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ABSTRACT

Basement membrane 1s a glycoproteln structure

resembllng the collagens. Peptlde chaÍns are randomly layered

over one another, and llnked together by covalent bonds.

Carbohydrate ls present ln both a glucosylgalactosyl dlsaccharlde

unlt and 1n a complex heteropolysaccharlde unlt. In dlabetic

glomerular basement membrane the number of disaceharide but

not of heteropolysaccharlde unlts becomes lncreased. The cause

of this increase is unknown. Basement membrane has an exceedingly

sLow formatlon rate, and in man ls relatlvely lnaccesslble for

study. Serum glycoproteins have a relatively rapid formation rate

and are readlly accesslble. Thus, a study of their structure

and metabollsm 1n health and in diabetes might serve as a model

appllcable to the basement membrane disorder of diabetic micro-

angiopathy. Orosornucoi"d, a circulating hepatic-synthesized

protein of unknown functlon, was chosen for this purpose, bê-

cause it is present 1n serum at a relatively high concentration

(65 ne%) anO with a high carbohydrate content (\0/") " Methods

were developed for bhe lsolation and measurement of stable and

radioactlvely-Iabelled serum orosomucoi-d, and for measurernent

of orosomucoid hexose c.ontent. Then two studies vlere carried

ouE.

In the first study, the distributlon of serum orosonuco'e

l-eve1s in l0 dlabetic subj ects proved to be siqnif icantly Iot,¡er

than that j-n 10 healtÌry subjects (p(0.025), v¡hile that of the orc-

somucoid hexose content tended to be hfgher 1n the diabetic sub-

jects than in bhe healthy subJects (p40.1). In health, the serun



orosomucoid l-eve1 showed a stronpì neqailve cor:rel-ation with
the plasma tr'iglyceride level (r = -O.BB; p¿0.001), but no

tendency toward a corelation r,vith either the btood glucose

l-evel or f,he plasrna cholesterol 1eve1. rn diabetes. the serum

orosomucoid leve] likewise shoi^¡ed a strong negaLive correlaLion
rvith the plasma trigì.yceride ]evel (r = -0.21_; p 40. 05), but

also a signifÍcant inverse rel-ationship v¡ith both the fasti¡g
bl-ood glucose level (r = -0.66; p <0. 05 ) and rn¡ith the average

quality of long-term diabetes contr.ol by treatment (p<0.05).
It also showed a tendency to correlabe inversely vrith the plasnna

cholesterol l-evel (r = -0.lBl p -\ 0.05) . The orosomucoid hexose

content did noi correlate significantly v¡ith any other su.bject

characNeristic, incSuoing Lhe orosonucold 1evel. The various

observatlons suggest that the rel-atlonship between orosomucoid

and grucose leve1s in diabetes is not a direct one. but rather
a reflecbion of the higher trigryceride l-evels prevaÍling in
subjects v¡ith less r,'¡e1]--controlled diabetes. The cause of this
unexpected relationshlp of orosomucoid to triglyceride le.¡els
1s unknov¡n. structuraL abnormalities of the carbohvdrate

conponent of clrculating orosomucoid appear to occur in ti:e

diabetic state; their cause al-so is unknoln. The findlngs, in
general, encourage the viei+ that an in-depth study of serum

glycoproteins may be relevant to an undersLanding of rong-Lerm

diabetes pathoJ-ogy.

The second study was directed toward measuri_nq the

entry rate of circurating glucose into serum orosomucold. rt
was necessary to design the methodology and kinetlcs analysis



1n prellminary studies; the entry rate of clrculatlng alanine

lnto serum albumln was selected as a prototype" 0n the basls

of the experlence wlth alanine-albumin lncorporatlon, the

measurement of the lncorporatlon of circulating glucose lnto

serum orosomucold was successfully carried out in a healthy

subJect" 60f" of orosomucold carbohydrate was derived from

circulatlng glucose" A comparatlve study of the rates of

lncorporatlon of circulatlng glucose into orosomucoj-d in health

and in dlabetes now appears feaslble" This may provide insight

into the etiology of the abnormallties in serum orosomucoj-d

hexose content in dlabetes, and thus relate to an understanding

of the alteratlons in amount and composition of basement membrane

which occur in dÍabetic microangiopath5r.
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Iì.iTNODUC'IION

The exis'¿ence oi nacroìÌlolccul-ar conpounds con-

tajninrì both pepticte and car"boh¡'drate has been l<nov¡n for
decades (f -l ¡. The d j-sL j.nctive comÐonents of these

complex subs;Lances are the ainino sugars. The ter.m

"muco-subsLances" clesignates this entire group of r¡acro-

mn'l r:nrr'l oc {-}rg ter¡n ttmucolt r-of or"nì nrr t¡ 'r.he nFêq.êr-ìr¡ê ofTITUUU t UI U! I III( VV VIIç -UI çùEIIUg

amino sugers and not to the viscous properties possessed

by only some of these compounds. The "muco-substances"

are subdivided inio tr.¡o distinci groups, the mucopotysac-

charides and the glyco¡troLeins ( 3-5 ) . In the older liter'-
ature, in\rest,iga.tors referrecl to both glycoproteins and

mucopolysaccÏ:arides as mucoÐroteins (4,5). This te¡.nino-

loqy v,ras a descriptive form used to designate proteins

with a relatirrely high carbohydrate confent and is no

longer used.

Mammalian muconolysaccharides, vthich are founcl

mainl¡r in the connective tissue. are acidic substaì'lces

conf,aining uronic acids, sulphaie est,ers, or both, in
acldition to the ami no suqar.s and are exer-rrplif ied by such

substance s as hyaluronic ac j-d, chondroitin sulphabe, hepar.in,

and keratosul.phate. rn 1,he native state, the carbohydrate

colnponent of these compounds is linked to the neptlCe b)'



an lonic or very 1abl1e coval-ent

components can Ëherefore readlly

drastically alterlng the rest of
proeedures such as changes ln pH

2

bond (3-5). The two

be dlssocLated wlthout

the molecule by physlcal

or 1n lonic strength (2 rU 15)

Glycoprotelns dlffer from mucopolysaccharldes 1n

that they contaln no uronlc aclds (3-5) and few (3) or no

(5) sulphate esters. In these compoundsr- the carbohydrate

and peptlde components are f1rmly llnked by covalent bonds

(f, 3-6) and can only be separated by drastlc chemical

treatmenE (2r4,5),

Although glycoprotelns are not characterized by

a unique amlno acid content or sequence (1"6), they

do contaln a characteristlc group of sugar components

(tr5r6). These lncl-ude the amlno sugars, glucosa¡nlne and

galactosamlne, usually present in thelr N-acetyl form;

the neutral hexoses, D-galactose, D-mannose, and D-glucose;

the pentose D-xylose; the methyl pentose L-fucose; and

the N- and O-acetyl and N-glyco1yl derivatives of neura-

minic acld, co1lect1vely known as the sialic acids (1r2,

4-6)

The carbohydrate molety of a glycoprotein may

contaln es few as two or as many as seven of these sugar

types and may constltute from less than I% to more than

B0% of the welght of the molecule. In contrast to the
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Ðept icl,c cha.i rl , 1-lle coìnÌ-ìos i';io::l oí"¿he carDoil¡rcìr'aJ;e coiÌl-

ponc-'nt. of a ¡1i r.ren ql)¡co1r:rc';c:i n i:; scliieitha.t j-nccnsiant.

Thj.s phenomenon, l,crnecl "ntj-crol1c';r-'r'o¡eneit5r'r, has bcen

obscrvecì in al-mosb all ßlycopr:otcins. Des¡ri-1-e thesc

intcrrnolecular and in'urarnof ecular variati ons, ßl yco-

nr"nt,.i nq m¡r/ stil-l be consiclered es a 8l"oup due to the

pliesetlce of the covalenl, carboìtyCr.ate-peptide linl<age and

the characteristic qr:oup of sugars ( 1,6 ) .

Glycoproieins are wldeIy distributed in ani-mal

L j-ssues ancl account for a maj or portion of the carboiry-

cìratc present in pol-yner form. ltlore recently, glyco-

pro';cins have afso beeir found iir planis and microor'gatrisms

( 6 ) . Taì¡le I exenplif ies the divet"istv and u,biqui tous

naturc of chese car.bohydrate-containinlq prote j.ns. T¡-

clucled are all of the plasma proLeins r'¡ith Lhe excepti on

of al-bumin, proteins of mucous secretions , hormottes ,

enzymcs, sol-ubte and lnsoluble componeuts of connective

r-i c-,a onrr hoth ce]Iu1ar and extracel-lul-ar membranes.L2-LÒòug, cltlu U

0f these groups e onlSr the extracel-lular basemen'c membrane

rr'iIl be discussed emphasizing both its structure and its

metabol-ism in health and diabetes.

BasemenL nernbrane

ivhich re¿lct intensely tviLh

s are extracc'Ilular mentbranes

the periocÌic ac id-Schif f stain,

STRUCTURII Al'JD i','iET1\B0LIS]\'i 0F BASirl,']El'iT ¡iEt{BRAI'iES IN HEALTi'l
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lndlcabing thelr glycoproteln nature. Histochemlcally,

use of this staln has demonstrated the wide dlstributlon

of basement membranes throughout varlous tlssues of

the body. Fqr example, they are important components of

the caplllaries of the vascular tree, the alveoli of the

lungs, the renaL glomerull and tubules, and the êVê,

being represented by the l-ens capsule, Descemetrs

*"*t"u." of the cornea, and Bruchrs membrane of the retina
(6,7).

The two most apparent physlologic roles of

basement membrane are those of selectlve flltration and

of support (6rT)" The role of basement membrane material

as a fll-ter is best lllustrated by the basement membrane

of the renal glomerulus " In the glomerulus the basement

membrane constitutes the only complete barrier between

plasma and filtrate si-nce the endothelial and eplthelial
ceI1s, the other two components of the glonnerul-ar cap111ary

walls, are discontinuous. The glomerular basement membrane

serves as a passlve fllter whose porosity is probably

determined by the structural- arrangement of lts peptide

chains and carbohydrate únlts (6r7). The basement membrane

of Less specialized capillarles, such as those found in
muscle, are also belleved to play a role in filtratlon.
However, iñ thls type of caplllary the layer of endothelium

overlying the membrane 1s contlnuous and therefore assists

the fil-tratlve functlon (7) 
"



t,)

The' l-e¡is cil¡r:.:t-tì-c of t.Ìrc cJ¡r, rvlrj.cfi cotlDl-cbc'-Ì¡'

clt-r\/eIc;¡rcs tÌ'ie l-e::l:;, i-s coiiiltose ci of basemen'¿ incliibranc:

rr¿rier"-Lal ancl il-]ustrates tl':e irirltortani; role that base-

nlenL ncn'oranc na:/ as sume as Lt su.¡,rport ive sLruc i,ur.c. (6 ,7 )

AnoLher important sti:uctural protein i-n the

ì:od,v i s colla,qen since it is bilc priucipal component of

connective tissue. Analysis of basenent rnembrane and of

collagen has lndicated sl,rjlrinc¡ simil¡r.ities betlveen

these tv¡o comÞounds.

Conoos-i-Lion 0f The I'Jormal Glomerular Basenlent Membrane

and Its Relationship to Coflagen

Collagen, the insol-ubl-e f iber of connective

tissue, is Lhe most abunCant proLein Ín the body and

accounis for 25-33% of the tol-al protein (6ii of body

rveight)" Under the elecLron mÍcroscope, collagerr fibers
are shorvn to be composed of smal_l_er fibrils having

characteristic cross-striations, X-rav diffraction
sfudies of the collagen fibrils indicate that ther¡ are

composed of long, narrotl, assyi'letric molecules having a

helical structure resembling a triple-stranded cable (B).

The amino acid composition of the collaqens,

illustrabed in Table 2, is highl-y cl-laracterisLic of this
fanily of pr"oteins. Glycine, the simpl_est amino acid,
is the nost abundant in col-l-agen and accounts fo Tf, of

the Lotaf amino acid residlres. Alanine, ilre next simplest



¿Ìnrino ac.1d ) a.ccouì'ìt,Ír f olr lIl of the toLal- a¡n,ino acicj

rcsicìucs vrlrilc thc ilnj-no aciCs, p::ol-.Lrre atrci l-r¡rdro;,:.,'-

prol-irle, tc,qether. accounL f or a further" 22%. These

four amino acicis therefore account for trvo-thi¡'ds oí
the entlre colJ-ao;en mo-ì-ecul-e (9 ) . It is important ';o

notc tÌrat the col-laqelrs at"e anonfl the fel'r pr"oteins

l<nolrn 1.o contain h¡'droxyl ysine or a substantia] amount

nf ìrr¡ri'nnwr¡n-^l i np llr¡s l.r-i ne er¡sl. i nc, :¡nrì j-.¡.r¡ntnnh¡nvI1riyutv/!LY}/IvIfr¡g.vJùvçIlIç,vtYovIl1UJc..

are absent (B).

Under the electron microscope, the glomerular

basement membrane appears amorphous and does nob sho\,J

the fil¡rillar structure characteristic of collagens.

X-ray dif fraction studies, however, girre a mol-ecular

pattern similar to thaL obtained v¡ith the collagens (10).

