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TABLE X1l

Analytical Values of the Unsaturated Disaccharides Obtained
From Chondroitin Sulfate A and B and Hyaluronate
After Digestion with Flavobacterium Enzyimes

E1 Ff[ Sr.h

carmine | Reducing =
Substrate Carbazole | Hexosamine | &0 & e
| Value  gap g, | (PeToent)
Chondroitin .
sulfate B 469 | 301 61.3 120
|
Chondroitin [
sulfate B 44,2 25.6 d4d.2 130 13.2

Chondroitin
sultare A 40,5 EER: 224 138

HA 40.0 41.7 61.4 1 48

of the Havobacterinm. The sulfatase of these extracts also does not act
on the polymers, bug it does act on the sulfate groups afrer glycosidic
hydrolysis. Kerato sulfate, for example, is not hydrolyzed by these
extracts nor are the sulfate ester and the glycosidic bonds. The same
;lpplmg ko |1l:J'r::Ir‘I|| The extracts af the ntm:dap’rr.*‘l Organisms or
QIganisms EddPtEl\_ to chondroitin sultate A or B da not split heparin or
heparitin sulfate and apps rently do not hydmlyze the sulFare BIOUPS
either. Extracts of organisms adanted 1o hr_panﬂ will split glycosidic
bonds of heparin or heparitin sulfate and will also hydrolyze sulfate of
the sulfate estcrs. This we have interpreted as a confirmation of the
findings of Dodgson and Lloyd ({51).

Heidelberger: Does the sulfatasc split the N-sulfate or the ©-sulfate,
or 18 that not known.

Meyer: In the heparin-adapted enzyme, it splits both N-sulfate and
(-sulfate. Of course, the enzymes which are not un::l]:;r-;] to heparin
da not attack sither the Wosulfate or the O-sulfare.

Bernardi: 1 studied the infrared spectra of some sultated poly-
saccharides in the EE‘EI-:m e o T30 om. T {[._:a[r }[I‘;’] The bands
present in this region are assignable according to Barker et af. (52).
The ring vibraticn and ring breatheng bands appear at the expected
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frequencies. The C-H deformation bands, which are correlated with
the type of glycosidic bond present, are in agreement with the strucrures
sugpested by chemical and optical rotational data. A remarkable excep-
teon, however, 18 heparin (a5 well a5 mactin A and mactin B). Here
an a-glycosidic linkage is indicated by the strong positive optical rota-
tion [+47, +71, +41, respectively (531) ], according to Wolfrom ef af,
{34), whereas the presence of a bund ar 890 cm.~* suggests a 8-linkage.
In this connection, 1 should like to point out that in the case of
w-carrageenan, which shows an optical rotation of 463" (55), both
x-ray diffraction data (56) and infrared spectrum indicate the presence
of glinkages.

The most important feature, however, concerns the sulfate. The
sulfate band appears near 820 cm. ™" in some sulfated polysaccharides
and near 850 cm.”! in others. This difference was noted for the frst
time by Orr (15). On the basis of the work of Jones e al. (57,98) on
the infrared spectra of steroids, Orr suggested that this difference could
arise from a different steric position of the sulfate group with respect
to the sugar ring. This interpretation, although criticized by Egami
(39), receives further support by the following considerations:

We can reasonably assume {60,61) that the hexoses forming the poly-
saccharides shown in Table XIV are i the Sachse C 1 chair form {62).
In this case we know from Reeves' work {62) the steric pasition of the
hydrouyls or of their substituents. Achually, we just nesd to know the
positions of the hydroxyls on Co, Cs, and Cs, because the ¢ hydroaxy]
15 involved in the glycosidie linkage and the Cs hydroxyl is substituted by
the Cs group which is always in an cquatorial position {therefore, also
the Ca hydroxyl in some way occupies an equarorial position ),

