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ABSTRACT & t

This " investigation de that lectrophoreticall cryptic, genetic

. variation involving methionine residues, can be resolved using site-specific

cleavage of the. polypeptide chain. with ‘cyanogeii” bromide, followed by

,SDS~polyncryl§rn;ide Jectropl is of the g Orosori id, also

called a -md glycoprotein, was used as the model to l,est thls npproach‘, L

because the proportion of methionine residues has-been r;eported to be less

N
t‘lnn unity in -this protein, evidence that can be interpreted as due to

. heterogeneity. A method to purify the model p‘rotein,’ éncsomutoid, from as

little "as 0.5"ml of serum Was developed, as a first step n this investi gnlwn'
&ienenc analysis of Ismnlml and popnlntmn mnter,ml conhrmed a

polymorphism, Val/Met, at residue 156.
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”Ob,reu',lveu
The objectives of this project: weré to develop a method to isolate

» ; orosomucoid cleanly from as little as 500 ) of serum, to cledve the isolated
protein with cynnogen bromlde. to study the mhentance of the alleles
the an/Mel. variation at posmon 156, and to determmﬂﬂe -

Al tliese objectives

frequencies of these allelfs in the general population

have been met, and are discussed in this thesis.
iy 3 g

Hlstory
A soluble carbohydrate-nz;h mateml in serumdepmlemated by heat
The

was first reported in 1892 by Freund (clh‘l in Rimington, T940)
e 3 “.h “presence of nitrogen in this preparatlon was averlookemd Freund called
: i the preparation 'Txergumml'. This same serum’ I'racnon was later

- investigated byﬂem (cited in Rimington, 1940) and because.it resembled
the term

- s
ovomucoid- (both have a high carbohydrste contet)
% g

“seromucoid® was given. to this fraction.
A protein was lsolnted from lhis heterogeneous serum fraction; by

ammonlum sulfate precipitation (Winzler et al., 1048; Welmer et al, 1050)
£

) ' anid was éalled orqxfmncmd f/?m the Greek 0pog, ‘serul

)
2 -~ Electrophoresis at’ p
component in the seromucoid I'rk'cliol_\. Under these tonditions orosomucoid

4-4.5" reveals orosomucoid as the major—




migrum tnwnrds the positive eleptrode (Winzler etal, 'lﬂia)

: repor!

.

‘.
= About the same nme as mmomlun snlhle preclpluhon was nsed to

isolate orolomuemd Sohmnd (1950) d isolated a glyco i .

ly

by I‘racnonmng Cohn's fraction’ VI w:th ethanol’ preclmnuon and named

ta -imd g{ycoprotem becluse o! its low isoionie point.

'."‘ 0 1coid and ul-uld glycoproteil are Ihe'nme prolem [Popenoe,
1855)' In uddit':on o ay-acid glycoprotein, orowmncald has also been

c:.lled the MP-1 component (Mehl et nl le) nnd a-acid beromucold

(Schmid, 1953). The name “ will be employed

Orosomucmd ls a glycoprotem pwtzms in ths cls.u cont.m &y

-
definition grexler _than 1% urhohydnte and vigorous hydrolysls is |

required o cleave the carboliydrate ouerém the protein (szler,
& fl & n

1960).  Glycoprotei ining 30-50% carbohydrate (or: id o
conr.uns nppronmnely 45%) are y’ouped mgether under lhe urm...\ ’
'mucald' (Winzler, mw) T{m 'munoxd' proteins chuu:lznmcslly

demonstnt: hlgh wlublhty n.nd shlnhty due tq" the. pmencz of lhe

o c:rbobydute whlch bears mulhpla nmomc mlduu (N-uuylneuumlmc or

sialic acids): Thue carbohydrate chains may be linked to the peptlfie ?-’

.o : i
" " »

ylglycosjdically -from.” N-acetylg to i or

ly linked O-acetylgly
g ~

to the hydmxy! groups <;l‘ serine

or whréonina Mild boro‘hydr&»'trenm'ent of the glycopeptide. in alkali ~

condltmlu cluv- ‘the O,,, ly linked carbohyd B ‘but mnre_
drastic treltment is reqmred “to split the Nglyéoslducllly llnked




cubokydnte from the protein (szler, 1960).
Orumncold is classified as one of the "acute phm proteins® because
its serum cencbntration is greatly mcrused in various @ﬂhologmal

mdlt\ons, in acute inflammation, in Gnum, md ev:n in pregnancy.

/-.

"Rhynul and thelyleal propertlu

.Ele;qmﬂ.mgn mobility - . <

Eleétroph oresis at pHSﬁ ins icting matrix (p:per or :;arose)

“

\u the sundnrd condmon uséd to deﬁne plasma pmtem mobll
i

i moblhty d at pH 86 is mongly anedal thus

S d_lssifying‘ orosomucoid s l\t\n- glohulm ‘;;Zmzler, 1980). The*

: elenlmphou'.lc mobility chmges to thatof a ﬁ’

sulin yhen nrosoniucoid
is"desielized (Krotoski and Weimer, 1066; Schnnd et d 1%1) Weimer )
and Rice’ {!957) first demonstrated- this phenomenon * of decreased

elect.mpborem mobility- after. desialization by electrophorsu of

.oroaomu:old pmnuly expoud to 0.6N pmhlom md at room.

t.empeulure.

hoelectrle ud Isolonle points- y .

Th: repohe‘d isoelectric point of ornsomucold varies, A vnlne as low as

pH- 1.8 pas reparted by Welmel et 8l (mso) 'but Schmid (1050) , using a

. cii'!erent b\ﬂfer-‘lylum,"determinzd the isoeléctric point of this protein: to

be pH27. Because thg type and concentration of Vnnim’m‘ present in the
buffer lyuem\'wiil influence the observed isoelectrjc po‘inl (Schmid, 1675) it

would have ‘been more appropriate to discuss the isoionic poitity a constant,
B e S .

™
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for this protein. The isoionic point is the pH messured in water and in the

absence of other solutes, at which the net ch'nge of the protein_ 'u’-:ero_. The

isoio'ni-c -poh:l of native orosomucoid is pH 3153 (Schmid et al., 1952]}.
Popenoe and Drew (1957) attribitte low isoelectric points fo the sialic

acids presént i the protein sad removalof the sialic acids increased the

isoelectric point ‘to pH 4. 5 in sodlum acetate buffer. Schmid et al(1967) .

d ined the.i: i pomt of desialized ._ id to be pH 5.4. *
\. : : -
Mclaenllr welght . &
One of the first esti tions of the lecul; welght of mucoid was

made by Smith et al. (1950) as 44 100 dnltons Mnre Tecent molecular
weight estimatiohs (Table 1) give a value closer to 4D,W0 daltons. The
higher molecular weight-determinuion ||;|y be due to partial d;nllurltinn
of the protein (Jeanloz, 1972). i SR :
The molecular -weight of the polypepnde chain was calculuted by
S;:hmnht al. (1973), from the afhino uld compqsluon of thi3 protein m be
21,270 daltons. Schmid (1975) mumed thu lhe clrbohydnie and

polypeyhde units aceount* for apymxlmnely' 45% md 55% of .the

lecul welght ",_' , and ‘l.hg lecular wejght of

orosomucoid: from the molecular weight of the peptide to be 39,‘500Vdnltom.

‘This value agrees with the lower estimations of molecular weight reported

in Table 1. The assumed molecular weight of orosomugpid for this report: !

is 4i),000 daltons.

L




Table 1: Molecular Weight Estimations of Human Plasma - ) -

Orosomucoid
" N -

° Method of estimation Molecular weight Refetence

Sedimentation diffusion
. . * —

40,800

" =~ (daltons)
Sedimentation-diffusion 44,100 smith et ali (1950)
;edimenFatlonTytscosity 43,000, . Bezkorovalnyv (1965)
_.Diac electrophoresis 38,8.0'0_ Kalous (1965)
.‘Sehlmer‘t‘n:im-diffl{siqn 33,000 K\Suasaki et al. (1966)
Sedimentatlan4di££u§10n' 40,000 Schultze and !ere;nna' (1955)
' Sedimentation equilibrium 40,000 . Li and Li (1970, .
) Sedimentation equilibrium 39,000 _Kawahala et 51.. ‘(«UTM
7 Amino acid aequen‘é 39,500" Schmid et al. (1973)
i, Sedimentation d,iéfualonA 744,680 .055 ind Bronson (1974)
Chax‘luoodﬂet al. 4(1976)

Te
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Solubliity »
Orosomucoid is the most soluble z;f the plasma proteins. This high
. Solibllity - has b sk attributed, in part, to the met negative charge ot
physiological pH.and the ‘presence of hydrophilic residues’ (Schmid, 1075).
. Although‘ release of sialic acid occurs at elevated tem;‘:emtu_xzes. and at' pH
lower than 4.0, this pt;otein \remains soluble in boiling wateér.- Orosomucoid.‘
is a true globular protem At low )omrqtrengths the solubnhty mcleases
with increasing concmuauuns of sodnng chloride and * solnblhty is a \
\

o N, minimum at the lsoelectnc point. . N |-

Orosomncoxd is also soluble i in 0.6M perchlonc acid, 0. 2M sull'osnhcyllc

acid, 0.3M trichl ic acid and smmoni sulfate cofe i below»
70%, saturation (Schmid, 1075). Rimington (1940) erroneously reported

that 0.3M trichl ic acid would p

y A .
- The ility, of or id , in  water-ethanol mixtures was T

 investigated by Schmid (1953). The addition of-heavy metals was reqmred

to precipitate the pmtem in low Con jons of ethanol. Oro coid

in 75% ethanol at DH 3 Swdl preclpna.te (Schmid, 1953). In addmos’m

lubility. i " d

in

sulfate or zinc sulfate, orosomucoid ls
precipitated b;_ saturited solutions of sodium phoephate at pH 3.0to -pH
7.0. (Schmid, 1953) sod” by acidified phos}pomngsziz acid (Weirer et al.,
2 b . 1950i. Phospl}ot“nn&stic acid is the mosi effective precipitntini" agent fo'!

orosomucoid.




= Dennnnllnn -

Orosomucoid can be denatured by boiling in distilled water, or by 10M
i.ﬂir, 10M urea or SM -guanidine HCL. A viscous, mixture rsnlu when
orosomucoid in the presence of 30% ethanol and 30% ether is left at room

temperature, but in-all cases the denaturdd orosomucoid remains soluble

- (Schmid, 1975) . -

[mmllnothelnlu.l proper%lea

Although orosomucond is a- wen.k antigen in most systems, nnubodla

. sgAmst orosomucoid , have been’ produced. Using whole serum, human ’

orosomucoid was shown to be slightly n.nugemc in rabbits (Jager, 1953)

The antigenici oﬂ:uman m rabbits can be mcreased when

orosomucoid is truud with neummmdue (Athineos et nl 1962). Why

the mt?ﬁlmy increases ‘with removal of suhc_u!d from the. native
protein fs not known, bui_ sialic dw is not important to the interaction of

orosomucoid and s specific mthy (Athineos et al., 1962).