DeLail-ed cÌremical analyses of canine ( l0 ) ,
bovine (11), ancl human (fZ¡ glomerular basement membrane

indj.cate that it belongs to tÌre colla¡4en famity of proteins

The occurrence of hydroxyJ-¡rsine, and. a signif icant amount

of hydrox)¡proline and proline, as v¡eII as the presence

of one-fifbh of the total- amlno acids as glycine is indi-
cativc of tliis fact (f O¡. The glonerular basernent nen-

brane does dif f er f rorn the coÌla¡1ens, however, itr a f ev¡

respects. Quantlt,aLively, there is l-ess ßlycirrc, proline,
and hyclrox¡'1¡roline and not'e hydroxyl]'s j ne than in the

collagens. i'{alf-cysbine, âil amino acid not Ðresent in
colIa.3en, does occur in the basement mernbrane.
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I'he i)t"cÍ:rcncc o{ z f c-i at:1,',re1¡r larqe at,'.lcut-ii oí'

c¿Lr"boì-r¡,rrli.ate ccnlared 1,c ler;s thar-r Li: in coll-¿ìÍlc.l:l further"

di f f ci'cnLiatcs; th is nateria,'1, from r¡ericbrate col J_a¡;r,¡5.

As is lnclicaLecl in Ta.bl e 3, the total cai.bohydrate

colrLent coÌìrp:"iscs about 7ii of ti-le dry l,¡eiqht of the glom-

erular baserne¡rt membrane ancì is presenL in the form of

¡¡1ucose, ¡¡alactose, rnaìlnose) fucose, glucosamine, p:elacto-

s¡mine- ¡nrl lI-qnafr¡'lrrorrr.rmi¡1 ,g aCid. The OCCUf1"enCe Of

glucose is of particul-ar inporLance since this sugar is
not a commorì cornponent of ,glycoproteins and so far has

been detecl-ed onl¡¡ in co11a¡1en ancl basernent mernbranes (f1)

Tl:e occu.rrellce of ht'Croxvl-)'sine-linked ca::boh5rdr"¿¡e also

appears to lte a characteristic structur"al feature of botLl

basenent nenbrane and collagen since a dj sacchar"ide con-

t¡:inino' olilcose and rrnl ¡:ciOSe linltcCl tO lrvdroxvl vs'ine l-laS¿)çrgv ¡¡!) st vilJ r,,Y urr:u

been found in both these substances" The hydrox¡rlysine-

linked carboh¡/drate of basement mernbraire, ho\r'cver, differs
from that of collagen since, in addition bo the presence

of glycosyl¡¡alactosyl disaccharide units, a subsbantial
nnnnnrtin. n'f'tlra na¡Ì¡nlrrr¡l-ate of the collaoen molor..UIevr vr¡ç vgr vvrrLyvr ov9 vI v¡tg vvItG(y)u¡t rltvluvu

occurs in the form of sin¡5le galactose residues linkecl

t o hr¡dl"nxr¡I r¡s:,ine .

The absence of hexuronic acids ancì sulphate

esters in the glomerular basc'nelrt melll¡rane indicates therc-

are no mucopoJ-ysecchal'ides pr.esent ( tI, J-2) ,
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Inr¡r:stir'1a.tion of ti¡c; fil"vcopent icles i'csì.tl-tina

fr'oln the co¡lb,i-necl colla.¡';en¿ìse-pr-'orra:je oigestic¡l of huilatr

( f Z ¡ anri bor¡ine ( 13 ) gloinerul ar baseinenl, inenibr"anc has

inCicatecì tìraf the carl-.oh-r¡cl¡-ate is distr'-'Lbuted ilr two

rli st ìnnt' l'.r¡noS Of UnitS.v.y Lr u

One of these units is a heteropol¡¡saccharide

accountinl for 4¡-50 pcrcent of the carbohydrate in the

mer¡brene. ft has a mol-eculal" r,reiglit of 3200 arrd, in j.ts

coniolcted fo::'n, is composeC of ll ga-LacLose, 3 mennose)

! li-acct¡¡1¡ili.tcosa-rrirrc, 3 siaI.i c acid, ancl I f ucose res j-Cue s

I'io glucose is nresent (L2, f 3 ) . The heteropol¡rsa.ccÌ;ar-Lile

unit is be,l i,evecl to be a brancliecì structu-re in r+hich

oliqosaccl-laricìe chains consistinE of tÌre sequence sjalic

acicl (or fucose) ---------) qalactose ---------à
N-¿rccLylglucosanrine arc liirl,,ed to an inner core consisting

of mannose and l,i-acet¡rlqlucosarnj ne resiclues ( 7 ) . In thls

t;,pr: of u.nj L, carbon I of tlie rnost internal glucosamine

is atl,ached to asparagine in the pepbide chain. The

ìraJ-or¡rr¡'lrr<:.^Cilafide UniL Of the baSeinent inefnbfane iS

velry sim-Ll-ar", boih jn coiilDosition and molecul-ar vreighi,

to thr-. carbofr;;cilat.e uirits of cerLaj-n otlier glycoproieins

sucil as fetuilr, tì-iyrcglo'oulin, and orosomucoici and, lil<e

thcsc,î1)rconrctcÌlrs, e:.:ìril>iLs nicrohetcrcnerreity v¿itÌl the

oligosacch¿llide cl-la-i.ns e>listirrri in various sbages



o f cf l,jr)-.i cl; l l;ir ( f .j ) .

Tiit: of lrc-.r' c¿¡rl-,c,ìtVd.t'r,:,Lr: urrj.t j s a clisacch¡lr'j-cjr:

cont¡rj,ii:l,nr,, q1.rìcor;r'. ílÌìc.l qal ¿tc';<lse .l iliìrcC ';o the lryclrox;yÌ

Íjroup of ii;,i dro>:1'l¡,':;-Lnc. DeLai-lecl inl'csLi,qai.ion has .i l-l-

dicatecj it ic l¡â.r¡c tì-ie strì.ìc'cure illustratcci il-t Fi¡';Lr;"e 1.

Gl-ucosc is llnl<ecl by an,:..:¿(.-.ll]¡cCSidic boucl bo carbon 2

of q¿ilacLose, the gaJ-ato;e bcing linlled b:¡ a p-if 1)¡cosiclic

bolrci to 1,iie hytlrox¡rI qrc.iup of hydr"oxr'l)¡sine in thc pepti de

chain (fl¡. This disaccharide unit accounts for the

reniai.ning 50-55 percent of the carbohvdrate of tire normal

basenlent mer¡brane (fe¡. Since the carl¡ohr¡dr"aLe i s approx-

imatcl-¡' e\¡enl),, divided by r+eight bctv¡een the di saccharlile

and hetcropol-¡,'saccliaridc- un'ì bs, it has been ca.lcu-l¿ited

thaf ihere elre aÐproximaLcl5r ten Cisa.cchari de units for
every hetcr"opol¡Tsaccharide (f3).

Structure of 1,he Pept ide Component of l{ormal Gl-omei:uf ar

Basement ]4ernbrane

Fi¡4ure 2 itl-us'urates schematicallv the location
of the carboirydrate on the peptlde chains and the reration-
ship of these chains to eacl-l other on a secLion of elom-

erular basement membrane. The peptide chains are randornl¡'
'l rrrn'orl ^17ÕÞ eacl-t otlrer v,'itil the disacch¿rride anci hetero-uGvrr vv¡tur itIUrt vllç u¿Lì(luçl

polysacciraricie uniis bcinq attacjrcd to it¡'d::oxylysine and

as¡raratline residues respectively. The entire sbructure

is helc toqether l-ry coval-ent disr-¡Ìphicre bonds as r,r'el-l as

anothe:: t,¡rpe of bonci. of undetermlneci natu.re (T) 
"
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l-i -lo:;r¡n1;hr,:si:; ol tire I'iol'l-rl¡r-r Iia:;t:nr¡l-li, It/iclntrr¿rtre

The assentbìy of'sucl-t a coìl-iDlicafi:cl st,rucLltre

as Lhe b¿r:;etrri:rl'¿ llr':illlrenc recJ tlires man.v sLep¡; for its

cornpleL.ion" Includeri are the qenetical-J-¡r codeC syn-

thesis of t)re peptide ci:ain, the subseouetrt h)'cll"cxl¡lation

of proline ancì lysine, Lhe enzyme-dcterninecl attacl-irnenL

of monosacchar"-lde residues to form both tt¡nes of carbo-

hr¡r'ìr,¡tr' uni1- ancl bhe establishnent of cross-l-inl<s toq¡ ¡ -L v t

f orm the lnsol ublc end pr:oduct. The r¡arious stages

involvecl in the assernbly of the basement membrane are

schematicall5r depicted in Figure 3. The syntltes j-s of

f.Ì¡p rrr-nl:ida 1-.:l<r.'sr nlece nl"ior to the aLtachment of theÐ ¡J Lsv

carbol-r;vclra.te by 1,he v;ell esl,airlished mechalrisns of proteirr

syn1,l-ieris int'olving ribosomcs , solu.ble RNA, mes sengcr RIJA,

cofactors, and sol-u.bIe enz¡r¡'1çs. Thl s is fol-l-owed by the

hvdro;:r'l ¡se morì'ï etr-rl hr¡dr.or.'''r ^+'ì ^* ^r¡ -'"nl i no and I vsinC.¡rJu! v/!L\ a(¿¡-v rr¡tUJd.UçU rlJUr U./!J-Ld.Ur\JIr UI lJlv¿IIru q¡¡u rJÐ

The sbepviise attachrnenl, of sugar resiclues bhen occurs

tlrr-oncrh thr. ¡nt'ìnn of snênifir: ølvr:osvltransferases tvhichvl/v v õ-,/ "

mediate Lhe transfer of one sugar at a time from ibs

nucl-eotide forn to its approprÍate l-ocation on the base-

ment membrane precursor (7).

TLle assernbl-r¡ of the disacchari.de unit of i.he

basenen'b nerlbrane is mediated by a galactosyll,ransferase

and a qlucos¡rf transfcrasc. These cnzynles are highl¡r

spccific ancl their Ier¡el of activiL¡, is believed bo reflect

the rafc of basement rnemb::'ane s)'nLlresis (15-l-T). Tire



íirs;i,o|rbl-r,¡ cî Lhi: clir,;acclt.:Li'_iiic: r_t¡ll-f is 1llusi;r¿tLccl i¡t

]t'i¡1ule 11 . '|ile r¡a-Lir-ciol;;y.1,'¿r':,i¡'i 0iel-¿;-l-;¡.: tran:;f c;::s f¡,,r,'ì ::ctc,.r,c

f-r'oi,r UDP-,qaiaci.or;.: to iì,c ir¡,,rì'i,or:;;rÌ rÌr,oup of l-i-',¡d::c;x)¡-

f)tsinc of the n¿iscenl; b¿rscrnent ntelirbraiìc Lo forn ihe

,Tl),concpLi.Ce bcncÌ (fS¡. TÌ'rc tlu.colì)'ftransfer'¿¡se then

transfers ¡¡Iu.cose 1,o bhe li¡,rcìye;¡'rf ),sine-linlied galacl,ose

resiclue. \{hi}e UDP-glucose is the mosb active nuclec-

f ldc for" this reacl;ion, CDP- and TDP-,qlucose cei-ì aiso

serve as the glycosyJ- clonor (f 5,18 ) .

The synthesis of the heteropol-\¡sa^chariciu- unit
of tlrc basemcnL nembrane probabl¡r pt-oceeds throulih tìre
action of several- B1)rcosyl'r,ransfet"asc's (18). S1,uclies olt

thyt:orlobul-irr have indicated that the hetet ol¡ol),'sacci:a.i:ioe

unit of thls ,ql yccprotein is assembl-ed after completion

of the pept-Lde chain by Lhe sequ.eirtial enz¡'naiic attach-
nent of nionosaccharide u.nits to the gror';irrl carbohvdrate

chairr ( 19 ) . The sequellce of event s inr¡ol-ved in the syn-

tl-resis of the heteropol¡lsaccharicle unit of the basenent

membrane has noL as )¡et been determined, but is probabt;'

sirnil-ar to that of thyroglobulin.

STRUCTU}ìE A}'ID Ì\1IìTABOLISÌ..{ OF' BA,SEI/T]]}'JT T'{Ei,'itsRA]'JES IIi DIA]]F]TES

}.{ELLITUS

Chronic diabetes is characLerized bv a qeneral-

hypcri;ronhy of basement rnembranes. rt is bhis Ðrocess

v¡hich conLributes l-argel¡' to blindness, uremi a, ancl the



cVCnt',"iit.l" dr:l:i i. l;c of" tltc' rl ì¿1.ìrr:t. i.c n¡rL,i i:nÍ,. i.liociiLìtli.útr.]

s;Ltrci.icrl-; of 1;)tl:; f)rocc:is l-i:'i¡c¡ l¡c--i:lt .l-jlr:ìi,i:ri fo ii;c r.en¿ii

glotiicruiur;. Thi: ÍIl-orì1eL'ul.r.r" ì:a.seincl-it jìlu.ÌnìJt"eltc iti cj ¿ibeies;

uncie¡'¡,.oos ln¿,rrìtecr thiclieirinq ¿lntl beconic,.; clcfccL.Lve ir-t 1ts

furlcrtion as ¿ì selcctivc: fiitr¿it-;ori ì:¿irri.cr. 1!s a i"esL.rli,

patì cnt:; y¡it,h cli ¿¡.ì¡e u j,c nepiroitat;ì-r¡r f ose inc:."easi-ng

quant it j.es of protein ín tl-:e u.rine. Th-'rs suqeest s Ll-t¿.t

dialletes -Leails not orll-.V bo an incr-easecl anount of ba-senent

me¡;lbr"ane na1,r:::i¿,rI but a'l so Lo al teraiions in iis struc-

'cure (12).