Glucose has equatorial hydroxyls on Co, G, {and on Ca, of
course ). Therefore, the first seven polysaccharides of the table, whose
hexose units are formed either by glucose or by its derivatives, glucosa-
mine and glucuronic acid, have equatorial positions only for the sub-
stiruting sulfate groups, They all show a sulfate band near 820 cm, 3,
which is therefore supposed to be corrclated with the presence of
equatorial sulfate groups, It is important to stress that it does nol
matter if there is more than one sulfate per hexose vnit. Polysulfation
will only increase the intensity of the band at 820 cm. " as well of the
5=0 stretching vibrations near 1240 cm.—*. Nor does it matter if the
sulfate is bound to an amino group, as in heparin, because the only
impartant thing is the steric position of the sulfate with respect to the
sugar ring.

Cralactose has equatorial hydeoxyls on Cs, G (and Ce) and an axial
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Avdroxyl an Ci. Consequently, there are two possible positions for the
sulfate group in the palysaccharides whose sulfate-carrying hexose is
culactose or galactosamine; namely, those having a sulfate on C, like
the carrageenans (61}, and the chondroitinsulfates A4 and B {23,63)
have the sulfate in an axial position and show a2 band near 850 cm.—%.
Chondroitin sulfate C, which has the sulfate in an equatorial position,
on Lo (63 ), shows, as expected, the sulfate band near 820 cm,~'. Abour
xcrato sulfate, which also has the sulfate in an equatorial position—I can
only say that its sulfate should not be an the Cy of galactose,

Mannose has equatorial hydroxyls on Cs, O, (and Cs)} and an axial
hydroxyl on Cs. Palysulfated alginate, whose repeating hexose unit
s mannutonic acud, may therefore have both axial and equatorial sulfate
groups. This is probably the explanation of its double sulFate hand (1%).

A final remark [ should like to make concerns the assignment of the
sulfate band. The sulfate bands shown in Table XIV da not shift to
different frequencies by passing from the salt forms to the frec acids
(15). The only known exception is palysulfated alginie acid, where a
possible explanation is given by the contraction, shawn by x-rays (65),
that aJ{gin_i-_‘ acid undergoes while passing to the salt form. This failare
to stutt rassed some doubts about the assignment of the sulfaze bund
{39). However, as acid forms of the polysaccharides are obtained by
casting them down from a dilute HCL solution, it is likely that only the
carboxyl group if present becomes undissociated, whereas the sulfate
may remain in the jonized form. The belonging of the sulfate band is
well shown by its appearing after sulfation in nonsulfated polysaccha-
rides (1%) and its disappearing after desulfation in sulfated poly-
saccharides, ™

Woifram: You say there are two bands for sulfate? Where is the
second band for sulfaee?

Bernardi: No, there is just one band eXcept mn the case of alginate
polysulfare.  Actually, a weak band also dppears at 800 cm.”' in
cellulose polysulfate, and at 809 em.~ in dextran polysulfate, but I
da not know whether ar not they belong to the sulfate, T did not prepare
any byalurcnate polysulfate. Its spectrum is given by Orr (13). The
anly original spectrum shown in the table is that of keratn sulfate.
which [ did using a sample you sent me, Dr. Wolfrom,

Hoa ffran; Fn]]%m'jng the publication of Ore's paper {13), we also
began a study of the infrared spectea of the mucopolysaccharides, As
Dt. Bemnardi stated, Orr had shown that the absorption of chondroitin
sulfate C was related to that of polysulfated hyaluromate—

Bernardi Orr did not speak of chondraitin sulfate C.