" Aatibodies to humait orosomucoid have slso been _prepmd in chickens

(Stilberg et al., '1955). These sntibodies, which have been used to

ds id itativdly in both normal :ud, pathological

blood, d that . i ly 10% . of the total serum

_xlycbpmtem is orosomucoid (Shlberg et al,, 1955): Bnrker and Whnehead
(1053) have shown that the- antigenic site f orosomucoid is in lhe

polypeptide chain and not the' cnrbbl)yd_nte portion of the protein. -

. Exposure of orosomucoid to sollitiqns of dilute acids at room temperature

o elevated temperatures has Titkle effect on in vitro antigenicity (Krotoski




yand Weimer, 1066).
~—’

_Metabolism

Saricone (1963) d d that the ian liver

both the carbobydrate gn.d polypeptide units-of l.'his protein. \\;hile the
peptide chain is still on the ribosome the ju‘-ansrer of " an \
.acetylglucosaminyl residue to an asparaginyl residue “of the nascent
polypeptide chain _iuiti‘ate‘; the carbohydrate synthesis. Additionn'l
mondsaccharides are ldd:/d 4s the protein passes through the smooth and
rough endo‘ylumic reticu‘_um'?nd the final transfer of si.:nlyl residues occurs

in the Golgi complex (Jamieson and Ashton, 1973). Removal of terminal

sialic acids -clears id from the circulati by facilitating binding
to a receptor protein on liver cell plasma membranes .(Mor.éll et al., 1971).
*1311 Jabelling of orosomucoid démonstrated that the half-life of the native,

protein is 5.5 days (Winxlér. 1965) while desialized orasomucoid has a half-

life of only about two minute_&(Morell etal., 1071). |

o

?eptide Itr{n:tnre ¥ |
/ 4

Qrosomucoid is a single polypeptidé chain tonfisting of 181 r:sidua
(Schmid et ;]., 1973). Support for the presence /ol a single polypeptide

1 b

chain came f‘xon‘l gel P is and i hemistry (Krotoski and

Weimer, 1966) as well as the presence of one mole of amino-terminal and
. one mole of carboxyl-terminal amino acids per/ one mole of protein. The
amino-terminal is not free and could not be d tgcted itrophen)"lltlon

(Schmiﬁ, 1954). Pyrrolidonecarboxylic acid,/one mole per mole of protein
3 . / "




A

N
was lafer identified as the amino terminal amino acid (Ikenaka et al,
1966). This finding was confirmed by Doolittle (1972). There is one mole

of carboxyl terminal serine per mgle of protein (Schmid et al.. 1959).
Amino acid sequence
=

The complete amino acid seq of id has been determined
by Schmid and his collaborators (Ikenaka et ‘al., 1072; Schmid et al., 1973)
and is given.in anure L The amino acid

sequence of residues l throuzh 111 ‘was reported .by Ikenaka et a] (1912}
and the amino:acid sequ;nce of the reinaining residues, 112 through 18,
was reported by (S‘chmid et al, 1973). Native orosomucoid was 'tre‘ated
with cyanogen bromide (CN'Br). desialized, and the fragments generated

I

were subjected to tryphc cleavnge or chymotryptlc digesti

Prmr to the report of the complete amino acid composition of this protem,

" partial amino acld sequ‘ences had been reported with some ‘discrepancies

(Charlwood et sl 1976; Goa, 1961; Marshall and Poral.h 1968; Kitamura
and Yamashina, 1972) .

‘The amino acid composition reported by Schmid e; a!. (1973) agrees -
c‘losely with the partial sequence determined by Kitamura ln.d Yamashina

(1972). " -

The differences between investi in the determination of amino
acid composition of orqsomucoid reported have been attributed to multiple
’nmino acid substitutions in ‘hiﬁ protein. The different molecular weight .‘
values assumed for. this protein by different investigators, (40,000 - 44,000

daltons), the different techniques nsed to analyze the amino acid




Figure 1: The amino acid sequence of orosomucold.

‘The amino-terminal amino acid is a pyrrolidonecarboxylyl i

(PAC) residue. Asterisks mark sites of cyanogen bromide

cleav¥e of the methiony] residue bonds (111 and 158):

Circles mark the h sites of the carbohyd
groups to the Asn residues (15, 38, 54, 75, and 85).

Adapted from Schmid et al. (1073).
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. - T
PCA-Ile-Pro-Leu-Cys-Ala-Aén—Leu-Val-Pro~Val-Pro-Ile~Thr-Asn-
- 0 . ‘15

Arg o . ‘ . :
Ala=Thr-Leu-Asp— -Ile-Thr—Gly-Lys-Trp-Phe-Tyr-Ile—Ala-Ser-
N Gln + 30

. Phe i . - %
Ala= -Arg-Asn—Glu-Glu-Tyr ~Asn-Lys-Ser~Val-Glu-Glu—Ile-Gln-
Ala - R % — 45

. Thr N . g e o
' . Ala— - -Phe-Phe-Ty(-,Phe-Th:-on-Asn-Ly.B—Thr-Glu-Asp—Thr-é%e-
Ala i

Ile Q

Phe-Leu-Arg-Glu-Tyr-Gln-Thr —Arg-Gln-ASp=Gln-Cys-  —Tyr-Asn-
J Phe 25 %

Thr Thr . Ile
®= —Tyr-Leu—Asn-Val-Gln—Arg—é\ln-Asn-Gly-Thz- —Ser-Arg-
Ser Ser y val 90

Val " Gln Val X s
Thr-  -Gly-Gly- -Glu-His— -Ala-His-Leu-Leu-Ile-Leu-Arg- N
Glu. - Arg . Phe . 3 105

% . Leu *Phe Gly Ser Tyr Leu Asp
Agp—Thr-Lys-Thr= -Met- - . - - = = =-Rsp—Glu-Lys-
. Tyr 120

Leu Ala Phe Asp Val Asn
Phe . §

* Asn—Trp-Gly-Leu-Ser~ ~Tyc—Ala-Asp-Lys—Pro-Glu-Thr—Thr-Lys~
8 . val ’ 135

1 . ' Cys
' . Glu—Gln-Leu-Gly-Glu-Phe-Tyr—Glu-Ala-L p-Cys-Leu— -Ile-
. . s i Arg 150
" Arg Met* . .
.Pro=  -Ser-Asp-Val- ~Tyr=Thr-Asp-Trp-Lys=Lys-Asp—Cys-Glu-
Lys Va]._ - . 165

”P’r’o— Leu-Glu-Lys~Gln-HisrGlu~Lys-Arg-Lys~-Gln~Glu~Glu~Gly-Glu-
« % . - 180

Ser —COOH
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( o .
composition and__ &e\ different degrees of homoge}\eily of the protein
prepn‘atio‘ns may also au.ril;ule to the discrepancies (Schmid, 1975).

CNﬁr selectively cleaves the methionyl peptide, bopd. Analysis of a
pooled source of reduced carboxymethylated orosomu'c_oid treated ~with
CNBr revealed three new amino-terminal amino acids, and four fragments,
CNBr-I, CNBr-I, CN'Br-D] and CNﬂr-N . The IlEV;l amino-ter‘miml amino
acids, leucine, phenylalanine and Lyr\usina were obtained in unequal molar
yields (Schmid et .sl.,. 1973). Previous reports di}agreed on the methionine
content of orosomucoid- snd one or two methionine residues had* been
detected in th; protein. Schmid et al. (1968), reported a value ’6[ 1.3 moles

of hionine per mole of id in a pooled source.

The discovery of the three new amino-terminal amino acids present in

unequal molar smounts was explained when the amino acid sequence of the

CNBr fr was ined. The f ion of CNBr-Il and CNBr-IV
which are included in CNBr-II is the result of an amino acid subj wa :
methionine fof valine at position 156. Approximately one-quarterof the,

peptide chains of pooled id have this

(Emura et al., 1971).

Q'I‘he CN'Br-’i fragment is the amino-terminal sequence and éxtcnds from
‘residues 1 to 111. CNBr-II, CNBr-II and CN'Br‘-IV are the carboxyl
te;minal fragments. CNBr-II extends from residues 112 to 181 (Ikenaka et
al, 1972). CNBnm'and CNBr-IV extend from residues 112 to 156 and

residues 157 to 181, respectively (Emura et al., 1071).

S




$ - Aimino-acid substitutions : ) " . /
Twenty-one &!)he 181 residues of & pooled source of orosomucoid have 4
amito acid substitutions (Figure 1). Ten amino acid substitutions were .
detected in the carboxyl-terminal CNBr fragment (Emura et.al., 1971) an'd
11 amifd acid substitutions were repo;t;d in the amino-terminal v‘CNBr /
) '. g fragment (Schmi’d et.al., 1973). CNBr-II contx;ins all 10 n;n_iuo n‘cid /

oo . subifitutions contained in the carboxyl-terminal fragment ¥hd is referred to

e

1 . as the variable region. CNBr-IV, containing no amino acid substitutions, is
- - i
' referred to as the constant region of the carboxyl-terminal fragment

(Emura et .nl.. 1971). N . ~

b At"no position were more than two amino acids detected, even though

pooled material was ;lsed for these studies . Single point mutations,@n -
Pexplain all but two of these replacements, at positions 32 and 110 (Schmid,
- ‘ ) 1975).  Glycine; histidine, proline and tryptophan are not substituted,
‘consistent with the low mutability rates for these amino acids yet arginine,
leucine, phenylalanine and tyro;iné, all associaled with even {;wer
m\ltnblh'.y rates, are EI(& of substitutions (Schmid, 107?:,). CR O

‘l‘he polypeptide chmn has an asy ic ibution of hy

)

/ ‘ and hydrophobic fesldues. The nmino‘termi;ml half is relatively

hydrophobic but the five carbohydrate groups attached.in this region

* makes this section hydrophilic (Schmid et al., 1077)

o




Homology

Omsomifcold was the first reported single-chain protein with sequence *
stmlllnuel{‘lo'/ o’“ plasma proteins.  The multiple lmmo acid
substlhmpns of orosomucaid are nhu common, if-the nnmunoglobulms. A
segment of orosom\lcold ‘(residues 112 to 132) has been Yound lo be highly

hemologous with ‘s section of l:he o chm'ol haptoglobm ('Enmn et al.,

1971). Regidues 1 to 34 posogg ho;ﬁolég with certain L and H chains

of gG (Schmid et al;, 1973]. Andther segment (residues 77 to 125) hei s
“high degree of homology vith an IgG H chain (Schmid et al, 1973). It lias
been s'hgguied that orosomucoid p;obnbly evolved in whole or in part lrc;m
a common ancestral i'rnm\moglobulin ’(En:nm et al, 1071; Ikenaka et al.,
1972; Schmid et al,, 1973).

More recently, sequence similarity between the C-terminal half of -
'h?mm epidermal m‘;;;: fsctor. biading domain. aad orosomucoid has been

reported (Toh et al,1085).

Disuffide bonds’

Schmid and his collab (1974) have determined the position of the

disulfide bonds present in orosomucoid. The half-cystine ruidue 5 is linked
to the half-cystine residue 147 and the hall-cystine residue 72 is linked to
the half-cystine residue 164. The two disulfide bonds of orosomucoid are

partially buried (Schmid et al, 1976). A schematic diagram of °

-/

orosomucoid is given in Figure 2.
" »
"




Flgure 2: Schematic model of oro;amucuid.
The continuous line repment“s the polypeptiﬁie'moiety of
orosorrtucold with the two disulfide Sonds (between residues
§And 147 and between residues 72 and 164). Circles '
repgeni c.l;e ﬁve carbohydrate groups attached to
s’splragine'.residues_ 15, 38, 54, ‘75,—:;d 85, Redrawn

from Schmid et al. (1874). -




Carhohydrate structure
Orosomucold Ixa.s the hlghest carbol\ydfale content ofethe human serum

, proteins. - There are five glypo,sylation sites in orosomucoid and the five *

ydrat nmu are all 1 linked. through N-acetyl glucossmme

to asparagine residues in the hydrophobic half of the polypepnde at

residnes 15, 38, 54, 75, and 85 (Schmfd et al, 1077) These cubchydr’nte

'("\ gmups account for nppmxlmately 45%,, Y. welght of the protem and
appmxlmately 12% is, slahe atid. The sialyl residues are linked to the
carbohydrate by 8 2-ketosidic bond nud are chated.lermmally (Pupenoe '
and Dre“.', 1957; Popenoe, 1650). k

lf%eli;:;imry data on the structure and composition of the carbohydrate
core and the degree of brénchin‘g of the cmbo}nydrnte units- were

ntfadictory (Schmid; 1075; Jeantog, 1972). e _. »
B - s

. (jj oo carl reports 4 " d the he ity of the carbohyd
’ u“iv.s observed following proteolytic digestion of they polypeptide (Izumi et
al,, 1961). Desialized orosomngc;id had m be"ﬂ‘sed. since native 6rosomucoid Y
v is very resistent to diéestiou by. proteolytic enzymes (\"amashina, 1968).
The cornplex glycopeptide mixture resulting from proteolytic digestion

ted

p i of the gly id lati

to spec:hc gly sites.

Vu was sot until Sehmid and his colldborators (i977) identified five
g]ycopepudes l‘rom five specific Tegwns of the polypepnde cham that the
structure of a single carbohydrate umc from. a protem wn.h multiple

' glycosylation sites was investigated. . i
! gased.;

The compl I of 18 h é glycopeptides isolated from
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. _‘ qv le;lr of the five carbohydrate groups of this protein were determined us;ng
"7 360-MHz 'H NMR spectroscopy and permethylation anslysis (Fournet et

* al, 1978)... This stutyiy‘ reveaﬁa; that carbohydrate groups with different
structures were present at ;anch glyct‘;éylaéién"sice of pooled ;:msnmucoid.