Connosi 1,ion of il¡c Di¿¡.beti-c Gloire ::ular Bas-rei:ierii i,!enbr,¿rne

Cheniical anali/sis of lrun¡a.n di al;ctic glr-r:'ne:"uli

Ìras, j n fact, irrd.icai,ecl not ouly an increased, a;rouriL of

baserncnt nernblrane material-. bub al.so a clistinciive altcr"a,-

tion in its composition (r2). The results are suminarizeo

in Table 4 . The cilabet ic basement me mbrane l,ras f ouncl to

have e composi.tion similar to normal except for an in-
creased amount of hydroxylysine and a corresponding ele-
vation in the nunber of h¡¡droxytysine-attached ßluco-
syl¡ialacLose urriLs, the percentaqe of the hyCroxyf)'sine

residues subsbituted v,¡ith the dis¿rcchar"ide reilaininn the

same in bhe norrnal- ancl the dial¡etic menbr.ane. The in-
creased )rvdro;lvl )¡sirle contcnL h'as acconrpanied by a pro-

portio¡ral- clecrease in l-)¡sine content " Thi:; inoicaLes that
an abnormal- nu.mber cf f )rsine residues alre hydrox¡llateo,

but thaL the unCei"l-)¡iltS structure of the peptide chains
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1s probably not changed. Comparlson of the other

amino aclds of normal and dlabetic glomerular basemenb

membrane showed no slgnlflcant dlfferences except for
a sl1ght lncrease 1n the glyclne and hydroxyprollne

content of the diabetic membranes "

The amount of glucose, which occurs uniquely

ln the hydroxylysine-11nked dlsaccharlde unlt, r¡¡as

slgniflcantly elevated 1n the dlabetlc membrane" However,

the amounts of mannose and hexosamine, whlch occur only

l-n the heteropolysaccharide unlt e were s1m1lar in the

dlabetic and normal basement membrane, lndlcating that

the asparaglne-I1nked heteropolysaccharide unj-t does not

change in the diabetlc membrane. The ratfo of dlsaccharlde:

heteropolysaccharj-de unlts lncreased from I1.3:l ln the

normal basement membrane to 14.6:1 1n the diabetlc basement

membrane (12).

The diabetlc glomerular basement membrane,

although thlckened, paradoxically exhiblts i-ncreased

poroslty. It 1s lnteresting to speculate whether it is
the extra disaccharide units which alter the porosity

by affectlng cross-linklng orlglnatlng from lysine or

hydroxylyslne, or by sterically interferrlng with the

layerlng of the peptide chalns.
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As; \,,ras pi'cv,i-ousÌ¡,' i-l-Iuti;r'ated, af tcr tllc' ,qclte-

tica.ll¡' cocìccÌ s¡'rrLhc:,;is of tilc nenticle chain is cornple'uecì,

tirr"re ¿Ìr'e e scr-i c:; of noilcoCe cl stc':ns not di lectl',¡ uncì.er

qcnctic control" Tlicse âl"c Ll'ir hl'dr-o1¡-i:1,^L''6n of f)tsitre

aricì pi"oli-nc, tlrc ste ¡''1¡i5,' a.ti-¿tchinent of sìl,qa"r res j cìLic':l;

1;o for¡ri boLll ir\/l.rcs ojl car'ì¡oh'vcira'ce urrì-is, ancl tire fol'nl¿i-

tion of crorjs-l-:Lnl.;s beLr,¡cen t)-ie pepi-lde clr¿rins. Tirese

var" j-ous noncodccl steps are priinaril ¡r conl,rof lecì by €'nzl/rne

spec j f j c-i 1,y, suì¡ sLrate avail-abilit¡r , anci cof actor reouire-

nents. [nvironinenLal factors inf]-u.encinq anr/ of f.llese

steps coulci theL:'efore l¡e rellcc';ed in Lhe final basenent

nrcrribranc proiuct (7). Thus, iL is inportant to er¡alu-ate

bo what ex Lcn.t' the al-te rcd carbohr¿clrate rneta.bolisn of

diabetes could affect the membrane. In this rcgard, it

is necessar]¡ to aÐllreciabe the central role of r¡lucose in
tl'ro ì^r'ì ¡rcvrrtì"ro5i S Of ihe mOnOSaCChaf ide COnStitUenf S Ofv¿vrr()

ol r¡onnr"n'Í .o'ì ne

Figure 5 ill-ustrates the metabolic pâthr,ra5,g

i¡rvolved in 1,he biosynthesi s of these nonosacchariCe clerj -
vativc-s;. It should be noted that the or'lsinal- qlucose

skel.eto¡r j s modif iecl throu.gh se::ies of activating reactions

to for¡l Lhc v¿lrious sug¿ìr nuclcoLides i¡hich ultina'Lel¡r

hnn¡nrn 'ì nnnnnnr.¡l-n'ì 'ì nl-n .nl r¡r.¡nr"n'f .ni ns _ The nOnOSÍìCChaf j_def I/\/a uuvu ¿¡ruv ri:r¿LYvvrJt vv\.rfr¡J.
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corìÍ-iti'ur-li,r:;i; r; r.t!',;l ¡,'c c)prolrr.i-lr::,, t,r-ì.iii t

lil;.J-ircLosc.. J ¿1.Ì'c not ::r-\,'aj--l ..ril-Le .i.rl s j .Tn.i

tl:r: iiict. Glucoser bci.i-rg tÌtc lna.in su

t iri: di el- âÌitl 1-he solc suqar f orlrc.c'l bl,, iìrc I ii'c.¡, f or t r?,rts;-

po:", Lo other Lissr-tc (4,5), musi; be tl:e n::,inc.ipaI pre-

cur"sor ¿lva-ilaì¡1e for synLl-iesis of thc. sur;er connonc:rLs

of g.lycoLrrotr:ins by both tire l-ive¡' a.rrd peripi.ieraì- tis;su.e.

Becau.se of the cenfral role of glucose.Ln ffie

biosl¡nLhesis of the sugar co:'nponenbs ofl glyccprcreins,

it is pcr'c:Lncnt to assess the ef f ect of insuli n def iciency

on tire sl¡n1.he sis of these coniponents. A comparal;ive studr¡

of the rates of biosynbhesj-s fr"o,n gluccse of 1j-r¡er Ílycogen
ancj pi"otein-boulrcl qlucosa.mii:re in thc. all-ox¿in clierbetic ¡:af

h¿rs inclicated that insulin def icicncy ceuses no iÍrp¿i ¡¡ns¡¡

in the raie of syrl'ühesis of protein-bound øl uc.c)sârnì no,

v¡hile glycoqen syn'uhe sis is reduce C to negligibJ-e IeveIs "

The synthesis of the protein-bound gl_ucosamine of serum,

Ì<iclney, J-ung, test.es, and spleen is af so und jminished in
bhe insulin-cleficient state (20). Elevations in serurn

protein-bound sialic acid, gl_ucosamirre, fucose J and par-

ticuJ-arIy galacLose, in diabetes suq¡iest that the biosyn-

Lhetic patlrt,ta¡,s of these sußars also are nob depenierrt

upon insufin ( Zf ¡ . These fÍndings tnciicate that not alI
pafir{ays oll g}ucose utilization are under the contr.ol of

insulin anC that, in particular", bhe bios¡r¡fhc-sis of gl¡rco-

proLcj-ns bI' various celIs 1s probabty insutin-incicpenoent.

i, ,: t li C rl ir'1, :j (l )'Ì i.-: j'

f ic ¿.it'r'i, ¡ì.r-r,oi.it r'1, :; f::Oril

l¿ìr ava j.i¿iblc in
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il¿t:;ic 11 ,) ¿ìt'i utlcj cÌ';:i;itt-icl .ì-rtl1 of't.h.Ls cliflt':;'ei-rcrr:

in t; lre r:f I'ccf of insul in cicî.i crcLrc;ir on varioul; på-r.'uir';;.iirs

of gl uco:;e metabol.i-s;n -i s a. consicic¡'a1,ion of t.he f hr"ce

d:i sbilrct-i.vc pattL'lrrìs of glucose ut;il iza'uio¡t obscrvc'ci

in ;ral:r;laÌ1¿;n cells :

t. e.ß. musc-l-e. Insulin facilitates p;lucose

penetration itrto the ce.l"l but has no

effecb on 1,hc phospirorylabinq enzyme

(he>;ol<inase ) .

) ê õ 't i r¡nr" Gl rlr,oso f rceì y enLers the ceIIu.¡r¡

and j nsulirr acts b¡' inducirrg s¡iirthesis of

t.ho sncniflie 1^^--^r-**^^^ -lilr.okitr¡se rrrÌ1 ig]1vrlu Ðì/uurr ¿ç II(j^UJtIllC.>(: 9 l.';ruuvf-f¡¿aùu, lTl

-^^ì'^^ *+ ihle f.o ìlsÊ r"lucose for mei;a-.llld,t\CÞ -L t/ lJUù D¿v ru vv uu u !>)

hnl i ¿¡ ì1n-nnôrìêq ¡nrl f ni- rrl r¡r'ôr:¡èn sl-.or"¡¡'o -¿)*J "

e.g. brain, ki<ìney, 1iver. Grucose freciy

enters the ce]l- and an insulin-iudependent

hexokinase is present. Control of gJ-ucose

util-izaLíon is dependent on the level of

crl rrrrose i n the extracellular f Iuid.

The Iiver utilizes glucose by both the second

and third niechanisms since it has boLh an insulin-se¡rslLi-ve

glucokinasu. impor'tant for gl-ycogcn s.r¡nthesis and an

insul-in-inrlc.pL.rldenb hexoliirrase probabl;v involvecl in ß1y*

coproteln synthesis (7).

In the diabetic subjec'r,, the firs'" tv¡o ÞâLirv,¡a)¡s

are imneded due to insul-in-cìef ic ienc\/ ) ancl an elevat ion of

the blood glucose ]evel- resulLs; rr'hich is prirnai"il¡r Cue to

2
J.
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un(ìcru1; \) i:tt:'¡,i-ott, a.rlcÌ SCCoiiiì¡tr i..ì,.5' ciLic ic j-il c:-ríi:;t:<i ¡:;ì LrCc; -

ncOl',e ¡r:s i-r;. U¡rrjei. conCii;-ions.; sucì't a.i Lll j s, ii ir¡ 1. j-Ì.:ei¡t

that f.iie thil.cì paLl;c-'t'tt of' f:lucCSc Lltili:'.etio:i ';¡ou.1tl Ðcl

favor"cd ¡rrr.l Lh¿Lt gli-icose v¡ot-tlci be sllunLed lrom';hc't'oiiies

cìcpencici-ii on lnsulin to Lhose 1,ha'c Co noi rectiir"e this

hormonc. The rcsltl-'uant incrcase in tl'ie avaj-l.abilit',' of

acL lv¿iL cC su¡i¿ìr nttc f cot ide s coul-d lead to an i tlc¡e ased

õ,r1a{-r^^ôiô /.{" rylr¡nôôl.rìf-.pins inn-lrrrìinc¡ h".SCnClt'¿ tnenbfane,ÞJll.L,.llUù-L) trl. l')l-,'/UUlf1 Uv\;J.l¡D 9 rr:vru\¡¿1r¡:-. va

particu.larty :Lf carbofrycìrate attachnelrt is the rate-limÍtirrg
ql-on in th¿' formation of these nol-ecul-es (7). Such anu u v l./

ovc'rp:..ocìuction of basellu'nt metnbrane it-i diabetes, alonq

with 1-hc s-Lotç rate of mentb::ane ciegraclaLion (7), coul-d

accounL for the accumul-ation of excess besernc'nt llenibrane

naterial . ¡" sequ,cjncc of events su.ch as Lhj-s v¡oul-cl cj,:llectl¡'

ref at.e 'cile al-ter"cl g'l ucose ne'r,abol-i sn obscrr¡ed i n ciia-betc's

j-n tho rlo¡¡o'l onnrar"ri. nf lre sr.rng¡¡f membf'ane lesions obsef f¡edvv vJlv avl/r¡rv¡¡ v v!

in diabetic r,1j-croanglopathy. Sltch art hypothesis is

attractirre, but at present is snecul-ative, because the

ratc.-controllinq facto::s in basement membrarie synLhesi s

are unltnor','tr.