*heper, K. Personal corsmanication,
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Hoffman: The B isomer menticned by Orr is what we call chondraitin
sulfate C. Tt is important to clarify that point,

Mepers I would like to stress that what he calls B is from nucleus
pulposus and is chondmoitin sulfate C, as confinned in Sweden by
Gardell {66) and isclated by us from a chordoma, a tumor originating
like mecleus pulposus From notochord cells,

Bernards: | should like to remind you that kerato sulfate also is
present in nucleus pulposus, besides chondroitin sulfate © and A and
perhaps chondzoitin,

Emitor’'s NoTe: Dr. Bermards would like to add the following “after-
thought” to his remarks st the Conference:

Der's B jsomer (149}, in my opinion, was a mixture of chond mitin
sulfate © and keram sulfate. The first evidence for this was given by
Orr himself, who found in his preparation a ratie of the mtensities of
the band at 1736 (—COOH) to that at 1360 (=NH]) 21 w 20 per
cent lower than i byalurenic actd. This means 2 rough catio of 3 w1
of chondroitin sulfzre C to kerato sulfate in Ore's B isomer.  Another
finding reported by Ore (15) f5 very inferesting in connection with
what Dr. Meyer said about the presence of kerato sulfate in some types
of hyaline cartilage, s well as about the electrophoretic mobilites of
choadroitin sulfate and keratn sulfate. Orr (13) found that the faster
mowing component cbtined by counter-curnent chectrophoresis from a
tracheal carnilige peeparation of chondroitin sulfate ed a 1736/
1560 ratio oqual to hyaluronz: acid, whessas the whole preparation had
a ratio of 0.69, This suggests that the slower moving companent prob-
ably was kecato sulfane

Meyer: They isolated from nucleus pulposus twe compounds, one of
which appears to be identical with what we have called chondroitin
sulfate €, the other identical or at least similar to kerato salfate.

Hoffman? Ore's basis for the quatorial sulfate in C was the similarity
of its absarption to that :ps:aring after the polysulfation of hyaluro-
nate, and, because A had a differcnt absorption, he assumed that it was
due to an axiz] sulfate group. Of course, at that stege, he did not know
that the glycosidic linkages were the same for hyaluronate and the
chondroitin sulfates, and he would not commit himself as o whether
the diferences were a result of the suifate's being on different cacben
atoms or of different glycosidic linkages. However, he tavored the cor-
rect interpretation, that the difference was due o the sulfate linkage.

Mathews (16) carried the work fusther by obtzining the spectrum of
chondroitn sulfare 5, and he noted that 6 was similar to that of A
As a ]Jrclimiu.aq.r report by Jeanloz had shown that the sulfat= on G
could oot be on C-6 of the palactosamine and was probably on G4,




Biolagy of Chondroitin Sulfases 81

exists in salt selution as some kind of random cail, and that it will ex.
tend as we lower the salt concentration, because there are negative
charges. Extension of this results because of repulsion of charges.

Mathews* found the minimum molecular weight of the complex to
be about 4,000,000 About 3,200,000 of this is chondmoitin sulfate A,
and 1,800,000 is protein. Fach of the chaine of chondroitin has a
molecular weight of 50,000,

We thought that this was going to be very casy, that if it were possible
tr remeove the side chaing with hyalurenidase the protein wonld remain
ind could be studied with al] its physicochemical properties. Unfor.
runately, side chains sre removed to a certain point and then there are
stl] chondrottin residues, so this interferes with the physicochemical
characterization of the namure of the protein.

In zddition, these individual macromalecules scem to have a very high
cegree of association with other molecules, w0 thal actnally in nature
they may not all be 4,000,000, This is the lowwrest estimate he has ob-
sained. Many of the preparations show much higher molecular weights.

FPoilard: There really are not any physicochemical metheds that will
deal with 2 molecule of that type. There is confusion betwesn pot
tnowing the axial ratw and the ;E:gm: of hydration.