T‘he structures of these heteroglycans \,;ere’ grouped into five classes ﬁ,hr;e

of which“ are new structures. These classes caii be seen in Figure 3.

{
/' X ".Classes ‘A and B’are not new' and possess known biantennary - and

. y chains, respectively.” The' biaptennary structure, c{:m[noﬁ to
" other glycoproteins, was found in .only one of the-16 élycopeplidgs -The
'tri;mlennnry' structure found is common to only & feW\glycoproteins.' i
Class C s nnary in its es BF (tri y +
A ¢ ¥ Q\ (

Fucose) and CF (Le(mnntennary o+ Fucose) compare with B and C except’

S |
- they contain a fucose. The occurrence and‘posmon of thls fucose {5 s unique

. - " and these structures hnve not been _previously ibed in glycopc
/ L ’ . ‘(Fournet etal, , 1078). t ‘ ; i ’ ) “ .
< The hete;ogenelty observe_d/in'the cmbohwmie component of pooled
: omsomucold by enrher workers ean now be explained by d'ﬂ‘erenl.
¢ - »V cnrbohydrue stnl_ctur;u ccurring at esch glycosylation site. Cm‘ hyd

gr‘oups linked to-the second glycosylation site possess structures of cluses %
A B,C nnd BF. Cnrhohydmte groups. I'rom glycosylatmn sites three, fov.u
nnd five possess structures of classes B, .C and CF, Foum&t ét al (1978)

peculntes that' the heterogeneny may be due to differe

gronps at the same gl ly lation site- of individ 1 ‘protein

may rel’lect dlﬂ'erences in the ’blosynthesls nnd/nr degradnhon nf the
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Figure 3: Orr;somncoid dligosaccharide structure.
The stmc’turag{ the five dmes of orosomucoid
oligosaccharides are given in the following three

pageés. Classes A and B are common m'o':her glycoproteins

P . N wherefs classes C, BF, and CF have not been reported in
s+ 7. otherglycoproteins. A?!pled from Fournét et al. (1978).
. . ‘o 4
o t
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Class A structure:

-8 8 A
GalA(1=4)GleNAcA1-2)Manaf1=3) '

Mapg(14)GIcNAS1+4)GleNACAL *Am
3 .2 ) :

 GalA(1-4)GIcNA¢A12)Mana{1-6) . -
6 ey i 4 B

) Class B -tn‘eﬁnx

T8 7 s | W : ‘
Gul1-4)GleNAcA1+4) .

8, o 0Ty
GalA1-4)GIcNAcA1=2)Mana{1+3)
/ '

N

. | MaAT4)CINAA1~4)GIeNAEsL~Asn
94 3 .8 -1, ,

Gala1-)GIeNACA12)Mara{t-0) Co
¢ 8 "



Class BF stractares
Fuce{1+3) ’

K 7- .
Galp{1-4)GleNAcA(1+4)
R
G'Alﬂ(lﬁ)Glc'NA‘e'ﬂ(lf‘l)Mmu(fva

Y

GalA1<4)GleNAcA(1+2)Manc{1=8)
L} 5 4 -

Class C structure: . - K
‘g 7 :
. Gali(1-4)GleNAcA(14)

'GMH)le;IAeAl-ﬂMan(lv:) L -
[ 5 4« .

,in‘-;(m)cumm.c)cun)wpgn
3 2 1 ~ a

Gala(1-4)GleNAcA(1=9)Manc{1-6)
L3 13 4

Galy(14)GleNAco{1-8)
.8 T

. Mang1-4)GI:NAeA1 ~4)GleNAcs1Asn
. 3 i L |
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: L Cl;- CF structure:
\" 5 ) . Fglca_(léa) » i . L = .
. - - Galg(1-4)GlcNAcA(1+-4) ) o

Galp(14)GleNAcK(1+2)Msno{1+3)
6 .5 . 4
Manp(1+-4)GlcNAc(1-4)GleNA¢s1+Asn
3 2 . 1 !

, -Gal(1=4)GleNAcA(1>2]Mano(1+8)
AN el

GalX1-4)GlcNAcA(1-8)
g 7 )




carbohydrate unit. o

Sialic acid deficient orosomucold

Schmid et al. (1864b) and Caputo and Marcante (1964) have reported

sialic acid-deficient id is produced in certain pathological states.

The sialic acid content of orosomucoid in certain chronic diseases is

significantly lower. ‘Individuals subjected to temporary stress produce the * -

expected increased- concentration of orosomucoid with sislic: acid,. but

who produce i d amounts of i id for a long time

will eventually produce orosomucoid deficient in sialic acid (Schmid et al,,

1964b).

Hormone effects on carbohydrates

[¢] id forms dissociably lexes with prc (Ganguly
et al., 1967) and other steroid hormones (Kerkay and Westphal, 1068). The
properties of the progesterone-orosomucaid complex are similar to those of

Prog; and corti id with, the corti id

i lnding‘sglobulin ((.inn&'uly et s}.. 1967). This( serum ‘globulﬁi, like
orosor;mcoid, is a glycoprotein with a high carbohydrate content.

The influence of changes in serum concentration of female hormones on
the helerogen’eity of the carbohydrate units of orawmucoi‘d was studied
(Wells et al, 1981). . The carbohydrate composition and l‘:ossibly its
metabolism or function may be affected by female hormones. During

prégnancy and after oestrogen therapy a chnhée in the pattern of

y parlr of

was observed on crossed immuno-’
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affinoelectrophoresis, However, the post-partum pattern is slow to return to

w normal, indicating a non-direct hormonal effect (Wells et al., 1981).

o . Polymorphism and variants
da . J
Definition of terms . =

O weoid is h us in both its carbohy and polypeptide
& components Pnlymnrihum is used exclusi‘vely to describe  the
“eleétrophoretically detectable vnmtmns in the carbohydrate portion of this

protein.” These polymorphic forms result from the different linkages "

between sialic acid and the glycopeptides (Schmid et al., 1964a). Variants

of id describe the el horetically detectable variations arising _

#rom amino acid substitutions in the polypeptide chain.

Wymox_'phism :
Starch gel elgctropl;oresis at pH ‘2.8 of pooled native orosomucoid A
" . . reveals seven bands for wlnch the.term polymorphism was applied (Schmid
and Binette, 1961). There was evidence that the polymorphic forms were
. genetically determined when four different pol&morphlc patterns of elther
five, six, seven or.eight bands were observed from the sera of normal
) individuals in family apdl‘twin studies. Desialized oroson‘\i‘xcoid is always

under these el horeti diti y Schmid et al. (10641)

_pmposed that: these ﬁolymorphle Iorms were the result of differences in the
. smllc acids linked Yo C-2 C-3, C 4 or C-8 of the galacmse resldues Mosl,
w # of “the chemical and physical properties of the polymorphic forms of

-orosomucoid were similar (Schmid et al., 1062). The gross carbohydrate

\
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and amino acid composition appeared the same but the isoelectric points

were different.

Variants ~

Starch gel elec(rophoresu at pH 5 of pooled orosomuco:d from whlch
\
the sialic acid was enzymnncally hydrolyzed revexled two main bands

(Tokita and -Schmid, 1963). In individuals, one or two bands can be

observed, depending on the individual from whom the sample was mken~

(Schmid et al, 1962). A single fast mlg'ratmg (F) or slow mlgrnﬁng (S)

major band could be seen as well as the combination of both (FS) The

' individual patterns do not change in response to stress or lrrndluuon

"' (Tokita et al,, 1066; Yoshizaka et al., 1069), conditions known to increase
the serum concentration of orosomufcid:

Family :studies showed the mobde of inheritance to be autosomal with

codominant expression (Johnson et al., 1969). The differences in

are due to

in the polypeptide chain
. ».
and further investigation revealed an amino acid substitution of an arginine

for a glut_amin'*e.at residie 20 (Nimberg et al., 1971)..

A b form of id

Gahmberg and And (1978) investigated the possibility that
leukocytes could be involved in the synthesis and relense of orosomucoid
and reported a membrane form of orosomucoid synthesized ‘By

+ lymphocytes. The i of id in i acellul

. 35
communication and recognition by leukocytes was supported by the -«

.

7
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ﬁndmgs of Chiu et al. (1977) that- the addition of orosomucoid to
lymphocyte cultures slters the mixed lymphocyte cnllures response

The membrnne form of orosomucoid -is located on normal human

h and ytes. It has ar 1 weight -of

lymphocytes,
52,000. and contains an additional fragment, probably hydrophobic. The

5 S

serum L jion of in various .
lving cell proli jon may be lained.' It had been difficult, to
explain the elevated i ions by ‘stimulation of liver synthesis alone

(Schmid, '1975). The sequence homology of orosomucoid . and ‘the
immunoglobulins (Emura et al., 1971; Ikenaka et al., 1972; Schmid et al.,
1973) may b‘e understood since they both have their origin in similar cell

types (Gahmberg and Andersson, 1978).

Bloluglcal role of orosomucoid
Mnny mveshgators have demonstrated thnt the serum concentration of
orosomucoid as well as other glywproteins, is elevated in a number of
physiological and pnthologlcal states, mcludmg cancer, pneumoma, and
rheumatoid nrthrms (szler, 1955). The lncressed serum level is also
associated with induced inflammation (Jamieson ét al, 1912], pregnancy
) (Adn_ms and Wacher, 1068), and major surgery {Tokita et al., 1966). This
increase in serur;-n concentration of acute phase proteins is not. clearly
* understood. . = .
While a d‘iject role for ‘orosomucoid has not been Jfound, .this' protein
demonstrates biological activity in a number of conditions. It has beei‘l

shown to prolong blood clotting time, passxbly by mhlbmng the conversion
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of prothrombix: to thrombin (Nilsson and Yama}liius, 1958). Orosc:mucoid
binds various steroids, particularly progeste;une (Ganguly et. al.,, 1967).
Staprans et al. (1980) showed that orosomucoid is involved in -the‘
seqestiation ol s, lipoproali lipase cofactor. It fios bees: dumionsteated
that»}.his protein is/'an inhibitor of ADP~ and epinephrin&il;duced platelet
aggregnj)ﬂSnyder and Coodley, 1976) and orosomucoid becomés a more
potent inhibitor as the serum concentrntlon increases (Suyder and Coudley,

1978), O id acts as a

p ol.z,;'(OSSnn;l

_ Bronson, 1974). The known increased serum l;e.vels of this protein in -

trauma patients plus the phagocytosis in‘l‘libiting prap‘enies may be a factor
contribuytin’g to, the de’cre'ased resistance to bacterial infections in trauma
pa‘vtiem.;wss and Bronson, 1974). The spacing arrangement of the
collag‘en fibers reformed «from solubilized- collagen upon dialysis is
influenced by the presence o?:rosomll_coid but/ other substances also have
this effect (Gross et h.,‘lDSG). . 3

More recently it has been suggested that orosomucoid may regulate the
immune response (Bennett and Schmid, 1980) ;nd a nllmi)er of findings
o

support this concept. 3 homol of with the

immunoglobglins (Emura et al., 1971; Ikenaka et al., 1972; Schmid et al.,
1973) has been demonstrated and orosomucoid has been detected on the

surface of ‘,' ph (Gahmberg and And 1978).

The i jion of lymphocy .stimulated with. the - mitogen
u
phytohemagglutiniin or with allogeneic cells’ can be inhibited with

orosomucoid - -(Oss et al, 1974) and orosomucoid _ interferes = with

oy
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phagocytosis of bacteria by macroph (Chiu et al., 1977).
Bennett and Schmid (1980) have demonstrated the importance ' of the

carbohydnte\iunit in the régilatory role of orosomucoid. It is' the °

-¢agbohydrate unit that is involved in specific protein to protein and protein
* to cell interactions. Conformational changes in the protein would not-

‘explain these’ interactions;  the carbohydrate ~uait is the significant

modulating factor. »

¥ of hods of isolation and purifi

Orosomucoid can be, isolated from other plasma proteins by solubility,

1 horetic or i h . ¢h by * These

methods rely on the followiiig two principles for their success: at values

above its_isoionic point, pH 3.53 (Schmid et al;, ldﬂ?) orosomucoid exhibits

a high negative electrostatic charge; and that this protein is highly soluble,

the most' soluble of the plasma proteins,

Undenatured protein is preferred for non-cl{emic@\l‘:swdies, The, original
method of isolation, _'to deproteinate serum  with he—;; :ﬁimington,
1940) was discarded whén it was realized that degradation of orosomucoid'
could occur. Low pH is also avoided because of the inhiliiy of the sialic

acid ketosidic linkage.