Neverlhcless, there is recent direct evlcience

thaL the metaboli sm of basenenL :-nembrane is inf luenced

1lr some \';a\¡ bi' insulin cleficictrc¡r. Tlle ]evels of activit¡t

of tlre various ent¿)irnes ltrr¡oIr¡ed in base¡nent menbrane s)tn-

tilesis ar"e bclj.evecl to reflect tLle overa]1 ra1,e of syn-

tiresis of the tneinbrAne ( 15, I6 , ]7 ) . /rctivitr¡ of the

clucosr¡ltnnsllcr¿ise of rat liidner¡ !'Iiìs recently tneasured

1n afl-ox¿:.n-diaÌ:etic rats ancl ,,víts found Lo be s-i1ni-fican'-Ì¡'



l3

\¡i{ù\¡

It shoulcl be rncnbionc.d thaL solne ilrvesl- iqators

cont¡.'rlu Lhaf tire nicroan,3iopi:tlrv of cliabetes Coc¡ lrcl:

re-'sul-t di¡'6gfìrr rl7a'ìn,aìr.onfry frorn insu.r-i n lacll , bu.'c rai;ìier
j-s a sep[1raLe genetica]1¡'-clc';crlljned conponcnt oî tlic-

cliseaso. Tiris viei.,, is basc-:,i mainf v upon an anoarent

la.ck of'corrcla-1.ion be'cl,;een the severit¡r anci conLrol ofl

arrg-Lopatli',i alrd of tlie metabolic aspecLs of diabetes, and

upon the finding by electron microscopy of basenenb Ìneìt'i-

brane ablrcr"nal itic's in geneticalty preiisposed inciir¡iCuals

before the nleLabolic clisorder is detectable by conventional

means (23). These observations are disputecl (7), and Lhe

subject is one of greab controversy åt the prescuL Lime.

In my opinion, the occurrence of typical_ diabet-ic micr.o-

au,qioirath;u in expcrimentally induced, non-4enetic cliabc.+,cs

in ani.mals, anci in patients t,;ith seconciar¡u diabe'r,es clue

to chronic pancrc;atiiis cr heinochronatosi-s (lrZ), is stron¡
eviclence that the anglopath.ir is in some r.,ja\r an acquired

<lisorclcr'<iepcnien+; upon the rnetal¡olic disturbances oî the

disease.
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SERUM GLYCOPROTEINS IN HEALT}i AND DÏABETES MELLÏTUS

Study of the clrculatlng glycoprotelns 1n health

and 1n dlabetes 1s not only of prlmary lnterest, but may

also be relevant to an understanding of the alterations

ln the amount and composltlon of basement membrane which

occur ln dlabetic mlcroanglopathy"

ït has been seen that basement membrane ls a

glycoproteln structure resembllng the coÌlagens. The

structure of the carbohydrate subunj-ts has been ascertained,

and the alteratlon ln thls structure which occurs 1n

diabetes has probably been ldentified. However, lt ls

clear from the precedlng dlscusslon that the cause of this

change in structure, and the means that mlght be used to

prevent 1t, are unknown. It could result from the general

abnormallties of substrate control 1n dlabetes; it could

be a direct effect of lnsulin at some metabolic control
polnt in the basement membrane itself; 1t could be a result

of an abnormality of some other hormone, such as somato-

tropln; 1t could reflect some concomitant lnherited change

in the genetic control of basement membrane synthesis; it
could refLect alterations in genetic control by the presence

of a vlrus; or it could be due to none of these things

but to some as yet unimagined factor. Even in animals

the study of the cause of the structural changes may be

dlfflcult because of the slow synthesis rate and prolonged

furnover time of basement rnembrane. In man, because of

these properties, together lvith the inaccessibllity of the
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lnvolved organs, the study of basement membrane kinetics
1n rel-at1on to dlabetlc mlcroanglopathy may prove to be

lmpossible.

It 1s for these reasons that changes in cir-
cul-atlng glycoprotelns in diabetes may be relevant to the

problem of microangiopathy. The serum glycoproteins are

readily accessi-bIe, and they have relatlvely short turn-

over times. Although thelr metabollsm may not directly
refl-ect the metabollc sequence of events occurrlng in
the basement membrane, Ít may serve as a model to provtde

some general lnslght lnto control factors 1n health and

the influence of diabetes upon them. Incidentally, the

serum glycoprotei-ns are al-so of primary interest in that

they represent a very large, and as yet unstudied,

carbohydrate pool

Prevlous studles have lmpllcated a relationship
between serum glycoprotein leve1s and dÍabetes me111tus.

Thls rel-ationship, however, is obscure and controverslal.
Considerabl-e data in the llterature indlcate the l-eve1

of protein-bound carbohy.drate to be elevated 1n all dlabetic
indlvidual-s (24-31). However, other data relate the res-
ponse only to dlabetes wlth vascular cornpllcatÍons (32-34).

These findings are further obscured by the fact that the

level of proteln-bound carbohydrate has been found bo be

markedly lncreased ln a wide varlety of pathologlcal con-

ditions lncludlng neoplasla (3I, 33-32), myocardial in-
farctlon ( 33, 34 ) , tuberculosls (2 ,t1,5, 36 ) , rheumatoid

arthrltls (2r415r36), pneumonla (2,5), renal_ disease (2,3I),



lupus erythemaLosus (2), rheumatic fever (2), fractures (2),

gout (2), scurvy (2) and pregnancy (2). As we11, there

ls a gradual lncrease 1n serum glycoproteln levels wlth

age (2,38)" It may be noted that there are many elrculating
glycoproteins, that they have usually been studied in
groups, that methods for separatlng them have been lmprecise,

and that, for most of them, nothing ls known of thelr
functlon in health nor of the slgnlflcance.of changes 1n

disease 
"

My experlmental study has been concerned wlth an

assessment of two aspects of the metabollsm of a represen-

tatfve serum glycoprotein. Orosomucoid has been chosen

for thls purpose. A rnethod has been developed for the

specific isolation and measurement of stable and of radio-
ae'r,1ve1y-label1ed serum orosomucold. This Lsol_ation has

allowed the hexose content of the molecule to be measured.

A study of serun orosomucoid levels and hexose content

ln health and 1n diabetes wlL} be presented first. This

will be followed by presentatlon of a problng stud.y

deslgned to illustrate a technlque for the quantitative
measurement of the rate of incorporatlon of clrculatj_nE

glucose lnto serum orosomucold"

CHARACTERISTICS OF SERI.IM OROSOMUCOID

One of the most widely investlgated and best

known of the serum glycoprotelns is the -< 1-acld glyco-
proteÍn or orosomucoid (3). The former name refers to
the acldic nature of the substance (due to the termlnal
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s'l al,i-c ac.i.tl rct;i.cìu':l; ;rnii Lili: it.iilÌl coir';clt,; o[' A;;pil].t.-'Lc

anii ¡,,1uí;i,:n1_c acicÌs 3,3'1) ¿rnri 'uo l;l-rc fact 1-i,a.c .i,c i-s

foiu-rci in 1.hc,-,...1 clecLr"onhol"c.t;.ic banci ; t.hc. )-ã-vtcT riarilcì

i"efcrs to its source ¿ilrri natur"e ("oros" be'ìnii the

Grcr:k t,lord for'"se,-:uÌn", "nucoid' imnl-r¡jnp the Ðt"c¿sence

of covâ.lently-linl<ed carÌ¡oh)¡dr.a-te, 2). OIoer clescrintii¡e
terns foi. orosoiilucoi.l such as ,,{ -I-glvcoprotein (Z) ,

srnall acid B1)'copro.beirr (2), for^¡ molecul_ar vreiqht ql:vco-

proiein (39),- 11-seronucolcl (39),,:':r.r-ofosonucoicj (39),

14-.1- ( 5 ) , ancl 1'1P-] (Z ,39) have now been disca.rCecl.

Lil<e obher" fll)¡coprci;eins r ollosonucoicl qives

ty¡:-ical col-or reacii_ons for Þro-r,e:Ln ani for carbo-
h)¡drai,e, and contains a pe¡ltide skeleton r,¡ith a nuniì:e r
of pof J'saccharide sicle branches abtachec'i (3 ) . st¡'u.cturar
stuclies indicate the prescrnce of a single pot.vpenLicìe

chain of approximatelv 210 amino aci<ls ( 4o ) formin,q the

core of the mo1ecu1e, lnrith 5-B polr¡saccharide units
(1,3,40,41), each conLainin¡¡ 8-rr monosaccharide residues
(1,41), covalentl¡r l-inkecj to the cor:e by a f3-alVcos j.Cic

bonci betr,¡een ll-acet¡rletucosamine of the polysaccharide

ancl the R-carboxamide nitr.ogen of asnaragÍne in the pep-

ticie chain (41). The amino acid (42-ti5¡ alrcl carboh)¡cl::ate

(3,5,37, 43-46) content have been el_ucÍclated by vai.ious
r.,¡orl<cr"s and are Ðrese:nLcd in Tables 5 and 6 resl-rectivcly.
The mo-l-ecular r.ieigl.t has been estimabecl to be fron 4l r 0oo

to 44,100 (3,37,t+3-46).



oirLico-i.il iI t;l:c lnoIi

i ¡o l ¿t b cd ,.io l'¿:l'' Í'::<¡rn

llOi: c:1 the i:lol-crcul.i:

6Cï', ttf tÌte nofcr:ufer

fr'c;;n 5-10", oi tìii:

and rangc f rolrr

?-5 t:,p:/I00 irl .

r¡-Lt i-on at f ron

c ¡: r'i¡ t,. I :',¡..i i- {:,'',, e --:", -i c it

irr,ìn¡li s(:lt,ì-Ìili (?,,\, /t|, lt'¡ ),

b tr i- nl¡ c¿.r.i'L,.rtll,,;il ¡'¿,r-'¿ e âì-rii

bcinr¡ nr'ctÊ:l-ri, anci

'uof a1 ¡-liro';r:'i ¡-5ounii

as ]ow âs 20-):tA y:i'i,/ICC nl]

l','iosL stucìics, l-lo',i¡e\¡eLt ¡

70-75 nq/Loa nl.

Lhe ser'u.lr (?,3 r5,28) . l:lsi;inates of i;hc

orosoinucoit-1 in noi:lna-L Ilu¡nan s€r/.u.m

Si;ucìies on orosol-rlllcoirl l-liì\'e acìcj.c:r,i t-.ci aì-i'Ì l.i:tcli:.r,-

;;tLLi'riì,i r:.1; oi iio',i tirc proscnce oi carl;ol:ycìr'ate iÌrel\¡,::ci-ili-.i,-

ìritir: Lc; 1;itr: ¡rol¡rirro.r-,r,:h j_sn soelr i rr rraili/ pl_asi:tir. pr:otcing.

Five Lo nine i:olymor"ph-ì c f or¡ns of this proiei n ar€r SL.erì

upoll starch-gcÌ clectrophoi:esis havì ng icle¡iLrcal airi j_no

acid arrc carboì-rydrate conlposiiions. Reriloval of the sialic
acid, horrever, reduces the numì:er of 1,hese f ornis to tito,
su¡ggestirrg that Lhe rnul-tiple forms obserr¡ecl in Lhe native
prol,ein al"e due to the sialic acicì res-i<lues. sincc the

pol-ynorphisln of the native proiein is observecl on1¡r a1,

acicl pli values, in the t.Ltration r¿ì.np;e of the s.lalic ac.ii,
j-t has been plrollo:;eo tilat the nnulLipre forns ar:e cj-ue to

1"he posit j,or,a1 isomcrisn in the aLtacl-ulent of sial ic ac id
to galac'cose, v,rfricìr coulc give rise Lo dif f e.re nL pj{ varues

for i-,he carboxyÌ ßroups of this su,qalr (],6).
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lì¡i-Ì_ict j.$r:rLc¡ i_i.: :;1,r.tr'i j.i..,:l ìì:.rvr; ilt,j-l c¿t'i;ccì t; Ìr¿ri; t. lll;

-i ¡;cl,¿.:.Lr:r-Ì r¿.*; i j vrr:" iÍ,; c¿ì.pajll .Ì r: c;f i, lrr:oitl'to;:,itirili Clli-ill.ucrosc.

into tirc íìa.1 ¿Ìctc¡c r rl-t ¿ìilrr or,ìc, a.lril i.l.ucol;¿i;-n:ine of ot'-,cì:iciiìucoi-cì,
¡ lr

allcl C'''-leLlcinc .ini;o iLs rirofcj-n coijlpoll.lj-lrs (5ll), ¡ri:oviiìjr.r¡¡

circcl; er¿iceilccj tha-L the livcr is a sitc ofl syrrtiresis ofl

ì;o1;ll Lire carboh¡drai,e ani pr:otcin nro-ietie-q r¡f or.osoÍ^rLlcoid.

'i',rhetircl or lioi. circulatin¡1 flf ucose allc ¿ilnirro ac icÌs are

thc pr"1l-:cipal precursors in vir¡o ìras not becn dcternL:inecl.

Tìrc Dossibì-1ity of o'cìrer sites of s;¡¡nthesÍs ¿rlso has not
r lrbeen inr¡es'cigat,ed. An in vivo stucl¡¡ ernplo)ring C''t-

qlltcosan,ine as 1-Lre rad:loacfir¡e nl'ecu.rsor h¿ls shoi,,'r-ì that

this sugar c¿rn a-]so be incor"poratecì directl¡,'by tire

Iivc.r i¡ii;o tjre car"itcli¡rciraie conponeni, of orosomu.co_ic1 (55):

ej-ght;r perceni of the recovereC protejn*bou,ni raclio-
actii¡itJ,' rJas' Ìlre sent es glucos¿,r"mine , wfriJ-e the renaininr¡

tlr'erity percenL of Lhe label i.¡as rnainl-y in ilre siatlc acids,
and none appeared in hexose or anino acid. I.t is nob

l-iÌ<ely, hov,'evelî, t,hat extrahepaiic gJ_ucosamine is a sig-
nificant precursor in vivo.