Dorfrean: That is correct.  All ore can say i5 that on the basis of
viscogity and l[gi:!—scartf:in# data this is a highly asymmetrical molecule,
L. Bernarcli has a little different idea about the shape of this molecule

Bermardi: Mathews and Lozaityte (12) quite recently peblished o
cood paper on the mucoprotein from bovine nasal septa cartilage. The
interpretation of their data and their conclusions on the melecular shape
and structure of the chordroitin sulfate-protein complex were diferent
‘rom mine (16). 1 should like to recall that the madel [ proposed on
fhe basis of results obtained with different techniques for cartilage muco.-
protein was that of a coiled filament Formed by chondroitin sulfate
mear chains bridged by polypeptide chains in an end-ro.end arrange-
ment. A similar model was peeviously put forward by Webber and
Hayley (17) who obseeved that mucoprotein molecules showed stream-
ng birefringence in distilled water but not in sals solution. This crite-
ron, hawever, was shown o be equivocal (18,19).

It 1s impartant to point out that Mathews and Lozaityte studied a
roduct extracted by & method different from that which T used. This
wxplains the apparent discrepancies in the resulrs we got, particularly
those concerning the molecular weight. Therefore, I will discuss only

Umpublished daza,
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our main discrepancy, namely, our different interpretation and proposed
model for the mugoprotein molecule,

Fremont-Smith: What did you start with?

Bernardi: Bovine nasal septum cartilage. The mucoprotein was ex-
tracted with 30 per cent potassium chloride. After dialysis against
running tap water and precipitation with two volumes of ethanol in
the presence of potassiom acctate, the preparation was dried with
ethanol and ether and dissalved in M/15 sphate buffer of pH 7.0.
Al this point the selution was centrifuged for 2 houss at 40,000 rpm, m
order to get tid of 2 component with higher sedimentation constant,
The vield was very low, 0.36 per cent of the orginal wet cartilage.

Marhews and Lozaityte (12) proposed for their mucoprotein a rod-
like basic molecular unit in which 62 wnits of chondroitin sulkate are
Jdisteibuted ilﬂng 1 protein core 3700 mp. long. This was pl'l:l-pﬂied
mainly on the basis of their indings after hyaluronidase treatment.
Bt after this enzymatic treatment, they still pot some 15 per cent poly-
saccharide in their preparation,

T am afraid there is no sound basis for the rod model proposed by
Mathews and Lozaityte. Indeed, light-scattering does not give an un-

uivacal answer for the model in the case of polydisperse systems (20),
A good indication for a polydisperse system of sods can be obtained from
:.in:arning birefringence. lfnfurl:una.b:lf, the streaming birtfrin_g;:nlte of
mucopiotein solutions is very low {16,17) and probably only due to
deformation with shear. The very low shear dependence found by
Mathews in the viscosity measurements is in agreement with this. Dr.
Follis, will you tell us about the diameter of the particles in the mwco-
protein fraction of your preparation

Fallis: It is possible to get different sizes, depending on how muco-
protein solution is put on the grid, so that [ think this is of not much
use, either. If 1t is sprayed on in very fine droplets, one size will be
ohtained, but if a big drop is put on and allowed to dry, an entirely
different picture will result. There will be all sorts of peculiar strands
which, I am sure, are artifacts. Are there any methods? What about
x-ray diffraction, as was mentioned earlier ?

Mever: In cartilage, I would say that there is more than 20 per cent
of mucaprotein or chondroitin sulfate. What hgure would you give,
Dr. Schubert #

Schabers: It 1s close to 40 per cent in the nasal cartilage, Let us decide
what we are talking about. You are talking about the chondrontin sulfate
of nasal cartilage ?

Meyer: Yes,
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Schubers: That would be about 40 per cent. The mucoprotein con-
tent will be about S0 or 9% per cent.

Meyer: Anyhow, if the electron microscope pictures which we have
aeen v;nueslmnd to reality, them, at least in rp-iph}'sml cartilage, the
protein complexes of the sulfated polysacchandes are somehow criented
on the collagen fibers or bundles.