Source N . =
_ Orosomucoid is isolated from. human blood. The developm

methods of 'pllumn fractionation, particularly the low temperature-low salt-

ethanol procedure of Cohn et al. (1950) * permitted isolation and

~

ks
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identificat:ion of proteins in the plasma fractions. Opsomucoid is one of
the proteins-in the supernatant of Cohn Fraction V (Ikenaka et al., 1085;
Twasaki and Schmid, 1967). Because of the availability of the supernatant
of Cohn Fraction V, this is often the source. ﬁrine of nephrotic patients
has heen mvesugated as another source (Pupenoe 1955' it hu been shown’

that orosomucoid is one of the plasma protems most easxly pnssed into the

- urine and 0.2 to OA g/ of orosomucoid can be recovered in nephrotic urine

P 2
The relatively low molecular weight of this protein may relate to this

property.

Precipitation procedures -

3+ The early methods of isolating orosomucoid from human plasma ~

involved pxeeipitaiing the bulk of serum proteins with acidic reagents
which left orosol;mcoid. in solution. The strongly acidic reagents that have
bee;: used, perchloric acid (Winzler et al., 1948) or trichloroacetic acid
(Popenoe, 1955), are now known to cleave the o-glycosidic linkage of sialic
acid (Schmid, 1075). Precipitation with acidic wagents is still used in

bination with other i when the id d is used

for chemical studies. The major disadvantage is that the.acidic reagent
has to I;e:emoved by dialysis.
Precipitation with smmofium sulfate

Essentially all of lthe plasma protei‘ns are remove&‘ in step-wise
precipitations with ammonium sulfate. H\lman plasma is diluted with

sodium acetate and precipitated with ammonium sulfate at pH 4.9 and

then at pH 3.7. Orosomucoid temains in solution and is then precipit;;ted a
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by the addition of smngnium sulfate to saturation (Weimer et al., 1950).

Precipitation with ethanol at low temperatures
Cobn et al. (1048, 1950) demonstrated that by varying the ethanol

and y ionation of plasma proteins could be

achieved in five main fractions. When albumin is precipitated in Fraction
% ..

V, approximately 1% of the total plasma proteins remsin in the-

supernatant. - These are the most soluble plasma proteins and include

al, 1065; Iwasaki and Schmid, 1067). The

ion V, although readily available, is very dilute.
Schmid (A955) resolved this problem by precipitating the proteins from this
supernatint by the addition of zinc salts, creating Fraction VI. ' The

precipitated proteins are dissolved by adding neutralized EDTA. A

disad age of this d is the precipitating steps require low
temperaturés, 0 to -5° C to prevent denaturation &f the plasma proteins.

. Orosomucoid was recovered from Fraction VI by decreasing t.h'elDH'l.o
-5.8 and recovering the-Supernatant which was treated at pH 0.5 with *
barium nceta_lef Orosomucoid’ was isolatet_i from the supernatant by
increas%ng the ethanol concentration, and purified Vthrough a second_

precipitation (Schmid, 1050; Schmid, 1953). "

Ion-exchange éhromntogrlph)j

Both anion and cation have been. empl

%o isolate orosomucoid from whole or partially fractionated plasma.

. ~
One method of isolating orosomucoid from Fraction VI is to precipitate

the proteins other than orosomucoid as zine salts (Schmid, 1955), and
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oros:)mucoid is “thea purified by snion-exchnnge chm{nntog‘raphy on a
DEAE-cellulose cclumn (Schmid et al., 1962). An Vﬂlternnlive method for
3\ove[ing a;osomucorid from Fraction VI is to use cation exchange

@ mmusq‘hy: orosomucoid is not retained by an Amberlite [RC-50

column at pH 5.2 (Schmid et al., 1958) and can be sgyarated‘ from the
ins in Fraction VI which are retained by the column. :

Bezkorovainy and ‘Winzler® (1981) jsolated orosomucoid from whole
. .

. plasma or Fraction VI: chromatography of Fraction VI was done’ by anion-

Xchange CM-cellulose and a bination of hi ed
with DEAE- and CM-cellulose was used with whole plasma. v

Hao and Wickerhauser (1873) used'baleh—wi’se adsorption wi‘th DEAE-

cellulose followed with .A hy m{_ CM-cellul to isolate
orosomucoid from Fraction V. The batch-wise adsorption occurs under ~
conditions close to the isoelectric point, of albumin, the main contaminant,
thereby .reqmrmg only a small bed volume of CM-cellulose. In many of the

chromatog-raphm techmques a high ratio of msmx to protein was required.

/method was ployed to

‘More recently, a two-step
purify orosomucoid. DEAE-tnsacryl and‘CM-tmncryl were used to isolate
orosomucoid from plasma without ualy dgsialation or denaturation, as no'
acidic preciailnion or low pH buffers are involved (Succari ?t al, 1985).
Although only 50% of orosomucoide}m recovered ‘I'Sﬁlg Lhis“technique it,if :

quite-useful for studies on the' variatioh in thasialic acid content.




free preparntxdns o . >

-Pseudo-affinity chromatography -

A modified method of pseudo-ligand. chromatogra‘phy ‘on Cibacron Blue

-F&GA |Tnvns et al, 1978) retains albunin from plasma allowmg albumip-

To'isolate omsomncznd ffom serjm, the alburnin-depleted eluate of the
Cibacron Blue FS-GA was  applied ' to another : pswdo-ammty
chromatography column, Procion Red HE3B. The frachons conlmmng'
orbsomucoid were- removed from the columu wnch a lmear salt gmhent

Any remaini i in the oro id tracnon were removed by

preparativé isoelectric focusing (Laurent et al., 1984).

"

- ‘ B »




MATERIALS AND METHODS
1. DEVELOPMENT OF A METHOD

Some ‘of, the commcﬁly employed methods ,ft{r isolating ordsomucoid
were examined for a rﬂpid, economical method that could be:-adapted to a
small volume of starting mate}iél, 6.5 ml of human serum. Many of the

- v ] ;

techniques for isolsting‘ orsomucoid have been designed for large-scale

purification of a pooled source of orosomucoid. A rapid method ‘was™

desired since this protein was to be isolated sépgrately from approximately
200,indjvidusl serum samples during the course of this investigation.
The _critetion’ of purity was -electrjophoresis. using 7.5% polyacrylamide

gels.  Electrophoretically-detectabl i in the id

'prepnratién would make it difficult to’ identify the specific products of

N CNBr cleavage of orosm{mcoid. : .
~The‘starting material f‘ur’ many of the isolation methods is Cohn
Frn‘ckﬁo\n V supernatant (Cohn et al, 1948; Cobn et al, 1950) or Fraction
avi (Schr}ud,} 1955) not 'se;rum "These fractions were~o‘>tained from pln‘smu

fractionation and ‘require several fractionation steps’ and _sub-zero

pert ufes th .,"» “the fracti ’ process.

When serum is the sm{ﬁng magerial, the first step in the isolation
‘pr‘ocedlznre is"usually acidic. i)recipitntion to remove most of the piumn
ll)mteins, followed by one or more _chromtitogrnphy steps. ‘
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Mbn. recently two ri‘lethcds'have been employed to minimize alteration '
of orosomucoid due o Fhe strongly acidic conditions used to precipitate the
bulk of the plasma proteins. Lqurent et al. (1982) described a three—siép
purification of orosomucoid, with an 88% yield, using [mudo—ligan‘d
affinity chromatography.on Ciimcmn Blue F3-GA. a;ld then ;zn Procion
Red HE3B followed with preparative column isbelec&r‘ic focusing. A two-
;tep procedure, with a 50% yield, was described “Siilg:DEAE- and CM-
trisacryl. chromatography (Succari et al., 1085). These methods would be
preferred if undenatured‘ orosomucoid was desired. Since for this project '
.the puriﬁedv orosomucoid WO;IM be used for chemical s’tudies,. mild
djﬁatuntion of this protein did not hnye_ to be avoided.

The initial approach in this project to isolate and purify human serum

_‘_orﬁsomucoid was to remove the bulk of the serum proteins by

precipitation. Orosomucoid - would then be ‘p\m/ligd using 8

hre phy or el boresis step. -A simple two-step method,
‘svouiding multiple ‘chromatography steps, would be ideal as a rapid and
" economical procedure readily adapted to processing approximately 200

individual samples.

As a first step, three precipitating agents were i
;ul[nte, ethanol and trichlorqac‘etic acid. The most convenient and efficient
of these agents would be the choice for the precipitation step.

Ion-exchange chromatography, . both anionic and eationic, and -

polyacryla}laide gel electrophoresis, using DATD in ﬁlnce of BIS, were also

d as possible techni for the purification of




- Source =
Aliquots of serum required-for the d;velopmenl of a method of isolation
and purification of orosomucoid were taken from a pooled source, 50 mi,

from 20 individuals.
~

A i sulfate precipitati

.

sulfate precipitation was first described by Weimer and his

collaborators as a rne','ll(‘)d' to isolate orosomucoid'(Weimér ‘et al., 19,5.?;

- Weimer and Winzler, 1055). This procedure involves the precipitation of#
the less soluble serum proteins with ammonium sulfate under acidic
chdiLions. Orosomucoid can then be precipitated. by saturating the
filtrale with ammonium  sulfate.  This precipitation step requires
minimum of 72 hours (Weimer et l, 1950; Weimer and Wigler, 1055),
‘and the prepa;utio‘n has been reported to be noﬁhomageneous (Travis et
al., 1976). . - .
Materlals’

————0.1M sodiim acetate
1IN hydrochloric acid "

l4g ammonium sulfate

{ ’ Method -
All operations were carried out gt 4° C. An aliquot of the pooled serum
(Lo mi), was diluted with an equal volume of 0.IM sodiumlacemle and 1.4
gof nmm‘bnium sult;te was added \‘r/ith stirting. The precipitated proteins

were removed after 18 hours by filtering through a double thickness of
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Whatman No. 1 filter paper.
Most of the serum proteins were removed in the following two steps.
The BH of the filtrate was first adjusted to pH 4.9 with 1N hydrochloric

acid, and after 18 hours the precipitated proteins were removed by filtering

through a double- thickness of Whgm‘inn‘ M 1 filter paper. The filtrnte. !

was then adjusted l‘a pH 3.7 with li\l hydrochloric acid. After N further 16
"hours the precipitated proteins were removed by filtration. ) "
Thg filtrate was dislysed sgainst tunning tap water (5 to’ 10° Cl) for 14
to-16 ;xours to rernove the low-molecular weight. comp‘u’nents and freeze-
* X W AN

dried. e -,

Ethanol precipitotioi’) 1
Orosomucoid is salubl? in 50% e;,hunt;l (Schmid, 1955) but is precipated

by 70% ethanol at pH3.5 (Schmid, 1053). Orosomucoid r;amuin's soluble in

the‘supernatnnt of the Cohn Fraction V (Schmid, 1955)" and mavterial is

fréquentli used as a source-of this protein. ’

_ Materials
ethanol .
0.02M Sodiuvm acetate buffer, pH 5.0 - ' ’;_ .
sodium acetate - 0.19¢
~ distilled water to ) 100.0°m

adjust pH with glacial acetic acid
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Methods ’

All operations were carried out at -20° C. An aliquot of pooled human
serum, 1.0 ml, was diluted with 2.5 ml of 0.02M sodium acetate buffer, pH
5.0. 3.5 ml of.,ethmol was added slowly, with stirrinx’.‘ ‘The supernatant
was recovered after 16 hours by centrifuging at 2,200 g for 10 minutes.

The_solntiop was dialysed against running hp: water (5 to 10* C) for 14

to 16 hours and freeze-dried.