0n1y one stud¡r of the turnover rate of plas,'na

orosomucoid in mair has bcen r{-i_onrn.t_arì (jT)" It showecl
I ?lf-J'-orosonucoicl to have an average half-]ife of 5 to 6

da¡r 5 .

Onì-y onc. comparatirre studSr of serurn orosorrucoicì

ler¡els in healLh and ín diabetes has been coniiuctecl (zÐ 
"

This str-lcl¡r, using arì immunocìif f us j o¡l technioue f or
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oI'OsiOliìLlcü-iLÌ c: f.'ù ì.1ìlíìL.i ol-i, lt¡:.: si'ir:,i,,;-, LÌit' ijol'Litr o:t:'tsoläucciiij

l-er¡c,1. Lo'¡i: sl-:i¡l.rti;rr il'rcrcasr'ci :lr: cli ¡lire'r,r.:[;.

Thc bio-l oilica-t iu.nc'; Lon oi or,osom'uco j-d rcna,ins

u¡ri.:¡rcv¡¡-t (37,i|7,55). RecenL stuclies har¡e shor,",ti tÌrat oi?o-

souìucoici is capaìrle oJl bincìilrg the ste:.'oicis cor"ticos'ucrorÌcr

tcstos;1,erone, ancl pi"ogcsLcrone (42,56), .rrlbhor;¡;l-l f.Ìie

assioc-i ¿¡.1,ion coìrsL¿ntL oî ihc r)ì"oef es1;cror.le-orosonr.tcoid corn-

plex is gr"eal,cr tilan thai of the progesberoire-al-'ouriiin

colul)1ex, onl¡¡ ¿l ln j-l-ior po.f t i oll of circl"rl-a1, i rtr¡ ni.osesl,crone

is l¡ouncl to orosomurcciC because of the lor,¡ col"ìcent::atiotr

of this; sclrutil pjl-ycoprotein (42). In this rcgat"d, it is
'ìn{-nr''--rr1-'inæ ''-) note that serum orosonucoi_ci 1cr.\¡els ilatr'er uuurrrj-.\ vv ¿lvu(- vllciu ù\

been obserr¡ed'co be decreascC in nrer--iran'L vJorne]1 aticì i{oinen

ol'i oral contracepiirrcs ( 57 ) " Ti-:e physiologica"J_ sigr-ri-

ficaircc of ihese observations has not been detertninerl"



EXPERII4ENTAL:

SECTÏON 1: SERUM OROSOI'4UCOTD LEVEL AND HEXOSE

CONTENT IN HEALTH AND DTABETES

SUBJECTS:

The characterlstics of all subJects are shown

1n Tab]e B.

The heaLthy subJects were medlcai students and

hospltal staff from the l^llnnlpeg General Hospital. None

had a prevlous hÍstory of any metabollc disorder or a

close family history of diabetes me1l1tus "

The diabetic subjects were from the diabetes

clinic at the l¡linnipeg General Hospital. All had insul-in-
treated dj-abetes of the juveni-Ie-onset type. None had

a history of any metabollc disorder other than diabetes

mellitus.

All subJects vrere male. No subject had any

evidence of recent infectton as determined by history,
physical examination and serum nroteln electrophoresÍs.

EXPERII'IENTAL PROCEDURE :

The subjects conLinued their usual

aciivlti-es, and the diabetic subj ects their
ment. They vJere fasteci overnight and had a

sample obtained between 0800 and 1000 hours

morning. The blood sample from the diabetlc

diet and

usual treat-

J U m-L DJ_ood

the next

qrrh{ontc
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I'r-r l' t.: i l.ltr-,t i',.i c i' ì vt:rj

ict': rilri;t::'n.i

r¡ i" c l-l oitii.l c o i.ii

. iìÌ1 ci n I ¿l ¡li¿;.

A tvlo-hour i i ilie'cl urinc sa.rnplr: ',+as ol,.tainecÌ f L:orn

the Ci¿lbetic subj ccts thc sanlc morni-nl; for dcte:i:minat:Lon

of af'or-irn.in content and cl:eaiinine cleararìc-â" The pre-

scncc or nbscl)c.i of ret Lncpaihy and peripheral ne u.ropa';)-iy,

a.s t,¡cll as 'uhc. sLai,us of the rrenir¡h,.r.âl veSsels (oors¿Lfis

pr:dis, postr';::ior t j l¡ial ) , i,Jas cle'uerr,rinecl b:¡ physical ex-

a¡ni¡l¿ri,.l-oii of 'che d_iabe1,ic su.bjects at the time of the

s; L u.dr¡ .

AI'trAL]iTICAL IT1ETHODS :

t. Seruin Orosomucoi d :

l{one of the methods described in Lhe 1i.t,el:ature

for orosomucoi cl isolation ivere su.itable f or my purposes.

Tìrese r¡r:thods invol-ve large-sca.le fractioltal_ precipitation
larqe-sca I e i on-exchanqe chromatoøi-¡nhr¡ or Sriall-scale

lnlnunodif fusion iechniques. Too much bloocl hras recuired

f o:: Lhe lar,o;c-scal-e technioues. Although a technioue

ernploy.Lnq quantit,at;ive i¡nnunocliffusiorl rnight, havc solved

this problein, one conmerciil)-1.,,r avaitable anti-orosorilucoiC

serurìl (-scirr+a.rz /i4a.nn) prove cì '¿o be ver\¡ rìon-sDcciîic, and

this possjbi.Iit-v'ylas not pursueci flurther. Fur"thermore,

tn)'seconcÌ series of expcr.lnenLs (to be presentecl i¡r the

1, ltr-'.i r'

l-r,:1.i, i oil

L-.., -. 1Ir_'\¡L.1

L:-.1,ql

S
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I)i;:l'i{1, r:lCcLiorl) ,.',:oL.t.l.i"¡:iì Íi';, (,].l jf ic jsc;l;:.i, ìol-l oi orotìo::r'"lcoiO

f'::r::';l ,.;cl'-i¡,i. 1- i., _'Ll¡ocl :j:,1,:r'jn'l r:i; f ci- t'¿irj.j.cli:;r-,i.cì.¡c cst-,.1_:l:-.,-¿.i.on.

-tt vi:-tsl tirercfori: ìiccessai-\,r ti-:¡'it a nc!,'ii-i ¿r'¡.iiocì loy'ol'o-

soilucoici i:;ol¡-r'1,;i-on bc clei¡clot,ccì i,ihicÌl !,rüs caÌ:¡ib-l c-. of

y,Loldjn:ì surffj-cj ent nure crosoituco-j,cl for. s.r.)c.cif,ic-

actir¡i1-l' cleLc'r:ninaL:Loü fron a srilall anourrf c¡f ì¡ioorÌ.

Thusr coris;icic¡r'atolc ';,line i,,as spent dr:veJ-onirrg n5r o!,,n

tecllnioue f or sel:urír orosiol'ltucoid isolatlon.

Pure orosomucoicl vJas isolated f::orn 5.0 m] seru.m

by nleans of an adaptai i on cf tÌ":e LlllAE cellu.f ose rrethoi

öf l'Jiritche¿rci and Sammons ( 58 ) anC oÍ' \^Itiitehe aC ( 5I ) .

Olosontucoirl is ac.l:;o::becl b¡, DEAI cel]_ulose at a conii:cll_c,cl

plÌ ancl is sel-ect.i.veI;v eir.:.tecl b¡; ch:rügi'_t-tg ionic collccriira-

tj.on ancì pii. Further pur:ification b5, hatf-satul"ab-ton

i,,¡ith ammon-Lutit sulnhaLe rernoves conbaminaLi ns' øl obul-i ns.

Desalting and corìceniration to a final rrol-u.rne of 5.0 mt

leaves a protein solution suitabl_e fo:: boLh qualltat,ive

^-J ^,,^-+ -' l-^/-i\¡ê ¡nn'l r¡qi qO.l tll tl Ltc.l.i I t/ I U (1 l, * -

\¿ì,

The compleie ineLhod is described belo'¡'

Rea,qent s :

All v.'eter used is nlass distilfed
/i \(l) Soclirrin Âcc1,at,e. r)ll 4 . 9, o. 02 i{ }.1¿r+ ( Bu.f f'er"

3.2u1 ,qrans scdiulll

clis sol-r.'erl in about

j ust ed 1,o 4 . il r,vi1,h

solution iil utecl to

before each use.

acetate (nranu,lar.) \,Jere

î ô^^I1100 nl hrârer, 1,he pll ad-

aeetic acid and the

2000 nl. nli lvas lle-checke'l
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(2) Socilum Acetate, pl{ 4.3, 0.05 iu l.la+ (Buflfer B):

8.203 grarns sodlum aceLate (fìranular) I^rere dis-

solved in about 1BOO mt vrater, the pll adj usted

to 4.3 lvith acetic acid and the solution di-

l-uted to 2000 ml. pH was recheclced bef ore each

ìt qê

(3) Sodium Acetate, pH ¿.1 .0, 0.1t{ Na+ (Buffer C):

16.106 grams sodium acetate (anhydrous) i,Iere

dissolved in about 1B0O mt water, the pH ad-

justed to 4. O with acet-ic acid, and the solution

diluted to 2000 ml. pH vras re-checked before

(4 )

each use.

0.1 Pi Sodium Acetate in 0.5 [1 Sodium Ch]oride,

pll 4.0 (Buf fer D):

16.406 grams sodium acetate (anhydrous) and

5B - l{ ç'r.ãms soclium ch}oride r¿,rere dissolved in¿)4 e¡:rv

about tB00 ml v¡ater, the plI adjusted to 4. O

lvith acetic acid, and the solution diluted to

2000 rnl. pH r^ras re-checl.:ed before each use.

I 14 Acet ic Acid :\),
^ô2U.5 n] qlacial aceLic acid ,.,¡ere diluted to

50C nI v,¡ith vrater.

( 6 ) Saturated Anmoniuin Sulnhaie:

37, qraìns anrnonium sulphate were dissolved in

500 mI water b]' heating to about JtOoC. The

soÌutÌon r^ras cooled to room temperature and

filtered Lhroueh a double thicl<ness of
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Whatrnan blo. I

was stored at

Col-umn Preoaratlon:

c--::

fl1ter paper. The solution

4oC 1n a polyethylene bottle.

(b)

Whatman mlcrogranular DE 32 anlon-exchange

celluIose (Reeve Angel Co., New Jersey) r¡ras used for

all column chromatographlc procedures and was pre-

pared accordlng to the manufact¿urerts reconmendatlon.

A clean 20 ml Multlflt glass syri-nge was

slllconlzed by coatlng the lnside of the barrel- thor-

oughly wlth Dricote (Flsher Scientiflc Co.)" A 1"95

em (dia, ) nylon support screen and support net (Pharmacia

Fine Chemicals) vlere placed perfectly fJ-at1y across the

lnside base of the syrlnge barrel and held in place

wlth a rubber rr0rr rlng (t3/t6" 0.D. ). The syringe vras

clamped vertically to a suitable stand and attached via

an 18 gauge needl-e and polyethylene tubing to a Technicon

Proportionlng Rol1er Pump (Mode1-1) havlng a manifold

prepared to pump buffer to and from the col-umn at a rate

of 0. B ml,/mln. ( O. Oq 5 mm I. D. standard tublng ) . A DEAE

celIul-ose suspension was poured into the syrlnge to give

a packed volume of 13 mI. In preparatlon for sample ap-

pllcation, the column was equllibrated by pumplng excess

Buffer A through lt until the effluent was pH 4 "9 "

(c) Separatlon and Purlflcatlon:

5.0 n1

pH adJusted to 4.

serum were dÍluted wlth

9 with I M acetlc acid.

25 mI water and

The solution
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was allowed to sLand at room temÞerature for t0 minutes

and the pH vras re-checked and adjusted tf necessary. Any

precipltate v¡as removed by centrifuging for 10 mlnutes

at 25OO rpm in a 50 mI conical centrifuge tube anci the

supernatant was transferrecl to the r;rer;ared cellulose
column. After the sample had run into the celluJ_ose,

the column was washed with 50 ml Buffer B and the effl_uent

dlscarded. A protein mixbure conbaining the orosomucoÍcl

was then eluted from the col-umn v¡ith Buffer c and coll-ected

in 2.5 ml fraetions (approximatety :-2-I! required) until
O.D. at 2BO nm (l cm light path) was less than 0.05. A

typlcal el-ution pattern is presented in Figure 6, The

col-umn could be re-used after washine v¡ith Buffer D to

remove any remaining protein followed by equilibration
with Buffer A. Fractions v¿1bh 0.D" at 280 nm Ereater

than 0.071 were pooled and an equal vol-ume of col_d sabur-

ated ammonium suì-phate was added. The sol-ution was mixed

we]l and stored at 4oc for 48 hours before filtration
through a doubre thlckness of l{hatman No. 1 filter paper.