Studies on w-ray diffraction of cactilage have been done i ] T
Randall's laboratary (Dept. of Physics, King's College, London, Lng-
land} and they have only shown the collagen patteen, One would
cxpect a regular structure such as proposed by Mathews to show some
evidence of crystallinity,

Another uncertainty in the data of Mathews (12) appears to me to
he the molecular weight of the protein complex. The minimum molec-
ular weight is based on the methionine value as the lowest amino acid.
This value by paper chromatography has been estimated as 0.18 gm. /-
100 pm. of complex. There must be considerable margin of error in
this estimation. In fact, an amino acid in such low concentration may
helong to a protein impurity. In a recent article (13) on the peotein
complex of chondraitin sulfate, methicnine was oot ound among the
aming acids. 1 would like to suggest that the protein complex is some-
thing like a glass of a globular prorein which bridges chondroitin sul-
tate chains in irregular random fashion.

Daorfsae: 1 think we are getbing off ¢n to a lot of theory about a
tazrly simple thing. It is ible to obtain a complex with a minimum
molecular weight of 4,000,000 that has side chains of chondmitin sul-
fate, that has a high protein, and that is highly asymmetric. You may
then try to draw a physical picture on the basis of the known facts.
Revond that, you may want to draw your own pictures whichever way
looks better to you—a little globule stuck together in a line or a long
chain, I do not think anybody realistically wiould think of this as being
i !:q_-rEm:tl].' ’iﬂid o, That would ke inconsistent with what we know
about protein structure. It might be an extended protein, This is pos-
sible rather than thinking of it as a curtain rod sticking through the
middle that is absolutely rigid. Nobeody really means that.

Bernardi; 1do not think you can conclude anything like that on that
hasis. In this connection 1 should like to recall what | found (19) by
rreating my preparation with trypsin and chymotrypsin. The weight
verage molecular weight determined by light-scartering fell from
000,000 to 200000, Of course, this 15 not the molecular weight of
“hondroitin sulfate, and T am quoting this result to show how dangerous
it is to rely only on a light-scattering measurement after enzymatic
treatment.
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Darfman: Did you also do csmobic pressure molecular weights on
thar material after treatment with trypiin?

Bernardiz Ma.

Dosfran: Becanse, you see, if you have a very small contamination
with some undigested material, the light-scattering malecalar weight
is raised teemendously. If you do osmotic pressure measurement. then
you can estimate what that would be. You may actually have had
mastly $0,000 matenal,

Catebpole: T would like to go back to Dr. Follis's presentation and,

chaps, try to link it up with some work that Dr, Schobest has done.

r. Follis, you presented, in Figures 7 and 8, 2 PAS stain with which
you intended to show glycogen, of course, and the matnx was quite
heavily stained in that scetion. Without getting into what 1 know is an
old argument about PAS, T was just wondering whether Dr. Schubert's
chondroitin sulfate or his chondroitin sulfate-protein complex does
give 34 positive PAS or does not, bocause, of course, you were trying to
identify your marerial with Dr. Schubert's, and did it only on the basis
of metachramasia and alcian blue,

Foilis: This material does give a positive reaction with PAS.

Scbubers: We have worked with the periodic acid, not PAS, and
vears ago we found what many others found, including Dr. Jeanloz,
that chondroitin sulfare reacts very slowly with periodic acid. In the
work we did in the course of 4 days, one mol of perindate is taken up
per period of chondroitin salfate. It s a very slow reaction. The usunzl
PAS stamn 15 run in a few minutes.

We have been working recently with the material that is left after
extraction of mucoprotein; this contains a considerable amount of hexo-
samine and material that we will refer to now as simply carbohydeate;
1 am not even sare that it is polysaccharide. This stains much more
rapidly than chondroitin sulfate, and it is not glycogen. [t reduces
p:criml:t:' much more rapid_lj.-. I think, therefore, there 1s another carbo-
hydrate material present in the cow nasal cartilage that is mace likely
tor give the PAS stain than chondroitin sulfate or mucoprotein, What
this is, [ am not prepared to say, but it contains hexosamine.