Trichlo: ic acld precipi
% ; : S
Orosomucoid is soluble in 0.3M trichloroacetic acid (Schmid, 1975),
although there is an e repo;'t (Rimi 1940) that id
is ipitated under these conditi
Materials

0.6M trichloroacetic acid

M;ﬂmd *

All operations were carried out at 4° C. An equal volume of 0.8M"
_trichkzrouetic a¥id was added dropwise, with continuous stirring to 1.0 ml
of the pooled human serum. Th‘e 0.3M triehlorouetie acid solubl; lnction -

| was recovered after 1 hour by eentnfuglng 2,200 g for IO mmutes The

recovered uupenuunl. was dmlysed lor 14-10 hours lgnlnst running tap

water (5 to 10° C) to remove the trichl tic acid an,d f dried.
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Polyatrylamide gel electrophoresis

Polyacrylamide gel el phoresis was perf d on the fi d-dried

products of .ammonium  sulfate, ethanol, and trichloroacetic acid
v - ] P

b B P
precipitation. v .
u . _ -
Materisls %
" ) Continious Buffer: Ashton and Braden (1981), pH8.0 ~ =
B, Gel i)nffer, X5 stock .+ " <
- Tris (hydroxymethyl)methylamine [TRIS) 27.9 g
boric acid ’ : 5.99 -
. ’
f citrie acid 7.2g9 - *
lithium hydroxide i 4 0.6g
* distilled water to . 1.01

o | . ,

’fank buffer X1

boric acid .- 5 1.8 g ‘
‘*‘ . lithium hydroxide . s 1.‘2 ]
) ) distilled water to ; 101
Sample buffer .
gel buffer (XS) . . 1.0 ml
' G "“}ucmse» v | .10.0 g
bmmph‘enol blue 5.0 mg

* distilled water to . 50.0 ml




7.5% Acrylamide gel with 5% N,N'-methyléne-bis-acrylamide (BIS)

acrylamide 4.999 -
BIS ? . 0.26 9 ‘
) . _N;N,N,'N'-tztnmethyl- . 4
ethylenediamide (TEMED) « 50.0 A -
" ¢ .
* 7 gel'buffer (X5) . . RINEN
0.3M ammonium sulfate’ 0.7 m
distilled water to t70.0ml

Staining solution, X10 _uock
amido black > 0.1g
gincid acetic acid 50.0 ml
_ distilled water to 100.0 m

Dilute 1:9 with distilled water for use

Method
' , Preparation of gels
Gels were prepared 2 to 3 hours in advance. To prepare a gel, 14.0 ml
of the X5 Aslhlon and Braden (1061) gel buffer stock solution was added )
) 50)‘ TEMED, 4.655 g acrylamide, and 0.245 g BIS. The vo}ume was
brought to 60.3 ml with distilled w;ner and the solution was mixed. .
Immediately before pouring the gel,.0.7. ml of 0.3M nm‘monium‘ sullate was
added with mixing.
< A Hoefer Scientific Instruments Vertical 'Siub Gel Unit (SE 800 series)
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was used. The gels (3mm thick), were formed between two. vertical glass
" plates, 16 cm long x 18 ¢m wide. The actual dimensions of the gel were 13

cm long x 14 cm wide. Ten sample wells were formed by the insertion of a

. comb.

Sample‘p

Eaeh !Rl;lpl! ‘was dissolved in a minimem of sa ple buffer,

approximately 30\ and loaded on the gel.

Electrophoresis

2.5 hours were required.

Staining @
Gels were stained by immersion in 100 ml of 0.01% Amido Black in 5%

acidic acid (a 1:9 dilution of the X10 Stock) for 8 hours and destained in

5% acidic acid.

Reuﬁlgu of 7.6% polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis of serum precipitated wit—b
ammonium sulfate, ethardol or triehloroaceti_c -acid did not reveal
homogeneous preparations although a clear enrichment of ormomu‘coid was
observed in all three preparations. "Albumin was the major contaminant in

each preparation, (Figure 4).

The 0.3M trichl ic acid precipitated sample was bl

N

~



&
S
) "
3 )
. —_—

. . 7
Figure 4: Electrophoretic patterns of serum ?
. precipitated by different

techniques.
‘The electrophoretic patterns obtained in a 7.5%
'polyncrylumide gel (PH 870) are respectively;
1. human serum, 2. 0.3M trichloroacetic acid soluble
lraci.ion, 3. ammionium sulfate soluble fraction,

4.50% ethanol soluble fraction.
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=

to the other two procedures. As the trichl ic precipitation method

involved a single precipitating step requiring only onls bour, this was the

. precipitating agent chosen.

Purification step
Polyacrylamide gel el horesi i hange ch h
(DEAE-Sephadex) snd  cation-exch " hy' (Ambetli
F 77T o
IRC-50) were i igated as possible techni for p&il’ying id
vonrl.he scale required for genetic analysis. * )
N,N"-diallyl diamide (DATD): T T

polyacrylamide gels
Gels cross-linked with DATD instead of BIS are soluble in 2% perindi’c
acid (Anker, lDl70). This provides a rapid, essy"lechnique for the
separation and isolation of proteins. Anker (1970) recommends ising
DATD mole for mole in place of BISA Spath and Koblet {1679) modified
* the recipe for DATD cross-linked gels to overcome the problems of diffuse ’
protein bands and swelling of the gels when DATD is used‘rml‘e for mole
instead of BIS: 10.27% acrylamide ;ells cross- linked with 2% DATD
were used. No change in the retardation coefflicients and free mobilities of
. proteins “were observed at this concentration of cross-linker (Spath and
Koblet, 1979).
l;‘eriodi'c_ acid solu’b'ilize- gels crosslinked with DATD by oxidatively
cleaving the C-C bo;d of the cis-diol groups of DATD (Spath and Koblet,

1970). The gel matrix is completely solubilized in 20 to 30 minutes ot
|




i

room temperature.

Materials *
The con:iiliuns ;l electrophoresis were thosz’: outlined previously
except '109% acrylamide gels with'27% D:‘?TD were used. ¢
10279 sacrylamide gels, 2% DATD [ ’
acrylamide - 525 g
DATD . 1.94 g
TEMED . . 5.0 X
" gel buffer (X5 Stock) ' 14,0 m
0.3M ammonium persulfate i 0.7 m
distilled water to 70.0 ml

100 mM periodic acid

Method ™ . . -
Solubilising the gel

Preliminary staining of the gel was required to identify the position c;f
the orosomucoid band. The protein band “was cut fro‘m the gel,
approximately 1.5 em x L5 em x 03 mm, and placed in 15 ml of 100 mM
periodic acid for 30 minutes at room temperature. The solution ;vus
dislysed against running ‘wnter, (5t010° C), for 14to 16 hours and freeze-

dried.



“

Results

DATD-substituted gels provide a rapid method for isolaling

orosomucoid from the other proteins present in the 03 M trichloroacetic c—

acid soluble fraction. Although the technique provided electrophoretically

h : id. extraction,of the- protein from the DATD gels

was difficult. The solubilized gel that had been dialyzed and fredze-difed

would not dissolve in distilled water or electrophoresis ssmple buffer. e

Orosomucoid was recovered by sosking the freeze-dried gel in 5 mlof
distilled water for 5 hours, centrifugation at 3400 g for 10 minutes and.

Ivophilization of the supernatant. ”

Insufficient orosomucoid was recovered (2 ng) from 0.5 ml of
trichloroacetic acid-precipitated serum to be detected” by 7.5%
polyacrylamide gel electropho}esis. ‘The purity of orosomucoid obtained by

this method was confirmed for a larger volume (5 ml) of starting material

(not shown).

Ani h ch aphy
(D{E—Sephndex A50)

. [
Materials

0.5M Sodium acetate buffer, pH 4.5; Stock buffer
- sodium acetate g
distilled water to

adjust pH with. glacial acetic aci;i

0.05M sodium acetate

P
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dilute stock buffer 1. with distilled water .
0.25M sodium acetate )

dilute stock buffer 1:2 with distilled water

Method - &
’ Preparation o_f‘re!ln .

Sephadex must'be swollen prior .to use. ) Approximately 0.5 g of DEAE-
Sephn;ie;( dry powder was stirred into lln ‘excess of 0.05M sodium uetﬁte
bu!ler, pH 4.5 and placed ina bmlmg water hath for 2 hours The swollen
rwn was wuhed with approxlmntely 200 ml the 0.05M sodium acetate
hull‘er, pH 4 5 on a Buchner fu!lnel
Samples )

Thie freezgzdried 0.3M trichloroacetic acid soluble fraction from 1.0 m‘
of pooled human serum was dissolved in 0.5 m] of 0@5M sodmm acetate
bul’fer
Chrmnn.ngnphy .

All oper“tions wer‘e ‘performed at 4° C. A 150 cm long,v 10 em
diameter, co]umﬁ was  filled with - the swollén} DEAE-Sephadex and
equilibrated with 0.05M sodilurﬁ Acetn.te‘vbufler, pi'l‘d.s. The nlutnmatic
“fraction Tllecmr was then set up to give a flow raté of ;nz mi per hour and
collection of'the eluate in 2 ml fractions. ™ \ ) -

The snmple was applied to the column and washed with 10 ml of 0.05M
sodium acetate buffer, pH 5.0, and the eluate was discarded.

Step-wise elution was achieved using 0.25M.and 0.5M sodium acetate

»
'
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buffer, pH'4.5. 38 ml of 0.25M sodium acetate buffer, pH 4.5 was added to
the column and the eluate was collected in 2.0 ml fractions. Absorbance at
280 nm was used to identify lhe‘prolein peak in the eluate and these
fractions, number 10 to l’4, were poc;hd (Figure 5).

46.0 ml of 0.5M sodmm acetate bulle pH 5.0 was added ta the column
and the eluate was’ collected in 2.0 ml fgctions. Agaii ‘the protein peak
was’ identified usifg absorbance at 280 nm and the protein. pesak, fractions
26 'to 29, were pwoled (Figure 8)._An aiiquot 0.5 ml, of the pooled
fractions was reserved l‘or 'seromucold' determination. The two pmﬁ
eluates were dmlysed against rinning tup water, (5 to 10° C), for 14 to 18
hours and freeze-dried. Polyacrylamide gel electrophoresis was used to

identify the components in each eluate.

Results

*Seromucoid® determination of the 0.25M and 0.5M sodium' acetate

bl‘[ier eluates from thav[?EAESephadéx column revealed the presence of
glycoproteins in the 0.5M and not t;e 0.25M sodium acetate buffer eluates.

Polyacrylamide gel electrophoresis of both eluates are shown in Figure
8. Orosomucoid is eluted \from the column with 0.5M sodiu;n acetate
Vuﬂ‘er, pl'; 4.5,

This * preparation is not homogeneous and albumin is one of the

contammants

e




Figure b: Absorbance (280nm) of DEAE-Sephadex ~
column eluate.

I hange ch hy (DEAE-Sephadex A50) was
performéd on the 0.3M trichloroacetic aciri soluble
fraction of human serum. P;ructions 1 through 19 and

. fractions 20 thrgugh 29 were eluted,. respectively

with 0.25M and 0.5M sodium acetate buffer, pH 4.5.

Each lrn/cjion is 2 ml.
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ic analysis of DEAE-

Figure 8/ Electroph
’ column eluate.

7.5% polyacrylamide gel electropl{oresis (pH 8.0) of the
h column (DEAE-Sephadex A50) column eluate

(Figure 5); 1. human serum, 2: fractions 10 through 14,

3. fractions 26 through 29.

A50
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Orosomucoid —s




Cation ¢hromatography (Amberlite IRC-50)

Schmid et'al. (1958) demonstrated that low molecular wéight proteins
v:i‘th acidic isoelectr‘ic’poinu ‘could be nbs_orbed and selectively displaced on
éarboxylated :ion-exchnnge resinsl These resi&-@re usugll -’en‘nployed to
separate proteins with neutral or alkaline isoelectric points. Orosomucoid
was isolated from Cohn Fraction VI using Amberlite )CE—64 (S'chmiii et al.,
1958). Charlwood et al. (i976] \empluy_ed AI;\berIite IRC-50 (Amb:e_rlite
XE-84 is’a more finely div’ivded form of Amberlite IRC-50) to sepa;-ate i
orosomucoid from the soluble fraction of serum precipitated witﬁ a solution
of D.ISM trichloroacetic acid and 3.2M ammonium sulfate.  Critical
selection of the buffer pH enabled direct elution of orosomucoid while the
contaminants remained absorbed to the resin. (Schmid et al., 1958;

Charlwood et al., 1976).

