 nivadis agphulbinis
trentiment vielded pusitive signals for aif
four ¥Cs; 8. nigra sgglutinin treatment
vielded positive resuits for FOs from LAL,
CAL, and Sf9-BEVS and only weakly re-
seted with 82 FO. Beactton with M. e
rensis aggiatindn yislded the sirongest
signal with 82 FC. 8. nigra agglutinin did (0
nat  vescet  with peptidedN-glvanase &
Foireated ¥O samples. D, siramonium ag-
ghutindn vielded the weakest stpnal with
32 FC. €, comparison of LI activation of
SPe-BEVE FL and 82 FL, Incubation of 15
a5 of ST9-BEVE P and 82 FU with 36 EU
of LPS wasz carvied out at 87 °C for 1 he
The activation of FC from SR-BEVS was
renadily sheevvalls (autoctervage tote 80-
snd 52-50s bands). 82 FC remsined in-
trct afder the LES treatment.

LAl

ity of secreted recombinant proteasss o a heterclogous sysiem
ie usually preforable for ease of subsequent purification and
funcional studies. Sioes the secretion of a protein relies not
ondy om e signal peptids but alse on the intrinsic amine acid
sequence that determines the final tertiary structure of the
mabure profein, we examined the secretion of FC constructs
containing different moduler domains in thetr naiive and re-
ciprocal postiions.

In the middle of the FC molecale 1s the basic PRR (amino

melogy 2 binding core matifs (23}, PXXF (underlined; P denctes
profug), Sre bomology 3 domains affect prolein targebing and
enzyrsstic aolivity and play a rele in signal traasduction (24). It
is possible thet the PRR of Favlor C is involved in transducing
178 -induced activation of the serine projegse enzymatic activ-
ity as well as conlribating o the LPS-dependent multinctiva-
tion of Factor £ via protein-protein interpetion (88) In addi-
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ton, the PER of Faclor € shares homology with the hinge
region of humen coaguiation Factor X1 (88). Henes, i is pos-
sible that the PRRE acts a3 2 srucial conformational motif nee-
sgsary for the secretion and function of such serine proteases.

In this study, we consiructed and expressed & patr of FOs (FL
and FL{-FPRR}} with a view to examine the functionsl signifi-
canee of PRE, The FL was officlenily secreted and fully capable
of hinding LIPS, In conbrast, the FL{--PRR), which lack the
PRE, wore exprossed mbracelinlarly and were nonfonclional,
The expression profile of three sdditional ¥FOs, SF, PRR-SP,
sud SPPRE, confirmad that PRE i3 cesential for folding and
gecretion of the downstream 8P domain. The intreduction of
PRR Caerminal i BS kas no obsarvable offect on BES axzpres-
gion profile, suggesting that PRR only exerts its influence on
the downstresm domeins. Thus, PEE isell may sct as an
ntrarsolecuiar chaperone for correct folding of the downsiream
8P region for its subseqguent transporiation ihwoungh the or-
ganeile. In support of sur daty, it was veported that the mind-
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mal portion of secreted Factor XL, which is also & multidomain
sertne protease sivailar to FC, also contzing PRE (37

The differential susceptibitity to trvpstn clearly dexsonsteates
the importance of PER in the corvect folding of the downsirenm
5P region and in directing the secrotion of glycosylated FC (Fig.
1B). Trypsin acte prefeventially at the uniblded regions in pro-
tedng, such a3 the domain boundaries of 2 moesate protein, It i3
waorth noting that ov the basis of requencs specificity alone, thers
are close to 100 and 50 potential trypsin cleavage sites for FL and
PRE-BP, respectively. However, only three op four characteristic
bands, representing two sets of ralatively proteass-resistant Brag-
menis, were delected after partial frypiie digestion, Therefore,
the sisble fagments are attribuiable o the compacily folded
individusl domaing, The 38-kDa stable fragment sbaerved after
digestion of hoth FL: and PEE-SP could be the properly folded 8P
domain, On the contrary, PREdeficient mutants, FL{-PRE) avd
SE, failed to give rise to characteristic paiterns of stable produsts,
suggenting that they ave incorrectly fulded and are more suscep-
tible fo proteciyiic digesiion,