The paper was rinsed with 5.0 mI of a l_:1 solution of
Buffer c and saturated ammonium suì-phate and the washing

was added to the fil-trate. The filtrate vras diarvzed for
48 hours to remove salts. This was folr-owed by concentra-

tlon ln vacuo at 37oC to a finaL volume of !"0 m1.
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(d) 
'

The protein in the flnal aqueous solution vlas

not nrÊcinitef.pd hr¡ 1.h¡. fnllov.rino r"ear"ents: 0.6 t'1¡¡ve l/r vv svvu v.y rt¿¿¡{) r es¿lv¡

perchlorlc acld , 5f" trichloroacetlc ac id, 0. 2 M sul-f o-

salicyllc acid, or half-saturated ammonlum sulphate. It

was preclpitated readily v¡ith 5f, phosphotungstic acid

ln 2 N HCl. Conventional electrophoresis of the isolated

protein in Beckman B-2 (barbital) buffer, pH 8.6, re-

vealed the mobllity of an o<1-globulin. The specificity

of the method of isolation was investigated by immuno-

o-lonl-nnnhnnocig and OUChterlOny agar diffuSiOn. ImmUno-

elecLrophoresls, in v¡hich antisera to normal human serum

and to orosomucold (Hoechst Pharmaceutical Co.) vlere used,

dernonstrated the presence of only one precipitin l-ine in

the u< 1-Slobulin region. Ouchterlony agar diffusion

fndicated the formation of only one precipÍt1n line against

antiserum to whole human serum"

The protein-bound hexose (gatactose and mannose)

content of the isolated orosomucold r^ras determined on

0.2 m1 of the final aqueous solution by the orcinol method

of Winzl-er (2) with a galactose standard. Methods of assay

for its other carbohydrate components were not developed

during this study.

The protein content of the lsol-ated orosomucoid

was determined on l-.0 mI of the final aqueous solution bj¡

the tyrosine method of l^iinzler (2) " Cal-culations were
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based on the assumptlon of the presence of 11 moles

f yrosi ne per nole of orosomuco j d, and a nol-ecul-ar vrci¡¡ht

of 44,100 (45).

2. Blood Glucose:

The blood qlucose leve] was determined on I drl

tvhole blood by the Technlcon N-2a autoprated ferricyanlde

met,hod.

3. Pl-asma Triglyceride:

The plasma trigtyceride level was determined

on l- ml plasma by the automated fluorometric method of

Kessl-er (59)"

4. Plasma Cholesterol:

The plasma cholesterol 1eve1 Ì^ras determined

on l- mÌ plasma by the Technicon N-24a automated color-
lmetric method.

5. Pl-asma and Urine Creatinine:

The plasma and urine creatlnine levels t^rere

defermined on l- ml each of plasma and urine by the auto-

mated Technicon N-]l-a method. The l-evels were used for
calculation of creatinlne clearance accordinq to the

foll-owing formul-a:

urine concentratÍon (ng%) X urine volume (mI) X 1.23

plasma concentratlon (mg%) X tlme (m1n) X body surface area(m2)

m1 /m1n /1 7 ?m2...¿/ .'rLtLl ¿. ¡ J¡¡¡E



^,15c

6, Serum Electrophoresls :

Panen c'l entr.nnhor"esi s of 6- 0 rtl- of Serum i^Ias

carried out on a IJeckman Model R paper el-ectrophoresls

aol'l oannnrìinr¡ to f.he manrrfagLUfef ls ¡'eCOmmendatiOn.svvv¡ sr¡¡¿; er¡u ¡¡rq¡¡qr

7 Urlne Al-bumln:

The presence or absence of urine protein
(albumin) vras determined on I mt urine by the turbidome-

tric method of Klng and l{asler^¡ood (60¡.

RESULTS:

The results of all biochemical determinations 1n

the healthy and the diabetic subJects are presented in Tabl-e B.

Serum orosomucoid levels and hexose content ln the

two groups are compared ln Figure T. The distrlbutlon of serum

orosomucoid 1evels ln the diabetlc subjects v¡as slgnificantly
lower than that In the healthy subJects (p<0.025). The serum

orosomucold hexose content, however, tended to be greater in

the diabetic subJects than ln the healthy subJects (p{0.})r

wj.th flve out of the ten diabetic subJects havlng values hlgher

than the range seen 1n health"

The presence or absence of relatlonshlps of the serum

orosomucoÍd l-eveI and hexose content to the other subject

characterlstics wlthln the healthy and diabetic groups are

summarlzed 1n Table 9, Those relatlonshlps whlch are statis-
t1calÌy slgnlflcant are ll1-ustrated 1n Figures B, 9 and 10"

The pattern of these rel-atlonships was sornewhat unexpected.
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In health, the serllm orosomucold leve1 showed a

strong negatlve correlatlon wlth the plasma triglycerlde leve1

(Flgure B), but no tendency toward a correlatlon with either

the blood glucose ]evel or the plasma choleqterol leveI. The

orosomucold hexose content d1d not correlate significantly

with any other subject characterlstic, lncÌudlng the orosomucoid

level.

In dlabetes, the serum orosomucold tevel agaln varied

lnversely wlth the plasma trlglycerlde level (Figure B). In

thls group, hovüever, 1t also showed a slgnlficant inverse

relatlonshlp wÍth both the fasting blood glucose leve] (Flgure 9)

and wlth the average quallty of long-term dlabetes control

(Flgure 10)" Furthermore, 1t showed a tendency to correl-ate

lnversely wtth theplasma cholesterol leve1 (Tab1e 9). Again,

the orôsomucoid hexose content did not correlate signlficantly

wlth elther the orosomucold 1evel or wlth any other subJ ect

characterlstlc. That lt may be lnfluenced ln at least some sub-

Jects by the quallty of long-term dlabetes control is suggested

by the distributlon of the data ln Flgure 10.

DÏSCUSSÏON:

Serum orosomucoid 1evel ln health:

The serum orosomucold leve1s ln

were comparable to those observed by most

(Table T), and ranged from 48 to 83 mgl100

the healthy subJects

prevlous workers

mI" The determlnants
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of thls lntersubJect varlablrlby, like the blorogic functlon
of orosomucold, are unknown. unexpectedly, the orosomucoid

level- showed a strong lnverse reratlonship to thab of serum

trlglycerlde, lvh11e showlng none to that of blood glucose.

rt ls dlfficul-t even to specurate about the reason for this
relatlonshlp, lil part because the determlnants of intersubJect
varlabillty 1n the serum triElvcen'irìe level_ llkewise are

unknown. rt could be that 1n those lndivlduals with hÍsher

triglyceride level-s there is diverslon of hepatic substrate

from protein to lipid synthesis; somewhat against this possl-

billty 1s the absence of a rel-atlonshlp of the orosomucoid

]evel to the semi-quantitative estlmates of the other serum

protein level-s " rt could be t]nat higher orosomueoid leve]s
ref lect, iû some i,¡âv: the lesser hepatic capacity or dispo-
sition to syntheslze the apoprotein moiety of the very-row-

densl-ty serum lipoproteln complex (6r). rt coul-d be that the

removal rates of the lipoprotein complex and. of orosomucoid

from the serum are lnversery rel-ated in some way " Tt courd

be that the levels of these two moieties are not directrv
i-nfluenced by each other at all, but rather by some more

fundamental underlying characterlstic of he¡iatic metabol-ism.

There 1s no lnformatlon at present wlth which to conslder a

cholce between these and other possÍbiritles. It does, however,

seem posslble to suggest the overall conclusion that, whatever

the functlon of serum orosomucoid, this substance is related

1n some way to the clrculating-Iip1d control system, and that
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further examlnatlon of thls relatlonship in the Ìlpoproteln

disorders 1ncludlng diabetes, ald 1n varylng nutrltlonal

states, mâV dlrect some llght upon thls problem.

Serum orosonucoid level ln diabetes:

The dlstributlon of the serum orosomucold levels in

the diabetlc subJects Ì{as lower than 1n the healthy subjects

(Figure T). Thls observatlon 1s different from that of Cleve

et al (25), who by an immunodlffuslon assay giving an unusualJ-y

high leveI for serum orosomucold 1n health (Table T), found

the l-evel- to be stlII hlgher ln diabetes; the reason for this
difference in findings ls presumably methodologic " The serum

orosomucoid leve1s further proved to be inversely related to

the fastlng blood glucose concentration, and to the average

quality of long-term blood-glucose control by treatment. ThÍs

findlng is ln contrast to the absence 1n the healthy subJects

of a relatlonship between orosomucold and glucose concentraLion.

In the diabetlc, âs 1n the healthy subjects, the orosomucoid

level related lnversely to that of trigJ-yceride" These several

observati-ons seem to suggest that the orosomucoid-glucose

relationshlp in diabetes. is not a di-rect one, but rather i_s

more probably a reflection of the higher triglyceride leveIs

whlch are present in subJects with less well-controlled dla-
betes. rnasmuch as there ls no quantitative information as

to the rerative contrlbutions of increased production and

of decreased removal to the hyperripoproteinemia present in
diabetes, these observatlons do not clarify the nature of the
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relatlonship between orosomucold and trlglycerlde levels.
Studies of orosomucold ln maturlty-onset dlabetes and 1n

coexlstlng dlabetes and primary hyperllpoproteinemia, and

of changes ln orosomucoid levels ln response to alteratlons
in varlous kinds of treatment r DâV cast some lleht upon

thls questlon.

Serum orosomucoid hexose content ln health:

The serum orosomucoid hexose content 1n heal-th was

comparable to that found in prevlous studies (Table 6). Unlike

that of the leve1 of serum orosomucold, the variabirity of its
hexose content was 1ow, and probably not outslde the range of
variability of the method. Tt showed no rerationship to the

serum orosomucoid level-. These findings imply that 1n health

there was little intersubJect heterogenei-ty of orosomucoid

structure, at least with respect to hexose.

Serum orosomucoid hexose content in diabetes:

In distlnct contrast, the lntersubject variability
of orosomucold hexose content in dlabetes was much greater,

with the values in half the subjects ranglng up to 60 percent

above the highest value in heal-th. Thls imp]-ies that there

vJas heterogeneity of orosomucoid sbructure in the diabetic
lndividuals. A number of suggestions can be made about this
fì nrì i vin .¿ ¿¡¿q¿¡¡6.

(1) rt nay explaln the observations of earlienvorkers (24-3q)

that serum glycoprotein leve1s are increased in diabetes;

the index of glycoprotein concentratlon employed in their assays

v¡as proteln-bound carbohydrate
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(2) It lndlcates that structural- abnormallties of clrculatins
glycoproteins do occur ln the dlabetic state, bhe study of

whlch therefore may further understandlng of the pathogenesis

of the structural- abnormal-ities of glycoprotelns ln basemenL

membrane.

(3) The occurrence of an abnormality 1n a clrculating glyco-

proteln selected for study more or less at random, suggests

that diabetes may be found to lnclude a general disorder of

glycoprotein synthesis, rather thah one specific for vascuLar

tissue. Such a Eeneral dlsorder would be somewhat lnconsistent

with the concept that the basement membrane abnormality re-

fl-ects a separately inherlted component of diabetes (23), and

would be more consistent with the view that it ls a result of

the chronic metabollc dlsturbance.

(4) Spiro originally proposed the hypobhesÍs that, in the

diabebic state, lncreased amounts of sugar nucleotldes may

become avallabl-e to cel-l-s lnvolved in basement membrane synthesis

due to shunting of glucose from insul-ln-dependent to lnsulin-
fndependent pathways, and that, 1f the attachment of carbo-

hydrate is rate-]1mltlng, an accelerated formation of basement

membrane could result (7)" More recently, he has shown tlnat

the activity of àt least one of the key enzymes lnvolved ln
the synthesls of the carbohydrate units of the basement membrane,

glucosyltransferase, becomes elevated ln the insulin-deficient
sbate, and that this increased activÍty can be suppressed by

insulln adminlstratlon (22) " These recent observatlons i.ndicate
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that the basement membrane alteratlons of diabetes are probably

a sequela of the hormonal deflciency of thls dlsease, but

they leave open the questlon of whether the basement membrane

]eslons are the dlrect result of hyperglycemla and substrate

shunting, as he origlnally proposed, or whether they are due

to sone other, less apparent, actlon of lnsul_ln on basement

membrane metabollsm. The present demonstration of an abnor-

ma1lty 1n carbohydrate content of serum orosomücold in juvenile-
onset d.labetes tends to favor the former hypothesis.

The purpose of the experfments descrlbed in the next

Section was to lnltiate a quantitative study of the contribution
of circulatlng glucose to the carbohydrate component of serum

orosomucoid.
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EXPERIMENTAL:

SECTION 2z ENTRY RATE OF CIRCULATTNG GLUCOSE

TNTO SERUM OROSOMUCOTD

Studles deslgned to measure the entry rate of

clrculatlng radlolsotope-labe1led precursors lnto serum

protelns 1n man are lacklng, and only one such in vivo

study ln anlmals was found (62) " Thus, the feasibllity of

lnduction in a serum proteln pool of a labelling pattern

sultable for conversi-on-rablo analysis by an lsotope Ín-
fuslon of practlcaÌ duratlon and dose, was unknown. AccordJ-ng1y,

before the attempt to measure the entry rate of clrculating
glucose into serum orosomucoid, the methodology and klnetlcs

analysis were developed in prellmi-nary studies of the entry

rate of clrcul-ating alanlne into serum albumin, these being

a precursor and a serum proteln present in hlgh concentration

and with well-known kinetlc properties (63, 64).