]
Materials
0.05M sodium citrate buffer, pH 5.1 (Schmid et al., 1958)
sodium citrate : “14.7 g
distilled watgr to 1.01 *

pH adjusted with solid citric acid
D s
1M sodium acetate buffer, pH 6.0
sodium acetate ’ .79g
distilled water to : 100. m

! pH adjusted with acetic acid .




'Methodn

Samples
The freeze-dried 0.3M trichloroacetic acid soluble fraction from 1.0 ml

of pooled serum was dissolved in 0.5 ml of the 0.05M sodium citrate buffer,

pH 5.1 "

Chromatography 5 N e

A 10.0 cm long column, 1.0 em diameter, of Amberlite IRC-50 was

~_—eqilibriated, atd’ C, with 0.05M sodium citrate buffer, pH 5.1. The flow

" rate of the column was 0.2 ml per. minute and 4.0 ml fractions were

collected.

Tﬁe sample was applied to the column and omsomucc'id was directly,
eluted with 120 ml of 0.0SM'sodinm citrate buffer, pH 5.1

Absorbance. at 280 nm was used to iden‘l.ily the protein peak in the
eluate fractions. Two protein peaks were identified (Figure 7).

The fractions in each peak (fraction no. 1 to 7 and 8 to 13) were pooled
and ‘l;rom each an aliquot, 6.5 ml, was reserved for glycoprotein
determination, The two pooled fractions were dl-lyséd against.rul 6 ing
water (5 to 10° C) for 14 to 18 hours and frecze-dried.

The bound fraction was eluted as a single fraction with 20 ml gf 1.0M
sodium acetate buffer, pH 8.0. This fraction was dialysed against running
tap water (5 to 10° C), for 14 to 16 hours:and freeze-dried. The pdrity of
the recovered protein was determined by polyacrylamide gel

electrophoresis.
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Figure 7: Absctb;nce (280nm) of Amberlite IRC-50 column eluate.

- Cati hange ch aphy (Amberlite [RC-50) was
- T d on the 0.3M trichl ic acid soluble serum
— « fraction. The [ractions (V = 4 ml) were eluted with 0.05M
: = o &

sodium citrate buffer, pH 5.1.




Froction number
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Results - ~.

The unbound fractions were combined when *seromucoid*
determination revealed the presence .of glycoproteins in both of “thej o
unbound fractions from the Amberlite IRC-50 column and 'no‘t in the,
bound fraction. ’

Polyacrylamide gel electrophoresis of the m’nbﬁnd fraction is shown in

. Figure8.

The, orosomucoid preparation is not homogeneous and glbumjr”is
present in the preparation. )
*Seromiicoid® determination

) B . .
The method of "seromucoid® determination used by Winzler (1955) was. “

eséenliallx that of Weimer and Moshin (1953). - —

This method of d ining serum ," protei il the protéin

in a solution that cannot be precipitated by 1.8‘1 perchloric acid and is 1

d by acidified phosphotungstic acid. This procedure is not 9§
quantitative as r{pproximately 30% of the *seromucoid® components ard
coprecipitated with the serum proteins in the precipation step. To ‘control
coprecipitation, careful attention must be given to the reproducibility of
technique. The dilution of the serum at the prec:i_pitntion step, the mixing
of the s;mm with the perchloric acid and the time and témperature of

contact between the and the precipil d proteins all infl

coprecipitation losses.

Although the id fllaction is nonh i isr

the major component. The presence of orosomucoid can be inferred from

\ g =




Figure 8: E! ph ic analysis of Amberli

column eluate.

7.5% polyacrylamide gel electrophoresis (pH 8.0) of the

tie h column, (Amberlite [RC-50); 1. fractions

1 through 13 (Figure 7), 2. human serum.

IRC-50
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the presence of the "seromucoid® fraction.
.

Materials
0.T5M saline

1.8 M perchloric acid

0.02M phosph ic acid in 3N hydrochloric acid .
0.1 N sodium hydroxide

"biuret reagent of Mehl (Mehl, 1945)

ethelene glycol 50.0 ml
60% sodium hydroxide * | 20.0 m
. N\
4% cupric sulfate \\ // 25.0 ml v
distilled water to ¥ 200.0 m S

The mixture was heated until the precipitation was complete and
filtered through Whatmar’No. 1 filter paper. Sufficient sodium hydroxide
was added to make a final concentration of 10%. This stock was diluted 10

ml to 25 ml with distilled water for use.

Method )

A05ml aliquot of the column eluate, or serum, was_added to 4.5 ml of
0.15M saline-and mixed. To this solution 2.5 ml of 1.8M perchloric acid
was added dropwise, with stirring. The mixturé was filtered through
Whatmana No. 50 hlter paper after exactly 10 mmutes 5.0 ml of the
filtrate was taken and 1.0 ml of the acidified 0.02M phmphotungsuc acld

d L i

was added with mixing. The precipi was

" after 10 minutes by centrifuging for 10 minutes at 550 g. The precipitated
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*seromucoid® was dissolved in 5.0 ml of 0.IN sodium hydroxide. 5.0 ml of
the 0.1N sodium hydroxide was used as a blank ‘and 1.0 ml of biuret

reagent was added to both.,The absorbance at 540 nm was determined.

Comment on column chromatographic methods

i Jful i

in providi

methods was g an

Neither of the ch

\ horetically h ion by step elution. Difficulties

arise in separating plasma proteins from albumin when the starting.
_“materigl is whole serum or plasma because the relative concentration of -
“albumin is so great . A.lbumin‘is present in concentrations of 38 to 51 g/I

and 40 to 52_§/l in sera from adult women and meh, respectively (Winberg,

+ 1979) whereas ; id is présent in co fons of 0.50 to 1.00 g}l
and.0.55 to 1,15 g/l in adult sera (Winberg, 1970). ‘Aﬂbmr{in—:!lakes up 50 tg
80% of the plasma proteins by ‘eight. Therefore minor proteins with
molecular weights and electrophoretic ~mobilities similar to those -of
albumin, are difficult " to .«;epnrate from ‘albumin without significunt’,‘

contamination. - %
As albumin was the major i “an al ive approach to

isolating -orosomucoid would be to remove albumin specifically in a first”
step; using Reactive Blue-2-Sephiarose - CL-6B, .and then to purify
id by . precipitati the ini insnts  with

trichl tic acid. This p d ’is described in detail in the next

- section. | * e




1. DEVELOPMENT OF A-
: " PRACTICAL TWO-STEP
ISOLATION METHOD -

The removal of -essentially all albumin frpm the plu}m p‘rotcins using
Sepharose-Blue Dextran was rt;st‘demonslrnted by Travis and Pn:nell
( 1073).~ A modified metht;d of pseudo-liglmi chromatography, using
Clbacron Blue F-3-GA, mcreased the efficiency of albumln binding and

. ehmmated the problem of lencthoI‘dye from the column (Travis et al,,
1976). 98% of the plasma nlbumm and trace amounts of Ilpoprotzms bind
SR S to the eolumn(' The strong interaction between ﬁumm serum albumin and

lhe dye Cl'hncron blue Appeus to be due to the Dbinding of the dye to the '.

g blhrubm-bmdmg slte of albumin (Leatherbarrow and Deqn 1080)

l L Rneuve Blue 2-Seph CL-GB ('r“ ia) is-a’ ial
Cibacron blue FSG—A ‘covalently attached to Sephlrose CL6B. _ __
I Reactive Blue 2-Sepharose CL-8B Chr aph
. Mnterllil

0.1M sodium phosph pH7.0,: ining 0.02% thi |

" sodium pilplpﬂll!, dibasic- : 8.52 sj..
6’ * sodium phosphate, monobasic - Y 414 g T o
s i I (ethylmercirithiosalcy \ 0.18 g
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distilled water to 900.0 ml
1.5M sodium thiocy in 0.1M sodium phosphate, pH 7.0.
sodium thiocyanate 2 1201 g

0.1M sodium phosphate buffer, pH7.0 to  100,0 m1

Methoy

LT om x 1. 5 o column of Reactive Blue 2-Sepharose CL-0B
‘f(Pharm cia) was equilibrated with 0.1M sodium phosphale buffer, pH 7.0.
The colymn was run ‘at room ;emperature with a flow rate of 02 ml per
" minute. A fraction collector was used to collect 25 2.0 ml Irgctlons,

Each serum sample was centrifuged at 1,200 g for 10 mi:utes before a
0.5 ml aliquot was drawn. The 0.5 ml aliquot of humaﬁ serum, 1.0 ml of
0.IM sodium phosphate buffer pH 7.0, 1.0 ml of 1.5M sodium thlocyanate
’nnd 48.0 ml of 0. lM sodmm phosphate bul‘fer, pH 7.0 were applied

sequentially to the‘cq}dmn, care being-uken ‘to minimize mixiag of the

sampie and eluent Isplutions‘ The unbound fraction  containing
ormmuco{d iva:y eluted with th: 0.1M sodium phosphate butl‘el:, pH 7.0
and the honu:sd fraction, mainly ulbl{min, was eluted with 1.5M mdi'um
thiocyanate. Applying the 1.0 ml of ‘)I.SM ‘sodium thipcyannte‘ b’el’yre the
48 ml of 0.IM sodium phosphate bul‘e%, pH 7.0 énabled the elution of the

protein and the regeneration of the column in a single cycle. This

facilitated the ial lication. of serum i in a semi-
automatic process.

The eluates containing orosomucoid (V = 8 ml) were podled and stored
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at -20° C, for up to several weeks until required for trichloroacetic acid
precipitation.

- : 3
Orosomucoid is a constituent in the break-through [raction of the

column eluate (Gianazza and Arnsud, 1982), which was identified by the

sharp peak in absorbance at 280 nm '

‘(Figure 8).

*Seromucoid* determination was carried out on fractions 7 through 13

(Figure 9) and the presence of "seromucoid® corresp?nds to the observed

peak in absorbance at 280 x;mA ~
Pr of trichloroacetic -acid soluble fraction
Materlals

0.6M trichloroacetic acid

Method
The trichloroacetic acid precipitation of the albumin-depleted fractions

{a_s carried out at 4° C. To the 6.0 ml of pooled eluate was added an

equai volume of 0.6M "trick ic acid di ‘,.‘\' with

stirring. The precipitated proteins were removed after one hour by
centrifugation, (2,200 g for 10 qinutes]. The recovered supernatant ‘was
dialysed 14 to 16-Lours against running water (5 to 10°~.C) to remove

trichloroacetic acid and filtered through Whatman No. 42 filtef paper.

The filtrate was freeze-dried.




Figure 0: Absorbance (280nm) of the | Reactive Biie
2-Sepharose CL-6B column eluate and
absorbance (540nm) of the *seromucoid®

component.

Pseudo-ligand ch I hy was perfc d on human .
s’e;nm 2ml frnctiaﬁs were eluted with 0.1M sodium

phésphatg buffer, pH 7.0. The *seromucoid® component

(measured at 540nm) of fractions 7 through 13 was

¥ determined.
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Quality and Yield .

. On electrophoresis in.7.5% polyacrylamide at pH 8.0 the preparation of
orosomucoid thus prepared is pure. Orosomucoid migrates as a single band
in the prenlhumin’region (Figure 10).

The yields of orosomucoid were 0.30 to 0.35 mg. A yield of at least 0.8

mg/ml can be obtained with this method.

Ré&uctlon and S-carboxymethylation

Orosomucoid has two disulfide bonds; residue 5 is linked to r.es]due 147
and residue 72 js linked to residue 164 (Schmid et al, 1974). -The
procedute used to reduce and S-carboxymethylate the disulfide bonds of
orosomucoid - was essentially that of Crestfield et al.v(lﬂﬂai except that

dithiothreitol, (Clel’snd"s rexg’e’nt) was used instead of 2-mercaptoethanol as

the reducing agent. ~Dithiotreitol has a low oxidation potential and is o

better reducing agent than 2-mercaptoethanol (Light, 1074). Also, it is less

pr@e &o spontaneous autoxidation when exposed to air.

Reduction of the disulfide bonds of cystine liberates thiol groups that
are cnpable’ of being reoxidized in air. Reagents contain/ing active halogen
groups, such as jodoacetic acid or iodoncetm_nide. alkylate these groups-and
prevent reoxidaliol;‘ .