Jeanfoz: Many years ago, we were interested in the PAS staining of
mucopolysaccharides (21). D Schubert had mentioned in & private
conversation the possibilities of plycoproteins’ being a contarminant of
preparations of ondroitin sulfate and we felr that impure prepara-
tons of hyaluronic acid would contain the same contaminant. Cur
smpure hyaluronic acid gave a very positive reaction with the PAS
stain, whereas after purincation it did not react. We tested a series of
carhohydrate-containing proteins and found that, based on the carbo-
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wdrate content. a-acid glycoprotemn (orosomucoid) was 10 to 100
simes more reactive than glycogen. If we could measure quantitatively
che PAS stain, we would like to correlate its intensity with the amount
I neuraminic acid (sialic acid) in glycoprotein, since it is known that
chis acid is oxidized extremely f2st by the periodate won. For quite some
nme glycoproteins have been recognized as the reactive sabstances with
PAS in tissues whereas hyaluronic acid and chondroitin sulfate are
cgative, as shown in D, Leblond's laboratory {22).

Meyer: Does anybody here know whether aqueows extracts of carti-
age or the residue give reactions for sialic acid ?

Schabers: We have never found any sialic acid. It is interesting that
the material that rapidly reduces the periodate remaining in the carti-
age residue is not readily extractable with water. It is very hard o get
I,

Meyer: We have not done staining reactions in tissue sections, but
s have used Penu:;lu; acid to spot the }':-:-I}rsit_:haudcs on paper. Hya-
wrenie acid and choncdrottin selfate A, B, and C do not react in this

cest with periodic acid. However, kerato sulfate doss show up with
seriodic acid on paper.

Grydrgy: Does it contain sialic agd?

Meper: No. It 15 a polymer of unknown structure, consisting of
W-acerylglucosamine, galactose, and sulfate in equimolar amounts which
s present in rib cartilage ac least in quite large concentrations, in fact,
i shockingly high concentrations in normal costal cartilage of adults.

Grargy: Why do you say “shocking™ ?

Meyer: We had missed it and so probably have others. It was, to us,

rarher um:rP-:‘:r:l'l;‘:l:I

Lorronr's NoTe: D Meyer would like to add the following “after-
-hought'™ to hus remacks at the conference:
W'e have now found that the fractions isolated from rib cartilage
contained over 2 ]I)I:I! cent methylpentose caloulated as fucose, Whether

or nob the methylpentose is present as a constituent of kerato sulfate
will have to be determined.

Bernardi: Figure 22 18 an electron micrograph of a mixtuere of muco-
-ratein and chondroitin sulfate from horse nasal septum cartilage ®
The pnepararim1 was made Enllnwing D, Schubert’'s method {23} hut
withour using any thorough kaclin treatment. What we found were
regular filaments without any evident structure or p:n-;:n:llr.ln many
-housands of A units long, and prohably formed by lateral and /o
-nid-to-end aggregation of mucoprotein and polysaccharide molecules.

Bernardi, G, Cessi, C., aml Gotte, T Uapablished resisles
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Fiiire 220 Electron miceegraph of & mucopretein-chondroitin-sulfate mixtaze
obsained from hyaline cortilage. ©.75x10-3 gm./ml in distilled water. Mag.
nification A0, 00 Shadowing with e MANGInIne ar 20 degress

Foilis: About 10 years ago Gross (24} published an electron micro.
graph of hyalugonic acid, in which he pictured ir as long filaments, but
1 do not think he meant to sugpest thar this was a representation of
it in life. He told us recently that this could he interpreted entirely as
some soit of artifact

In studying our material, as [ have indicared. if we put it on as a
spray, we get filaments around the periphery of the drop, and then we
get great blobs in the middle. T have no way of mdging whether either
one of these represents the way it looks in natyre,

Berniardi: The same picture was ohtained with nucleic acid, so very
probably it 15 an artifact; blobs and filaments are coaming out.