SUBJECTS:

The characteristics of all subJects are shown in

Table 10. The healthy subjeets were from the minor-surgery or

ophthalmology clinics, and the diabetic subJects from the diabetes

clinic, at the Winnipeg General I{ospital" The diabetic subjects

dÍscontinued. their treatment. Three had rel-atively mild

maburity diabetes (FBS /-200 ng/t00 mI), and three had more severe

maturity diabetes (f'nS>200 ng/IOO mI). No subject had a history
of any systemic dlsorder other than diabetes, A1l r^¡ere over
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EXPERTMENTAL PROCEDURES :

1. Entry Rate of Circulating Alanine into Serum Albumin:

The subJects came to the laboratory at 0630 hours,

havlng fasted overnight, and rested for one-half hour. During

thls period an indwelllng catheber was inserted into a forearm

vein. At O70O hours a constant infusion of B0 ¡rC of U-C14

al-anine (99.7/' purity; New England Nuclear), diluted in about

190 ml normar sa]ine, was begun through thfs catheter and ad-

ministered over B hours by means of a Teehnicoir Proportioning

Roller Pump (Model-l). Blood samples for estimaLion of stable
and radloactive alanine and albumin leve1s were obtained
#hønr,-ì. .i ¡.ur''wL¿óri d.rr rirdlelllng catheter lnserted lnto a vein of the

opposlbe forearm at l-Z0,180, z\0,300, 345, 390, 4ZS and 462

mlnutes after the start of the lnfusi-on. One month after this
experÍment the vascul-ar pool size u¡as measured by means of an

intravenous i¡ í an t i on nf ''"adiolodinated serum al_bumin ( 64 ) .

Techniques were the same as for the u-clA alanine in-
fusÍon. The 1nf usate was 1oo ¡rc of u-c14 gr-ucose (gB/" purity;
New England Nuclear). Blood samples vJere drawn at 240, 3oo, 360,

\20, and 4Bo minutes for anarysis of stable and radioactive

t" Rate of Circulating Gl_ucose into Serum 0rosomucoid
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plasma glucose ar)d
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serum orosomucoid level-s

lat er .

\fqcnrr'l rn nnnlyvv L

AI'IALYTICAL I4ETHODS :

1. Stable and Isotopic Plasma Alanine:

Slmultaneous anal-ysis of stable and radioactive
plasma al-anine was performed on a Technlcon Amino-Acid

Anaì-yzer. Method Nc-1 was modified (65) by substitution of
a short column and by addition of a stream-splitter v¡hich

dlverted a portlon of the effluent to a fraction collector
to permit 1lquid scintillation counting (Nuclear Chlcâgo,

unllux rr) of the radioactive alanine peak. The remainder

of the effluent was directed to the colorimeter in the con-

ventional manner.

2" Þtab1e and Isotopic Serum Albumin:

Albumln for specific-activity determination was

lsolated from 1 ml serum by means of a sephadex G-2oo column

(1.5 x 84 cm) accordinp5 to the method of Kitlander (66¡ and

Fl-odin and Klllander (67) " The albumin fractions were

dialyzed to remove salts and concentrated to a final vol-ume

of 0.8 mI. A 0,5 mI porti-on was counted for 20 minutes in
the liquid scintlllatlon counter. A 0.2 mt portion was used

for determinatlon of protein conbent accordÍng to a standard

Bluret method (68). A 6 -ul portlon was analyzed on a Beckman

Model- R paper electrophoresis cel-l-; the lsolateC proteln solution
was 92 + 2 S.D.f" albumln (n = 6] determinatlons).

The serum albumin leveI was determined by conventlonal
paper electrophoresls.



Stable and Isotopic Sqrun Orosomucold:

The level- of sbable serum orosomucoid l^Jas determined

outllned 1n Section I 
"

Radloactive orosomucoid was isol-ated from tv¡o 5-mI

portlons of serum as 1n section 1, poored, and concentrated
1n vacuo at 37oc to a volume of 5.0 mI. A 4.0 mr portion
was counted for l-00 mlnutes in the liquld scintil-latlon
counter. A 0.5 ml portlon vias used for determlnaLlon of protein
content by a sbandard tyrosine method as outl-ined in Section ].

4. Stable and f soboplc plasma Gl_ucose:

The stabl-e plasma glucose level- v,ras determined by

fhe Technlcon N-2a automated ferricyanid.e method.

Pl-asma radloactive glucose was isolated by column

chromatography on the Technicon Amino-Acid Analyzer during
fhe same procedure used to isolate alanlne (6il. comparison

of results obtained by this new method. v¡ith those obtaj_ned

by the standard gluconate method indicates close asreement
(65) .

RESULTS:

1. Entr Rate of Circulatin Alanine into Serum Albumln:

Figure

of plasma alanlne

I 1 Fênnâc onl- o¡ vlJ4 vvv¡¡vo

and of serum

the changes in speclfic activity
albumin during the U-C14 alanine
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lnfuslon 1n subJect B.K. Whereas the speclfic-actlvity
curve of plasma alanlne had equlllbrated after two hours, the

aLbumln pool, being large and of slow turnover rate, showed

a constant rate of rlse 1n speclflc actlvlty. Thls l-lnear

rlse represents the lnltlal portlon of a prolonged exponential

curve, and lndlcates that durlng the lnfuslon the rate of loss

of counts from the albumln pool was negl1gible. Therefore,

lts slope reflects the entry rate of counts from the equill-
brated alanlne pool lnto the albumln pooI. The slope was cal-
culated by the least squares method. The followlng càI.cuLations

were then performed:

(1) Clrculating-alanine turnover rate

= U-C14 alanlne infusion rate (dpm,/min)
ã1 )

= 455 p\q/mln 
"

(2) Entry rate of clrculating alanine into the serum albumin
pooÌ

= slope of albumin speclflc actlvity (dpn/y[/min) x

lntravascular albumln pool- slze (uM)
al_ani_ne equillbrium speciflc activlty (dpm/]¡M)

= 2.\Tl x 2093

-T16--= 6 " 93 ¡rl{/min .

(3) Percent of clrculating-alanine turnover converted to
serum albumin

= rate of alanlne to albumin (Ul{,/min) x 100
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6"93 x loo
---qrt__
r "5%

The results for all subJects are shown 1n Tabre 11.

The fraction of labelled alanine appearing 1n serum albumin

was higher ln severe maturlty diabetes (r.T + s.E" 0.3%) than

ln mllder dj-abetes (I.0 + 0. OZi¿) and ln health (1.3 + O.f%).

2" EntrY Rate of Circulatlng Glucose into Serun Orosomucoid:

Flgure 12 represents the changes 1n speclfic activity
of plasma glucose and of serum orosomucoid durÍng the u-c14

glucose lnfuslon in subject y.K. As in the alanlne-albumin

experfments, the specific-actÍvity curve of the precursor

plasma glucose pool had equlllbrated after two hours, whereas

the reciplent serum orosomucoid pool showed a constant rate
of rise ln speclflc activlty. Therefore the same calculations
could be performed:

(1) Clrcul-ating-glucose turnover rate =
rlr

U:Cra glucogg.ln{us1on rate (dpm,/min)
glucose equllibrium speCr@ilvl)

= 465 ytut/ntn.

(2) Entry rate of clrculating glucose lnto the serum orosomucoid
pool

= slope of orosomucold speclfic actlvlty (dpn/ylt/min) x

Íntravascular orosomucold pooì- slze (pM)
n/PI|)

= 2.865 x 11

-T-TTT-= 0.04 \ yY/nIn
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( 3 ) Percent of clrcul-aLing-¡llucose turnover converted to
serum orosomucoid

= amounL of q)-ucose to orosomucoid (pl'1,/min) x 100

= 0.044 x 100
---1|7;- '{o)

- ^ 
f\101

- V. VL/o

DTSCUSSION:

1. Entry Rate of Circulatlns Alanine into Serum Albumin:

No precedent was found in man for the measurement of
the rate of entry of clrculating precursors lnto a serum

protein. The test of the feasibillty of such a procedure

based upon alanine incorporation into albumin was successful: the

precursor pool equilibrated rapidly; radioisotope l-evel_s in
the recipient pool were sufficient at the atlolable dose fevel-

to be measured readily; entry was a stable, linear function
of time.

The fraction of 1abell_ed alanine appearing in seruln

albumin represents only the contributlon of circulating alanine

to this end product. rt seems likety that this alanine is
lncorporated as the intact mo1ecu1e, wlthout previous deamina-

tion and admlxture into a common precursor pool; hydrolysis and

amino-acid radioanalysis of the albumin v¡ould be needed to con-

firm that the radioactivity is confined to the alanj-ne residues.

The approxÍmate total rate of incorporation of a]anine into
al-bumin can be estimated from bhe average serum albunin replace-

ment rate of 200 mg/ke/day (61t, 69), and from 1,he specific aLanine
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content of albumin (Zo). Thus, âtr estlmate of the fraction of
thls total provlded by clrculating alanine can be derlved. rn
the healthy, overnlght fasted subJects this estlmate was 4o +

SE U%. The valldlty of thls value is supported by its slmilarity
to those obtained in overnight fasted rats by Gan and Jeffay (Zt)

and by Loftfleld and Harris (727 for the contribution of
elrcuJating amino acids to the intrahepatic free arnj.no acid
poo1. The balance of the pool is thought-to be derived from

endogenous hepatfc amino acids v¡hich have not circulated,
although 1n the case of alanine the potential in vlvo contri-
butlon of pyruvate by transaminatlon seems not to have been

measured. fn severe maturiby dlabetes the estimated fractional
contribution of circulating alanine to serum arbumin was 55 +

sE 3%, somewhat higher than in health. This could refrect
depletion of hepatic precursors by the excess gluconeogenesis

which occurs in maturity dlabetes (73).

An attempt to measure the entry rate of ctrculating
alanine lnto orosomucoid was unsuccessful, presumably because

of its low alanlne content (Tab1e 5).

experience wlth alanine-al-bumln incorporatj_on. The kÍnetlcs
observed 1n the precursor and recipient pools were similar to
those in the prototype experlments. The speclfic activlties
of orosomucold were slml]ar to those of albumin at corres-

2" Ba!e of Circulating Glucose into Serum Orosomucoid

This measurement vras attempted. on the basis of the
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pondlng tlmes during the lnfuslon; the }evels of counts per

sample volume, were very much lower because the concentration

of orosomucold 1s only about I/1-00 that of a1bumln. They

reached 2L, tlmes background at the end of the lnfuslon.

The fractlon of labeIled glucose appearlng ln serum

orosomucold was only 0"0I1". Aga1n, this measurement represents

only the contributlon of circulating glucose to this end

product. If one assumes that glucose is lncorporated equally

lnto all carbohydrate components of serum orosomucoid (Figure 5),

ft follows that the approximate total rate of lncorporation of

glucose into orosomucoj-d can be estimated from the average serum

orosomucoid turnover time of B days (37 , 711), and from the botal

number of carbohydrate resid.ues per mole (Table 6). Thus, the

approximate îraetion of thls total provided by clrculating gfu-

cose can be derlved. This fracti.on was 60/,, and thus similar
to the corresponding fractions in the alanlne infusion studies.

A comparatlve study of the rates of incorporation of clrculatlng
glucose lnto orosomucoid in health and diabetes now appears

feasible. It may provide some lnsight into the etiology of the

abnormalities 1n serum orosomucoi-d hexose content in diabetes

demonstrated in Sectlon 1, and thus may relate to an understandi-ng

of the alterations in amount and composltion of basement membrane

which oeci.lr 1n diabetic microanglopathy"
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TABLE 1

Plasma

ïmmunogl'obul ln s

Urine

Hormones

Enzymes

Egg white

Mucins

Connective tissue

Extracellular
membranes

Cellular
membranes

Phyt ohemagglut lnlns

BIOLOGICAL CLASSIFICATION OF GLYCOPROTEII.IS

EXAPlPLES

Fetuin: o(1-acid glycoprotein, transferrin,
ceruloplasmin, haptoglobln, e<2-macroglobulin,
Barlum o(2-glycoprotein, fibrinogen,

llpoprotein, thyroxine-binding g1obulin,
corti costerold-bindlng 91obul1n

fgG, IBA, feM

Tam and Horsfall glycoprotein

Chorionic gonadotrophin, fo11Í_c1e-stimulating
hormone, lnterstltlal ce11-stlmulating hor-
mone, thyroid-stimulating hormone, thyro-
globulin

Pancreatic rj.bonuclease and deoxyribonuclease,
Takaamylase, fungal glucose oxldase, stem
bromelain, kldney l-glutamyl transpeptid.ase,
liver zB-glucuronidase, N-acetylglucosamJ_nidase,
serum cholj.nesterase and atropinesterase,
horseradish peroxidase, fungal glucoâm¡rl¿ss
and chloroperoxidase, pepsin and pepsinogen,
yeast lnvertase

OvaÌbumin, ovomucoid, avldin, ovotransferrin
Submaxil-Iary glycoproteins, ovarian cyst
glycoproteins, sulfated gastric, colonic and
submaxillary glycoproteins

Proteoglycans, collagens, aorta glycoproteins,
aci-d glycoprotelns of bone, keratan sulfate-
proteins

GlomeruÌar basement membrane, lens capsule,
Descemetrs corneal membrane, Reichertfs yolk
sac membrane , annelid cutie'l o n'l qr¡J- nol f
wa1I, yeast eell waII

PIasma membranes, lntracellular membranes,
platelet membranes, visual pigment, E. coli
ceI1 membrane

Soy bean, wax bean, potato, black locust,
meadov¡ mushroom

GROUP

Splro, R.G (6)