The eryetnl strocture of a calalviic fragroent from homan
Cls, which shares high similarity to Pactor € modular archi-

tocture, hias bean determined (38), The CCP2 meodule {sushi
doresain} of Cls is orienied perpendicularly to the sarface of the
S domain, and the connection s maintained through a rigid
modnle-domain interface nvolving inlertwined proline and
tyrosine-rich polypeptide segmenis {(28) Since the residues
mainiaining the interface ramewsrk are bighly conserved in
the sushi-SF family, it 33 believed that the rigid sushi-SP as-
serbly i3 alsoe present in Factor C (28), Conststent with the role
of a module-domain interface, sur daia show that the absence
of PRE changes the sushi-SP assersbly, resulting in misfolding
of the deletion homologues, rendesing them nonsecretory,

Many other studies have documented the importance of PRE
to the biological functions of different proteins, aud thai its
ramoval adversely affects the loealization and activity of such
proteins (30-33), Thus, rather than being resirvicted to 2 small
subset of serine proteasses, the PRRE could be g universal con-
fornaational motif that regulisies protein largeting.

N-TGiyeasns Contribuls o the Interaction with Chaperones and
Solubidity of the Becombinant Proteins—Whereas the data
above clearly demonstrate that PRE is an imporiant secvetory
determinant of FO, PRR also exerts » preferential effect on the
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SecraifonPunotions

F Ssvavsasisn of

Q- PR B Mgl shegpwreas

Dlevgraarants

Ied
Hunhls tr seorsn

Fic. 5. As Hastration of PRE nnd N-glvesns involved in seore-
tion of FC. Gray siring, cysteins-rich region; nrange siring, epidermal
growth factorlike domain; green zéring, sushi-like domains; black cir
ole, lectin-fike domain; red siring, profinevich reglon; &fue conl, sevine
protesse native confurmer; blue string, misfolded sevine proteass; black
ovad, N-glyenn; round gray shapss, proteins involved in fulding, assem-
bly, and secrotion {e.g. chaperenes, foldases, signal peptidase, and gly-
cosidase). The hypothasis was confivmed by (@) the ramaveal of FRE from
B, which complately switches its exprassion profile and protein son-
formation and reconfirme PRE to be an tmportant seeretory deterand-
nant for glyrosylsied FC; &) mubstion of N-plycan sites thet impaired
the secretion competency of FL; and {¢} co-oxpressed shaperone {e.g.
ealnexing, which ssgoriates with glveogviated FL protein ard sssigts the
reverssl of this impairmeant Lo a certain extent, to suhanes itg soiubility
and seeretion. Thus, wheress FRE i crucial for corseetly divedting
folding snd secrstion of the downstream glycssylated SP domain, chap-
erones snd faldsses also play a role in enhancing protein folding, to
ensure that the medular srrangement of the glycosylaied protein is
properly folded fo ramain soluble or targetad for soeration and to exhibid
iull funclionalily,

seving protease domadn, SE, and not ov the LPS-binding ES
domain. A distinetive characteristic is that ES does not harbor
any N-glyeosylation gites. Using aspecific glycosylation inhibi-
fors and site-directed mutageneais, we demonstrate that inki-
bition of glycosylation blocked the secretion of FL. The agiyes-
aviated FL became intracellularly lscalized slthough thelr
corresponding PRR was present, thue indicating that Neglyes-
sviation iz alas critical for PRRE-depondent secpation (Fig. 5.
The importanece of Neglyesus for the secrstion of FC was ress-
pitulated usilng site<iirected mutagenesis of the N-glyveesyla-
tion gifes. Inlerostingly, the ablation of the three N-glycan sites
at the C termings i positions 4sn™, 450", and Asp™?
completely abolished ascrelion. Codncdenially, these ihose
sites reside downstream of PRR at or near the 8§ domain. The
pariial dependsnce of PO secretion on N-lnked sligosaccharides
appendices suggests that the individual N-glyeans do not bave
local effects on protein folding. However, when the A-glyeosy-
Iation sites at positioms 748, 787, and 812 are modified at the
sawe time, folding and secretion of FC are compromised ai-
ihough none of the glycans are needed individuaily, I view of
ihis observation, the oligosaccharides of FC aserm to have a
global effect on the fuldingfeccretion process,

These daia suggest that correct folding of the SP dorein is
the most eritical for secvelion of FC; the absence of PRE pre-
ceding this domain or the absence of N.glycans withie this
domain leads to misolding, which impairs FC secretion.