Exclusion of light from the solution dusing the alkylation step prevents

TN

the formation of elemental iodine, whichn‘m'tig' react with tyrosine,
3

o

tryptophan or histidine residues. Excess iodoacetic acid is also avoided to ‘

minimise the iodine side reactions. The prevention of the iodine side

reactions is most critical for subsequent amino acid sequencing.
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—— . Figure 10: . El h ic analysis of id p

7.5% polyacrylamide gel electrophoresis (pH_8.0).
Lanes 1., 3., and 5. human serum, lanes 2., 4nd 4.

orosomucoid preparation.




Albumin ——»

Orosomucoid —s



Materials
ZomM  ethylenedisminetetra-acetic acid (EDTA),

disodium salt solution
1.5M  TRIS-HCI, pH 8.6
3.61 g urea
232 mg dithiothreitol ol

31.19 mg iodoacetic acid, sodium salt

Method

-361 g of urea was dissolved, by warming, in 0.3 ml 50mM sodium
EDTA solution and 3.0 ml 1.5M TRIS-HC], pH 86. This solution was
added to the freese-dried protein and the volume was brought to 7.5 ml
with distilled water. Preincubation in this 8V urea solution at 37° C for
16 hours was required to completely den‘ature orosomucoid (Kitamura and
Yamashina, 1972). "To reduce the disulfide bonds 23.2 g of dithiothreitol
wn;q added to tl}e‘ denatured protein solution at room' temperature. After
one hour S-carboxymethylation was achieved by the addition of. 31.19 mg
of ;d\lum jodoacetate. The solution was kept dark for 20 minutes and
then dialysed against running tap water (5 to 10° C) for 14 to 16 hours to
remove ' the reagents used to reduce and alkylate orosomucoid, and then

freeze-dried,




Cy bromid nt of
reduced-c‘arb&xymethylated )

orosomucoid

Gross and Witkop (1962) have_ d the value of cy g
bromide as a non-enzymatic reagent for the cleavage of melhibnyl.pep'.ide
bonas. Cyanogen bromide is specific for the meéthylmercapto-group and it
does not r.esct with other amino acids, except cystine, witt\which there is a
slow rel'clion.. The reaction proceeds nt‘v room temperature i;; an aqueous
solution under acidic _conditions. Excess cyanogen ‘bromide and by-
products of the reaction are volatile and can be removed by freeze-drying.

E2
About 25% of the sialic acid is cleaved in this reaction (Schmid, 1975).

Materlals
15M  formic acid \\

0.5 mg cyanogen bromide s

Method
Theé, freezg-dried. reduced, carboxymethylated orosomucoid was
di.ssolved. in 1 ml of 15M formic acid and 0.5 mg of cyanogen bror;xide ‘was
added. lkenaks et al. (1972) used a ratio of equal parts by weight of -
o‘rosom\lcoid and cysnogen bromide.  Orosomucoid is presemt—ir—:
mncéntrntions of 0.50 to 1.00 'g/l and 0.55 to 1,15 g/ in adult female and *
male sera, respectively (Winberg, 1079). If one assumes- a serum
concentration of 100 mg% for orosomucoid, then 0.5 mg of c;'anogen

bromide provides a slight excess of_a 1:1 ratio by weight for an initial




serum specimen of 0.5 ml. .
The reaction proceeded st room temperature for 16 hours, with
“ occasional stirring. Eight volumes of distilled water was added to dilute
the solution snd it was freeze-dried to remove the exc;u_cy-nog!n

bromide.

Molecular weight of cyanogen bromide fr

A methionine residué at position 111 is universally pfesent in human

id but a i ! quarter of the id molegul
in a pooled sample from a large number ‘of d_onoru have a second
, methionine residue at position 156 (Emura et al, 1971). In no case was an

amino acid -other than 'rnethi'on_ine or valine found at this position.

Cyanogen bromide ?f ingl ‘methioni veold will
]5 + wlypeplid.e o its: CNBr-1 and CNBr-Il. Cyanogen

bromide treatment of id two Snine residues will

generaté three fragments: 'CNBr-I, ONBr-II and CNBrIV. o

The m{aleculu ‘weight of the pépl');ie portion’of oresomucoid calculated
from the amino acid composiﬁorn reported by Schmid et al. (1973) ranges
from 21,005 to 21,780 daltons. The actual mdlecular weight of an

polypep chain is d

E t on its amino acid composition
because 21 of the protein's 181 resldue: are sites of possible substitution
(Erpura et al,, 1971; Schmid et al., 1973).

The molévular Weights of the polypeptide 'I’ra'gments' geneut:ed by

\, gen bromide of d sre: CNBrl, (ruldues 1-111)

12,779 to 13,145 daltons; CNBr-lI (residues 112-181) 8,316 to S,Ml daltons;




it . - l71

'CNBr-m (residues im—xse) 5,151 to 5,480 daltons; and CNBr-IV/ (157-11$l)
3,167 daltons. No amino acid substitutions are known for the CNBr-
fragment and it has been termed the constant region (Emura et al., 1971).\
All five .carbohydrate groups are attached to the CNBr:l fragment. h‘
one ass‘\:mes a molecular-weight of 46.000 for glycosylated orosomucoi
' th;n the molecular weight of this {rag‘men‘i plus the carbohydrate group!
would be approximately 31,356 to 31, 684 dsltons The expenmenhlly
deurmmed molecular weight of a glycosy}:;::;NBr-I would be shghtly

rate degradation during

less than theoretical because of partial car!

” ¢ L the cleavage step.w ¢ ' ' >
The peptide fragments generated by cyanogen bromidﬂﬁavage.of
pooleq human  orosomucoid were resolved u§ing SDS-polyacrylamide
electrophoresis, the conditions bfor which are outlined in the following
;ection. Allhol:lgh the cleavage product:'z v;ere not run si{nn]taneously with
2, . the CNBr\fragments from.the lab of Schmid and his eollah.omtors (Schmid
A ‘ ’ et al, 1973),.we can bt;_ certain that the peptides are as identified ?;ecause
“Tthe. orosomucoid preparation was  previously show;: ) to be

electrophioretically pure (Figure 10 ‘The molecular weights of these

were estimated from their

in SDS-polyacrylamide gels
(Figure:11). )

he i lly de ined molecular weights of CNBr-I, CNBr-II,

tI and CNBrIV were 28,208, 9,567, 5,027 and 3,630 daltons,

-y o refpectively.




- . . .

Figure 11: Molecular weight estimation of CNBr f
"Squares represent the markers; bovine insulin,
" (MW = 5734) and horse heart cytochrome ¢,
(MW = 12,384). Circles représent the fragments
generated from cyanogen bromide clea’vage of pooled
R s
human orosomucoid.

‘ »
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Sodlum dodecyl sulfau polyacrylalmde

gel electrophoresls . /‘ ‘
: r

Molecular weights ol' pepnde fragments can accurately be determmed‘

by sodilqn dod'ecyl~ S\;lme pol{l:rylamide electrophoresis. "The _ ’
electrophoretic mobilit’y -of peptides in polyacrylamide gels, in“the presence
of the auioni:: detergent ‘sodium dodecyl sulfate (SDS) is inversely
proportional to the logarithm of their molecular weights (Shapiro et al,,

1967). This relationship has been used for the estimation of the molecular -

weights of peptides. . -

The difficulties of separatin and resolution when estimating the size of _
polypeptides with molecular weights less than 14,000 have been overcome N
in an y publication (Bethesda Research Lab ies, Inc., 1981). - '

Low molecular weight proteins (3,000 - 43,000 daltons) were resolved using
a modified procedure of Shapiro et al. (1967). - o

Gels prepared with 8M urea have a decreased gel porosity and as a

result an ‘increase in the separation amd resolution of peptides with

molecular weights less than 103000 dal
Materlals
Running buffer and gel buffer

0.1M sodium phosphate, pH 7.2, 3.5 mM SDS

sodium phosphate, dibasic ) 10.51 g

sodium ph‘oaphnte, monobasic B . 3.59¢g -
sodium dodecyl sulhte ’ . t 1.00 g

distilled watento ] ‘ ’ o 1.01




Sample buffer

g sodium phosphate, dibasic 0.105 g
§ g sodium. phosphate, monobasic 35.90 mg .
: B sodium dodecyl sulfate ’ 1.00 g .
urea I 42.04 9
. bromphenol blue‘ ’ _ ) 10.00 mg
distilled water w h 100.00 ml
Resolv‘ing Gel, 15% Acrylamide (BIS:monomer ratio 0.8:30)
acrylamide . ) 10.23 g
BIS. 0.27¢g ¢
wrea - 25.20 g
TEMED . ‘ 50.00 A
0.3M ammonium persulfate 0.70°ml /
gel buffer to” ko x \ 70.00°ml
Stain: 0.1% Coomassie blue, 25% 2-propanol, 10% acetic acid,
\\ 0.1% cupric acetate o
\\ X Cuom’usie‘brillia;n blue R 250 - . q.;«
! \w 2-propanol » ' 25.0 ml
& ‘\ | ' . glscinl sielie acid "10.0m)
Fupric acetate' L ) 0.lg

.distilled water to  ~ * 100.0.m1
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" Markers:

horse heart cytochrome ¢ (MW = 12,384)

bovine insulin (MW = 5,734)

Methods

Prep. lon of 1693 acrylamide gel

Gels were prepared three to four hours in advance and kept at room

No upper ing gel was used. Each gel was prepared

by dissolving, with warming, 254-2 g of urea in ‘appmximately 25 ml of 0.1M

. sodium phosphate, pH 7.2, 3.5 mM SDS buffer. The following reagents
were then added, 10.23 g acrylamide, 0.27 g BIS and 50 » TEMED. The
volume was brought to 69.3 ml with 0.1M sodium phosphate, pH 7.3, 3.5
mM SDS buffer and the solution was mixed. Immediately before pouring
the gel between two vertical glass plates (16 cm long x 18 cm wide x 3 mm

thick), 0.7 ml of 0.3M i Ifate was added. A

persulfate solutions were .prepared weekly an‘d kept at 4° C. A comb was
inserted between the glass plates to make 10 wells. The dimensic;ns, length
and width, of the actual running gel was 13 cm x 14 em.

Samples

. : § i
Each individugl sample of the cyanogen bromide, treated ‘orosomucoid
was dlssolved IM the sample buffer and loaded on the gel.

mercnptoethnnol ulns omitted from’the sample buffer and the snmples were

not boiled.




Electrophoresls *

“A Hoefer Scientific_Instruments Verlic:{ Slab Gel Unit (SE 600 series)
was used. Gels were run at ;oom temperature at constant power _a.ller an
initial setting of 85 volu.(s _v/cm) until the tracking dye r_eaci:ed the
bottom of the gel in nppmxim,ntely 16 hours. The running buffer was 0.1IM
sodium phosphate, pH 7.2, 3.5 mM SDS.

SDS is less soluble at _Iower temperatures, therefore buffers containing °
SDS were kept at room temperature without external cooling during the
electrophoregis run. i

Staining “ .

SDS must be removed from the gels before the proteins :\n ;e stained.
Soaking gels in 26% 2-propanol for 10 to 15 hours removes the 'w The
Coomassie blue and acetic acid can_be included in this fixative step. The
'lddi;ion of cupric acetate to the staining solution was recommended ft;r
improved staining of small peptides (Bethesda Research Laboratories, Ipc., ’

. 1081). : S '
Gels were I;lked in 100 ml of the sui'ning solnrtimn for 15 hours:
. Destaining was achieved through numerous changes of 10% acetic- acid. All

1 d h

were ona ical shaking

staining and d

device set at minimum speed. 4 "
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Results ’ N “

.
The el phoretic patterns of cyanogen bromide cleaved orosomucoid

i5olated from four individuals are given in Figure 12.