TABLE 2 COI',ÏPOSITION OF }IUI',IAN SKII.J COLLAGE}']

RESÏDUES PER ]-OOO TOTAL AI,{INO
ACID RESIDUES

??n
r rQILU

I
JJ

110
45
IJ

Jo
-ì t{IV
alr
¿..1

n

t0
¡lr
¿11

b
6

5l
I2

J

0

l,Jhite, A. , Ilandì-er, P. ,
Smith, E.L. (B)

C0l,{P0NEl'lT

Gly c ine
Pro line
?-Tlr¡droxvnrôl ine
I' r ra_H1¡atr^Y\7n11^ tf nev¿rJ PL v _L

Alanine
Aqn:¡r"fin Ânirl
Glutarnic Ac i.d
Serine
Threonine
Val- ine
14ebhionlne
fsoleuc ine
Leuc ine
Lys lne
I{ydrox yIy s ine
Hist idlne
Ar"cri ni ne
Phcnr¡-l ¡l rni no
Tyr o sine
llrl f-nr¡qf inr-
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TABLE 3

I

COMPOSITTON OF NORMAL HUMA}.I GLOIJIERULAR
BASEMENT MEMBRANE

COMPONENT

Hydroxyprollne
Aspartic acld
Threonlne
Serlne
Glutamlc acid
Proline
G lyc lne
Al-anine
Valine
Methionine
I so I euc ine
Leucine
lTrrr.nqirra
¿J4 v

Phpnr¡'ì el rn{ np
Hydroxylysine
Lysine
Histidlne
Al.oi n r'ne.¡- 

õ*.¡¿Ä¿v

II¡'l f-nrrqhinp
ll1pr¡nJ- nnl.rc n
-- ,i y vvlrLtart

Amlde nitrogen

G lucose
Gal-act ose
Mannose
Fucose
N-Ac etylgluco samine
N-Ac etylgalact o s amine
ì,I-Acetylneuraminic acid

Gluco sylgalactosyl-
hydroxylysine

RESIDUE I,.IETGHT
(en/I00 gm dry wt
+ S.D.l'i. )

RESIDUES PER lOOO
TOTAL AIV1TNO ACID
RESIDUES

84. r
6q.6
34.1
50. B

86.7
79.\

220.9
68 .9
37 "\
12.7
28.3
5'j1 .8
15.4
26 "32t.3
28. B
1tr ¡
tt?.t
21. 0
2.0

(6a.9¡

'7 Ê,1

5. 87
2.72
3.49
B.B¡
6. 09
o oK

3. 87
2.93
r.27
¿,)5
4. BB
I .97
2 .90
2.39
2. gr

5.79
1.71
0.25
0. 87

2. 03
2 "34
o .55
0.14
1.21
n rÁ
u"o¿

0.37
0. 23
0. 23
nRz
0.69
^ 

2'7

0. 1B
0. 24
0. 0B
0.13
0 .23
0. 21
0. 34
n 10
0. 21
0. 0B
U. JO
0.09

+
F
T
F
T
T
T
F
+
F
F
F
F
F
F
F
F
FI

+
F
T
T
T
F
F

0" 07
0.13
0.'02
0. oo7
0. 02
0. 004
0.025

I5. B

18.3
4.32
0. 98
7.40
o .99
2.67

16.13 + 0"76

Beisswenger, P.J.,
Sptro, R.G. (fZ¡
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TABLE 4

COi4PONENT

Hr¡rìr.n¡¿rrl r¡qi na

ï.r¡qine

T.r¡qi rlo nl rlq lrr¡rlr.nwr¡-
¡/¿gU

I r¡qi no

lr . \
\ l,ysLne/ n)Toroxytysl-ne /

Glucose

l¡lanno s e

I{exo samine

( Di s ac charid e / lnetero-
polysaccharicìe )

(Pc,r,ocnf.açvø nf r:r'l r¡nn-
()¿J vv

s.r¡l ¡J:-ìnn nf hr¡dr"o¡¡r¡-1¡J \^¡ vJLIY

| \7 e f nô |

C l ttnnqr¡l o¡'l e ¡f ncrrìv ¿ qvv oLy r/j@rav v U ù-V I -
Ìrr¡d r.nwr¡'l r¡ q i r-ro

CO}lPARISO}J OF SEVERÂL CO!.1PO}JE]'{TS OF THE
NORI4AL AND DIABETIC HUI4AI'J GLOI'''1ERULAR
BASEI4ENT I4EI'IBRANE

RESIDUES PER }OOO TOTAL
AIViINO ACID RESIDUES + S.D.I'1.

NORI'{AL DIABETIC

)L7+L 
'. f

2q ! +
¿). I

-^ ì |
)v.L

(1 n? +
\ r . vJ

1'7 Â +¿l.v

l¡ o¡
t. t J

^4,l_u. zof

lr r

1.06

0. 94

I lo

0.09)

t. 01

0 .25

0.46

?\

30.21

I O 7^L/. I v

!o o

( o. 65

1/\ o¿¿. t)

4'70

10.47

( rl+

(75.7 t

0 .96

0.34

0. 98

0.03)

I tq

0.17

0.82

.6)

! 2\

1

t
I
t
+

(72.5 + 4.3)

r5.g + 1.08 20.8 + 1.3r

Roi.:qrrrêncrêP P .T Qninn tr ^ /r^\
e :..).t ùIJI--L'9r ñ.U" \I¿)
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TABLE 5 (continued)

a. Based on an orosomucold molecular weight of 44r100
except for the data of Ganguly and V/estphal (42) who
assumed a molecul_ar vreight of 4l , 00 0.

b. These resul-ts vlere expressed as residues per 100, O0Ograms. To conr¡ert them to residues per mole f have
multipl-ied by bhe factor 0. 41.

e, g. al_anine = 26 residues / l_00, O0O g.

OR 26 ¡¡ Il nnn'*. VVV r
= ll l1êqìñìtêq/Yn^lô

lrìnnnn!4gU/¡¡lv4vrvv â vvu

c" These resul-ts were expressed as fTrams per I00 grams
protein. ï have converted them to residues per mole
as fol-lows:

Irleight of a.a. + ltleight of orosomucoid (fOO q.)
miL wt. õr-ã. a. o l

e.g. arginine = 3.65 8.,/100 g" protein
ôR ? Ár.

J' v) n n¡aa/-ffi + O"00226 = 9 residues,/mole.Lt.1 .¿U



T
A

B
LE

 6

C
O

M
P

O
N

E
N

T

H
ex

os
e

A
ce

ty
l 

H
ex

os
am

i-n
e

H
ex

os
am

in
e

S
la

1l
c 

A
cl

d

F
uc

os
e

C
A

R
B

O
H

Y
D

R
A

T
E

 C
O

M
P

O
S

IT
T

O
N

 O
T

' O
R

O
S

O
M

U
C

O
ID

P
E

R
C

E
N

T

K
en

t
(3

)

W
E

IG
H

'

S
pi

ro
r6

l

T
ot

al

13
.6

-1
6.

8

12
. 

4-
14

. 
3

a 
1 

^ 
a 

,r
 

n
Il-

. 
U

-I
î 

¡ 
/

0"
7-

 1
.1

I 
O

F
 C

A
R

B
O

H
Y

L- I 
Þ

yr
ar

 a
no

I 
Je

an
lo

z
I 

(4
6)

'tl
 

?

L5
 "

2

10
 "

 B

tn

D
R

A
T

E
 R

E
S

T
D

U
E

t- I 
t/.

Je
r_

sm
an

,

I 
G

ol
ds

m
lth

,
| \

,{
1n

z1
er

 a
nd

I 
Le

pp
er

| 
( 

37
 )

13
 "

2

15
"3

37
 .7

 -\
6 

.9

P
E

R
 M

O
LE

'f¡
Ia

 i
 

na
ø

vr
v¿

¡¡
¡u

¿
 

t
M

eh
1,

 a
nd

,l¡
lln

z 
1e

r
(4

4)

ln
 

o

^.
7

't 
Ã

r 
lr

L'
t

10

S
na

1l
am

ou
nt

?R
?

N
U

M
B

E
R

 O
F

 C
A

R
B

O
-

H
Y

D
R

A
T

E
 R

E
S

T
D

U
E

S
P

E
R

 M
O

LE

('r
5)

 
(4

3)

4o
.I

ro
"¡

1

45

33
 

27

^a ¿
o 

¿
r

,r
1 

a

ql
 

^/
tr

ì 
tr

l

^a
lr

é 
J-

'r /ð
l{ 

ol

o\ L^
)



b4

TABLE 7 OROSOI'lUCOID COIJCEI'ITRATIOI.J IN IJOiìI4AL
IjUI4AN SERUI'1

REFEREI.ICE

Kent (3)

Tokita & Schmid (48)

Sundbl-ad & l,iall-Ln-
Nilsson (lt9)

Snyder & Ashr^¡e11 (35)

Johnson, Schmid & Alper
(50)

l^Jhitehead ( 51)

Vlest & Hong ( 30 )

- , -a\wlnzler ( )o J

Schultze & Heremans (45)

Hardwicke ( 52 )

Korne1 , Sc hrohenloher" &

Caldwelt ( 53 )

Cleve, Alexander, Mltzl<at,
NÍssen & Salzmann (25)

SERUIq OROSOI'{UCOID CONCENTRATTO¡]
(ng'/roo n:l )

20-40

4S

6B

6g

70

T3 ( 28 r24)

75

I)

75-r_00

7q-1 2q
I J *È)

'tQlv

106
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TAI]I,E 9 PRESIINCIi Oiì ABSIiIiCN CF NELATIOiíSHIPS
0R0SOI'1UC0ID LEVEL AND llEXOSii COI'lTEi.iT
SUBJECT CHÂ]ìACTENISTI C,S

OF
TO

sEfìul'1
0TfitìR

HEALTIIY SUBJ]ìCTS D]ABETIC SUBJECTS

erum oroso-
ucoid level

erum oroso-
ucoid hex-
se content

^^+ -! -- L. I ^^ìd.ù u-Lr1¿1 uru(JLr
lucose leveI

l-asma tri-
lr¡npr"ido
evel

l-asma chol-
st erol- l-evel

rrr.r t i nn
f diabetes
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¡¡'t- nn1 ( -^^Àv¡¡ur vr \.5vvu
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TABLE I1 ALANI I'JE_ ALBUI'1 IN I ¡JTERCONVERS ION,S

C IRCULATING -ALANINE
TURNOVER RATE

( pl{/min )

C I RCT]LAT ]IJG - ALAI.JI }IE
TO ALBUT,iII.J

(pl4lmin) (percenL of
alanine
turnover )

( a ) Iiealt,hy subj ecbs

M. T"
A TT

(b) Mild maturlty-
onset diabetic
qtlh'i onl c

^Þn.U.

1^1. V.
I-I LI¡r. yy .

c ) Severe maturity-
onset diabetic
^i,È.i ^^¿ ^ùuruJ rJuuì)

RT(
v.t{.
L. t4.

209
320
232

? to
{ llrr

3.32

t.
t.
1.

5

I
4

/4\ 2 .50
¿. o¿

6.gZ
c zL
6.Bg

1.0
1.0
1"0

t)55
2To
510

'lq

2,L
1.4
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FIG. 1 STRUCTURE AND PEPTTDE ATTACHI,{ENT OF THE
DÏSACCHARIDE UNIT OF THE GLOMERULAR BASEI'ÍENT
MEMBRANE:

2-0 -d-D-g1 uc op yr ano s y I - O-p- D- ga 1 a c t o p yr ano s y I hyd r o xy-
lyslne
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FIG. 2 SCHEMATIC REPRESENTATION OF GLOI'{ERULAR BASEMENT
MEFIBRANB

Glc = gl-ucose, Gal = galactose, SA = sialic
Fuc = fucose, IIyl = hydroxylysine, Aspl'lll.., =
-S-S- = disulphide boncls, *X- = uncletermÍneC
bonds
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( 1) UDP-Gat + I{¡,1 ( basement membra,lu ¡ ---IlÏ
O-p-D-Ga]- ( 1_->5 ) -Hyt- (basement membrane ) rr ( Unp )

(2) uDp-Gtc + o-p-D-cal- ( 1-->5 ) -Hy1- ( ¡asement membrane ¡ I'1n+L**

o-d-D-c1c- ( l--? 2 ) -O-P-D-Gat- ( r---)¡ ) -Hyl- ( basemenf membrane )

+ (uDp)

FIG " 4 RBACTTON SEQUENCE FOR THE BTOSYNTHESIS OF THE
HYDROXYLYSINE-LThIKED DISACCHARIDB UNIT OF
BASEIqENT ME},,IBRANES AND COLLAGENS

(a) Enzyme responsible for sequence (1) is
UDP-galactose : hydroxytysine- ( basement
membrane ) gal-actosyltransferase .

(b) Enzyme responslble for sequence (2) is
IIDP-øl tleose : øn'l ¡etnq,r¡l hr¡drnvr¡'l r¡q-ì no- /hr qononÍ-

t>srsv vvuJ rr¡J ur v^l r.y Ð¿¡¡ç- \ vGùgi¡rgl¡ u

membrane ) glucosyltransferase.

Spiro, R.G", Spiror Iq.J. (17)
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RELATIONSHIP OF SERUM OROSOMUCOID TO

PLASMA TRIGLYCERIDE LEVELS
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