The mechanigm by which N-glyeans gid in ¥C secrstion is
attribulabie to iis ability to inleract with chaperones. (vesex-
pregsion of chaperones hes been proven {o mnprove profein
folding and stinulate secretion of cortain farget probeins (34

36371

37} In this study, the secrotion of FL and solubility of the
cotular glycosylated FCs (FL{-PRR) and 8P were greatly
enhavesd by the presence of ¢ONXE. Specific interaction be-
tween corbain structures of N-glyeans and calnexin was further
confirmed by 2 piveosyintion inhibition study, Thus, it is evi-
dent that the N-giyeans of ¥O function through interschion
with wslecuisr chaperones fo aid in profein flding and sabse-
guent secrotion. On the oiher band, co-expressed chaperones
did not overcoms the nonsecreiory problem of FLO-PRE} and
8P, suggesting thai thelr ntraceliuiar localization was dater-
mined by their conformation and not the lack of certain molec-
nlgr chaperones in the host cell secretion pathway.

Functional FO ghouid display both LPS binding activity and
LPS-ackivated anzymatic activity, However, these two propar-
ties were uncoupled in B2-produced FU. 52 FO binds LES, bt
it is not oleaved and not enzymatically activated. This is in
eontrast to 88-BEVS FC, which we demonstrated previcusly to
harbor both functions (22). Further aualyses reveal that the
loss/pain of enzymatic activily siems from subile difforences in
the complexity of glycosylation of ¥O, In agreement with our
results, over the last deends, vavious reporis (3&--41) have
dageribed that virsl infection of 3% colls temporally effests
wrotetn plyecsylation (f.e. the activation of glvecsyltransferase
genes takes pizce wnder proper conditions, depending on the
vives typs, promoter, and mediven), Normal glycoeviation char-
setaristics of insect cells were thus aliered to allow complex
bype oligosaccharide provessing io oceur, Thas, during baculo-
viral infection of §48 cells for expression of ¥, the viral infee-
tion procsss affects the glyeosyiation of FO, consequently al-
lowing it conformationsl change upsn LPS binding, leading to
Hmited profecivais and activation of the serine protesse sn-
ey, I contrast, being nonvivally infected, the 82 FC bears
differently processed giveans, sspecially those a¥near the cat-
alytic domain, Thus, due to the nonnative branching of the
adiavent N-glycans, the 82 ¥0 is nol protectytically clesved,
although it possesses LPS binding properiies. This is despite
the correct oversll protein lding and suscesstid passage of the
52 FC through the guality conbrol of the ER and Golgi, which
aflows its sucossefd seeretion, However, since PC is such &
demanding glycoprotain, rataining the LPS binding activity in
these secreted Fls does not satisfy the requivement for thety
conformational change indnced by LPE binding to yield enzy-
matic activity, This reveals another surprising impact of -
ghyeans on FO functions. Although differencas in recombinant
protein localization (42) and N-glycosviation hetersgensity (43}
have been reposrted in these bwo insect cell expresgion systierus,
PC from these two hosts ig so far the frst recombinant profain
te exhibit such warked funciional difference. Future under-
gtanding aund mavipulations 1w the post-transtational process-
ing pathway with szoglycosidagefglyoniransferases vondd pos-
sibly rasolve this problems faced by FC as well as other sevine
protoases,

In suvamary, we confirm that PRR of a serine profegse is
essential for the folding and secrefion of the downsiream cat~
alvtic domain, Thess vesulis soggest that the PRR serves a
simepie but essentisl role in tethering the structurally distines
hut interaciing domains of the protein. In addition, the secre-
tion sbifity of FUs was impsired in the absence of M-glyeans,
sspecially those residing at ov near the catalytic domain, We
alas report for the first time that co-expression of chaperones
sigaifivantly increnses the soluble and seoreted recombinant
protein fevel in 82 celis but has no appreciable effect on the
Jocatization of the protein. These resulte help to clucidate the
fPunction of different siructural dowsains of Factor € and how
ihe intringic properiies of various domains of such = mosmic
protein nfluence ite destination (llusirated in Big. 8). This
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general concept of the modular arvangement may be applicable
io other members of the muliidamain protein family, such as
bBlood coagulation Factor XIY, in particular the influence of
domain interactions on their cell sorting, seeretion, and fune-
tion. Finally, PRR is therefore o potential universal conforma-

18,

20,
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