Drorfman: 1 might point out, Dr, Bernardi, in vour model, if yio
had that kind of chain arrangement when you treated with hyaluroni-
dase, you would break the chain, and the molecule would have o fall
apart. It does not do that.

Bernarde: Yes, but what I said before is that this is a system where
there is neither complete eneymatic breakdown nor aksence of inter.
actions between the residual macromolecules.
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trauble on the paper strips and could not duplicate our original results.

We checked for glucosamine and galactosamine with Gardell's pro-
cedure and found cut that we definitely had no galactosaming and that
gIUE{IﬂIJTLi.I:IE wWas QU Amino SLLgAr. The accuracy of the determination
was =§ per cent.

The uronic acid was determined by Tracey's {57) method, liberation
of COa followed by manometric determination.

The MN-acetyl and C-acetyl are things which we cannot explain, This
involved hydrolysis with toluene sulfonic acid. We did not expect o
find any N-acetyl. The samples, having been prepared as they were,
should not contain any free acetate. IF there had been acetabe present,
this should have been removed on passage through the strong base,
strong acld monobed, But there iris, In the case of phosphorous, free
amino-nitregen, N- and C-methyl, we had nothing at all.

The ratations are even more strongly positive than heparin, which
gave us & rotation of -+47°, This is the sodium salt. 1 think that your
Barium salts are 4=47.5°, Dr. Walfrom, but macein A and B were 4+=71°
and 617 respectively.

The glucuronic acid was determined by paper chromatography, by
the method of Fischer and Diefel (58). Speaking of weak links, this
is the only evidence we have for glucuronic acid, but, as it is, it checks
very well.

Dorfras: How did you hydrolyze it?

Barson; For the paper strips, we used two procedures: 1 normal
hydrochloric acid for 3 hours, and 3 normal hydrochloric acid far 1 houwr.
With bath of these procedures, we got the spot which coincided with the
glucuronic acid spot. [ must say that it is much easier to see Elut‘usum:mi:
on these paper stoips than it is glucurenic acid, in cur experience. Our
glucosamine, in addition ta being spotted, was isolared, We gor no ana-
lytical elementary analysis, but the rotation checked with glucosamine.

Tigure 40 is the infrared curve to which Dr. Bemardi referred earlier.
There are really no gross diffcrences between heparin or either of the
two mactins, Do you have a comment about this, Dr. Bernardi? This,
the peak at 890 cm.™, 15 what has bothered Dr. Bernardi, T think,
because this indicates the S-configuration,

Bernardi: Yes, according to the results obtained by DBacker & af.
{59} in Birmingham.

Haman: They obtained their results on crystalline compound, and
I do not think that is comparable.

Bernardi: They obtained the same results working with polysac-
charides.
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et

Hoffaans: T do not believe they worked with amorphous material.
Bevuardi: | doubt that the polysaccharides they used were crystalline.
Kabar: Not crystalline,

Heideltberger: Yes. We tried numerous polysaccharides in Birming-
ham, and gor o-peaks when o was indwated, and B-peaks when
& waus inchicated.

Heflman: On amorphous mategial ?

Hefﬁfff.ém'ﬁer; es,

Kabar: They found the a-peaks in dextran, too.

Heidelberger: And @-peaks in the Tyvpe X1V pneumococcus poly-
saccharide,
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urve Compound ¢ ik imet (mac) (x105)

A Mactin A (41 8580 -164
B Mactin B 165  &012 -162
L Heparin 46 13100 <1&.0

IL I

iveE 42, Electrophoretic patterns {ascending) Reprinted, by pormission,

m Burson, 5. L., ., Fahrenbach, M. ]., Frommbagen, L. H, Rigcards, B. A

srovn, . AL, Biog klr'l.m T A [.A'.'-'l-l] H. ¥, and Stoksvad, E. L. B Isolation

rid Funh-u on of macting, heparin-like anticoagulants from molloseca. [, A
i. Yor. T, 5874 (180500

srystalline barium salt is something of the order of 160 or so, wsually.