Population and familial 1

To determine the 156MetVal gllele frequency 49 serum samples,
randomly chosen from hospital patients, were processed using the

previously described two-step purification method for

Serum samples from 25 nuclear families, collected by. this laboratory for
genetic ‘s!udiu, were processed using the previously described two-step

purification method for: id to i igate the inheri of the

156MetVa! gllcles, HLA and other genetic markers determined no parental

exclusions in these families. ~




;-

\Y

Figure 12: El phoretic patterns of id CNBr

) fragments in SDS-polyacrylamide gels.
"The electrophoretic patterns obtained in 15%

SDS-polyacrylamide gels are respectively;
1. CNBr-I, CNBr-II, CNBr-Ill (156V2'Me)
2, CNBr-1, CNBr-II, ONBr-ll (156V2hMet)
3. CNBr-I, CNBr-II gnseM='-Metj

4. CNBr-I, CNBr-TI (158V2hV2))

¢
5. GNBr-l, CNBr-Il (156V2V))

i




CNBr-1 -

CNBr-ll .

CNBr-lil -
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RESULTS

Isolation of orosomucoid

A practical two;step isolation protocol for orosomucoid has been
s

- described in the Materials and Methods section. Although the techni\ques'

employed are not new, they have been combined sucessfully to isolate pure
orosomucoid, as determined by 7.5% polyacrylamide electrophoresis, from

0.5 ml serum. -

Allele frequéncy !

Genotypes for the 156Met.Val

variants of orosomucoid were détermined
by separating the pe‘ptide products of CNBr treated orosomucoid in SDS-

polyacrylamide electrophoresis. From the observed genotypes the allele
h

- frequencies were calculated using the Hardy-Weinberg equation for 49
L %

samples, randomly chosen from hospital patients. These allele frequencies

are given in Tablg 2. .

Mendellnn lnherltnnce

A sludy of 25 h llles, conslstmg of*both parents nndv at least one- ¢hild,

155M" Val vnnnnts The netual‘and predlcled number of prngeny from the

.25 mntlng pairs are reported in Table 3. c e e
¥
ion of one. o[fspnng. fmm A Val, Val x Val,Val m}hng all
re con with » Mendelian modé or inheri for
iy . “ 5 g
P R ! ' 4 ok *
' ' ’ ¥ Bl e v

.were used to demonstrate a Mendelmn mode ol mhenisnce of the’
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Table 2:  156MetVal Frequency in 40 random samples

Genotype - " Number
Observed  Expected
<
ValVal o1 (19.5) )
Val, Met - (2284) . : \
MetMet "8 (871) : s
. : Q- "
Total 49 5 1
: £
B4 \
Estimation of allele frequencies:
\
38+24 ¥ .
156V 222 = 063 £ 0.1 "
(3 ]
12424
Met, =77 _ 937
156™¢": 5% 0.37 £ 0.1 2
(95 Confidence limits: & 2
a .
¥ '
%
\
2 -
> ) .
. v




Table 3:

. val,
Inheritance of the 156

i‘n 25 mating pairs.

s -

83

et
. alleles

Mating pair

Off‘apr ing genotypes

Vval, Val Met; Val Met, Met
o (B) o (E) 0 (E)
.
, :

val,Val x Val,Val 5 13 (14) 0 (0 1

Val,Val x Met,Val 13 27 (24.5) 22 (24.5) 0 (0

val,Val x Met,Met 1 0 (0 343 0 (0
Met,Val x Met,Met 1° 0 (0 2 1.5 T a.s
Met,Val x Met,Val 5 "7 5.5 1 an 4 (5.5)

25 total offspring 9

Total mating pairs

(0 = 'obn:vdd; E =

expected)



the 156Met.Val

variants.




DISCUSSION ce

lnvesuganon of geneuc ‘variation in proteins has been at lhe lorel'ront of

genetic research *ce the development of electmphorenc methods of

several perspectives: they permit direct. expeﬂmental analysis of the factors
_maintaining genetic variability in populations; they have been used as
linkage markers in mapping the genome of ‘many species, including
humsus; they have been implicated as inherited risk factors il; disease
susceptibility; -nd they give the probem chemlst and enzy;polopst access to

families of functionally Equwa.lent proteins with ammo—ucld substxtullons at

and

- various sites, giving insights on

- of concepts such as variable or highly conserved-regions and sites within
the primary structure.

s ores —

Despite the i of el P, in ical genetics, the

method has one major drawback: it can only detect genetic variation where
. there is a significant difference in molecular weight, or when; there is a
l‘chnrge at the pH chosenfor electrophoretic

significant d}[{erenca in net
/ . e
N analysis. Genetic variatlofl ‘in mylecular weight is an unlikely “event;

N

»

 and Hp? where‘l‘-l;%u isen fr m fusion W@blett, _‘
. ) T )
.. 1060)" . * - Most genellg :p\blymorphism ixﬁvolv_ s o single: amitio-agid

N analysis in the 19503 Protein polymorphisms have been of value from #

N

o




'f’be detgeted as a shift in the isoelectric pH of the protein.

7
and the ' change in molecular weight is less than
that detectable by gel ) horesis. Also, i of the genetic code
- AN '
indicates that i ly 60% ions will involve repls of

one uncharged amino acid side chajn with another unciiuged side clmin;’
such mutations are unlikely to be de‘m!eg by. conventional gel
electrophoresis. This problem has been i‘uol\;ed'lo some extent by the

development of isoelectric-focusing. With this !echniqﬁe. minor changes in

arising from of one amino acld wn}x another of

dlsslmllar size may induce subtle net electrical’ chnrge dlﬂerences that can -

An alternative app h to the detecti of electricall o
{

substitutions, is to cleave the protein with site-specific rz'agenls and count

the number of fragments generated. Cyanogen bromide, for ex_l.!nple,

cleaves specifically under standard conditions at the carboxyl posifion of :

methionine. Therefore, a mutation regulting in the rei)hcemenl of an

N\ y & 3
detected by simply counting the number of fragments generated by
cyanogen bromide treatment oI’ the pmum

The use obwylnogen bromlde clenvnge as 8 speclﬁc toof to detect

been tested unhl now. This investigation cnn\hq subdivided ]oglcllly and

operationally’ |nto componenu t)u choice ol’ o suithbly hul protein;

pment of a simple technique to'isolate nd punfy lhls protein 4rom
ln;ge numbers of lndmd\ul: s required | lor gene\ic mvuugnlonl,

I &

¥ s

yptic poly phi mvolvmg methionine. hu nol. ’

_ amino acid by methionine, or of methionine by another amino’ acid, can be A

.




N

exists. Also the protem should be

d Iy v ‘lable from a large number gv:;écu in prmuckonly a blood

Was chosan as the model protein 7 e

. because it is presen! in humnn blopd nnd the melhlonme content is kuown g =

! to be less than 1. 3 ‘moles oFmethlomne per mole of protem lS@hmld et xJ

ana]vsns of pooled mate lﬁ'dlcstes that 21 al the 131 Lesxdues.arullns of

yet onlv one

Arg/Gln at posmon 20, generntes an

detectablé poly wnh allelle lrequeucles of 0.! 54

d before

This is- a. r kabl

~ s . example ol a hnghmmorphlq protein for whx’c\\none of the vnrlmon s
\ \ detectnhle\b}' gel electrophoresxs of‘the nntlve proteln :

Seqnence annlysns (Schmnd et al, 1068) uuhcnw that methionine is -

) ;rgut “at poﬁl‘wn lll universally but a vmxnt bxnsh\ ith either® !

= . methionine or. \nlme at posmon 156: prexunnbly the polymorphum is due
: o U macucwcbm"“ "The '}“:,*‘_er hionine,

and vuhne at posmon 156 m pooled material suggests’ that the allele

! frequenc\es are 0.75'and 0.25 for ISBV" Qnd lsBMf', rupecuvely (Emura.el




. v/ s b
nl 19‘11) Cynnogen bsonndrdeavagrvh 156 prctem should yleld two . 5 T

o otherwnse cysnogen
frngments Mmt cf the work ol th
! developmenﬂsu pmwcol that would penmt uohhon of pureyxﬂﬂxcmd - , o
from small volnmes o\ lo_od . =
s : Mnny ot the isolation methods\r\ported molate‘orosomucmd from a
5 large “pooled source und very often.the starﬁh&%ﬁn s Cohn: Fraction V. . - ’
" nr VI a by pmduc& of plums [rnctlonat reported isolatlox; E k\.
<3 methods nsmg\serum R starung source none seeBed %\Lﬁi nme- !
— \ 'elﬁcnent for lsolmng orosomu \‘d from~ 0.5 “ml of —serum . fF m; i

\
approxnmalely 200 samp]es

The hlgh solublllty nnd the hlgh net negutwe electrostmc charge of this

protem s*mve pH 4 would s\lggesl, that u-mlmon methods based on’ thme e -

l.wo Physlcuehemlcul gmpemes would:sccessfully isolate: mucoid from

the’ other\pluma pmtems In prschce there are dnmculhes in separatmg

T minor plasma pmtems fiom’ slbumm because the relative cycentrahon of - | s

‘I % §
T " .
% wn ko R albumin is 50, gre \\l‘ \ > /

Depletlng serum of albumm, usmg Reachve Blue«?-Sephurose CL—BB

provided :a prepnrahop l'reg of the” mn;or contummnnt and nllov{edqur )




R W o 8T , u

. Sy Vg 2 o7 by
mck mlnuon ol somucoid by triehle etic acid precipil of the

. e Altliou;h acid precipitatio ‘ol serum proteins has
- J been criticized, mild d tion of orosomucoid did ot Inve to be
,avoided as “the prepnn!lpn would be \ued l‘or chemical stndnu The

g .Protocol developed permitted the isolation of sulficient eleetrophorenully-

\ & -pure oroaolﬂncoid from as little /is‘ 0.5 r‘nl of serum to ensble subsequeut

N

.;,y};n bromlde cleavage md electmphoreﬁc mt]yus of the ruultmg
/rsgments ¢ . .

l|l snmples &1@100 samples). In no individual ' was'less than two Cl‘@_

mobllxuu of theé fi efe-.a iate ror the 1

c i)
. ‘_,’ . fragments remlved m SDS-poJ/ncrylnmlde electmphoresls and the rellhve

welghls

~ cn.lculnud lor these fngments\?auem; of two, three, or-four bnnds‘could

\/ < S \ 7 .. be observed dependmg on tthdmdull sera ‘sample,  confi rmmg the
\ ) A metlnomne subsm\ltm at pos:t 156, .

\\ ‘\i\\ CNBIN was difficult to stain md in some . mnples canld not be

. ‘\\, : detected._ Genotypu could still be de\kmmed as CNBr-Ill - was readily

f deuctnble nnd CN'Br-lV could not be praent wnzhont CNBr-II' \

A Y 4 : The ﬁnll test of. this approach was_to-d: ine if the f )

: - detected wera dicati o a ggmune polyn ,. . The 'c;iterin selected

‘were tlnt the mhmtanca' of CNBr frlgmenu uhould stnctly l'ollow 8

Mzndelfan ‘pattern’ in hmﬂles where HIM pi

. e ' geneuc markers' eonﬁrm true pabermty lﬂd\lﬁl‘{

s ln a rlnrlom n.mpla of the lation should be in* with' the

I

N
The pruence ofa metlnomne rmduu at posmag)n was confirmed for :

‘and segregation of other "

requencies of Variants *

P

%




lates  of tho Hardy-Weinberg . Equlhbnnm thua criteria were met

Wlth only one excephon, an- unlyms ol 141 mdindlnls il'l 25' nudur
" N families demonstrated. s” clear-cut Mendelnn segreg The uceyhon SN
3 .. “was probxbly the ; renlt of -2 mislabelled. specimen . beln[ supphad % aon

‘mddmon, the phenotype lnq}enelu obter'ea l‘mp 49 _rndomly-ulecud

xpeclmm were’ in good .greement with tb expechhons ol the!

<5 B Weinberg equation.” Esti allele

156”‘?‘.-:;1 lSQv'lv, respectively. -~ e

In Tusi thm i igatio ‘cieariy demo; es ihil-ie\ﬂeﬁc‘ ‘ s

~ varmlon lnvolvmg melhlonme -can he dmmd b}‘ xpeclfic

pruums wnlh cymogen bromxde followed by. SDS-eleclrophoruu ang'
.=+ orosomucoid #s & model 8 meﬂmd hu been developed to punfy thu A9

* ) promn lrom ls lmle 85-0.5 ml of serum. to cleave. Lhe pu mluﬂh,l

with cyanogen bromlde and nulyse 'the lngmenu by. electmphorms, an
to conﬁrm theu results by - genem nnlysu ol Tnmlu.l nnd populatwn =i
P

nuuml '_ 5> o2 g . S e g

Ay
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