Wolfrom: T‘m is high., Our p:e*‘nam:mns ran 110 to 120 (harium
wid salt basis) with an extrapolated value of 190 {mdlum salt basis),
15 | have moted earlier in the discussion

Burson: This heparin, as far as 1 know, was the product just as it
e off the assembly line.

Table XXX brings us still further into Dr. Brown's realm. T am not
.|ui|1|']{‘t] at all to discuss this, The sedimentation constants and dif
fusion comstants in the specibc volume were wsed to determine average
mizlecular “"i"EE* 4 ot r]'u{- Pwa mackng and our cormmergial l--:-p LCEr,
Chis particular commercial heparin does not compare; there s a dis
crepancy between  this 14,000 and the minimum 20,000 that Dr.
Wolfrom referred to. Using the same procedure, both macting were
considerably larger than the heparin sample.

Bernardi: 1 am afraid that the molecular weight obtained by s=di-
mentation and diffusion daka is not a weight aveérage molecular weight
as indicated in yvour table.

Basrinie: DI Dlll.'.l".'i-"" i ||i1 ;.!hl.'u‘i‘iil.‘.lr'l‘-'. '|-'-i|i'l s J'J'll.;.'.'l.:ll_l;_'l_! l;:]'l_l_' :|._
preferred a weight average malecular weight to 2 number aver e,
Another thing which he pointed to, to indicate the het erogeneity or
hemogeneity of these compounds, was the standard deviation of the
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ntained in the kappa fraction. The other fraction, called the lambda
‘raction, which is a catchall fraction, is composed entirely of p-galactose
inits, which are linked alpha 1.3.

Epitor's NoTe: Dr. Bernardi would like to add the following
afterthought” to his remarks at the Conference:

The Kappa fraction of crrageenan was so named by Smith and Cook
{12} becauss of its sensitivity to potassium salts, = phenomenon later
explained by Bayley (13). Ti: jambda was chosen just because it was
the following letter in the Greek alphabet.

Stalafl: The gelling property of the carrageenans appears to reside in
he kappa component, which, except for the complexing effect with milk
and methylene blue, is very similar to the mapor component of the
gelans. The lambda component of carrageenan has no gel-forming
properties by itself, but does possess some gelling properties in the
presence of the kappa fraction. You do not get a complete addition of
el properties, but there is an increase in gel properties beyond that
expected from just u diluting effect.

The proportion of kappa to lambda components of carrageenan is
reported as approxim ately 3 o 2

Spromger: How do you homogenize kappa and lambda ? 1s possible
to subfractionate each subfraction again? Can you do this with your
lambda and kappa fractions?

Stoloff: We have done very little work on the separation. Most of
the work on separation has been done by the Natinna?ﬂesmxh Council
in Halifax, Nova Scotia (14,15%,16). The fractions are certainly not
homaogeneous with regard to size. They are homogeneous with regard
o composition,

Bernardi: O'Neill in Halifax made a chemical study on kappa carra-
geenan (17,18) and arrived at a formula which is different from that
given by you, Yours is a simplified formula, is it not?

Stofoff: This is a simplified version of what O'Neill has. O'Nell
suggested a single unit side chain, and suggested another sulfate, but 1
do not entirely agree with him. I suspect that they are on their primarily
as a bookkeeping procedure—to balance the books. The physical
properties do not indicate a side chain, and 1 do not think it likely that
there will be two sulfates on ane hexose unit.

Springer; You must postulate that in the fucoidin molecule there
are two sulfates on every fifth pyranose unit. Otherwise, not all of the
sulfates are accounted for.

Stafaff: 1 think that the analytical procedures for sulfate are suspect,
and until the controversy with regard to sulfate determination has been



