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| s, the cellular function of the maltl-
| cellular' organlsm carmot be understood fully
without complate kmowledge of the structure
: ard function of the (extracellular) matrix."

Endre A, les.zs1

- INTRODUCTTON

A. General Considerations of Molecular Architecture -

- Our universe exhibits a unity which extends to all ocbservable
'phenomsna, and allows us to confidently propose the structure of the
hydrogen.molecule as the basis for a code to communicate Wlth in-
telligent beings anywhere within it. 7This unity is expressed
nowhere more dramatically than in the world of living things, where
all of' the physical laws are obeyed and a continuous spectrun of molec—
 ular evolution sxists. A corpardson of pI’Ot"ln from -diff‘erent andmals
- shows amazing sjjniiarities in the amino acid sequences of molecules
engaged in similar functions (i;e._the oxygen carrying molecules,
pitultary hormones, and varieﬁs inst,tl:'ms):.uL The more closely related .
the two'snjnmls, the more similar the preteins are. The distinction
'betwe_érl two speeies is primsrily based on macros¢opically observable
differences in shape and pigmentation, which we expeét to be caused
hy molecular _variat.ion at the site. Differences in behevior are usually
congideraed an adaptation to the environment and in lleu of shape and
plgment differences are seldom sufficient for the discriminaticn into
a new specles or subspecles. Examinatlion of bioleogleal structure
reveals a heirarchy .of levels of organization from the small to the

large and the simple to the complex. 1In cotton, for example, the



_brganization;isnpentafid:-_glucose'mcieculg, fibril, micrgfibril;
macrofibril, and cotton ha1r32 | |
Everything should be ultlmately explalnable in terms of the
camponents of which it i1s composed. In the animal kingdom well over
ninety—five percent.of all recogriized species are invertebrates, a
E | distinction based on connectiﬁe tissue, thoﬁgh most of our efforts

have been dlrected towards vertebrates for reasons of convenlence

and closencss to man. Investlgation of the various uhemlcalu which

make up plants and animals has been diverse, allowing us to get a
‘general picture of what molecules to expect at each stage of the

evelutionary progression, but for no animal is the information ccmplete,

and for invertebrates the information 1s particularly sketchy. Tt

would be corwvenient o have certain animals and plants completely

Ea.
|
]

known chemdeally, so that biological molecules subsequently discovered

could be compared to these standards. Velells lata may be a candidate

for such a standard, having a nurber of unique advantages. It occurs
in the evolutionary chain at that point where a true multicellular

animal begins, and it is the simplest animal from which genetically

USRS W

determined intermal structural material is conyeniently iSolated and
| purified.

| In plants the commective tissue is consideréd to be almost en~
tirely carbchydrate polymer and in vertebrates the comnective tissue
is considered to be almost entirely protein (aminc acid polymer),
while-many invertebrates have almost an even mixture of protein-

carbohydrate in an unknown relationship. Velella presents an oppor-




| itunity to examine closely the nature of the protein and 1ts relation-
‘ ship to the carbchydrate.
The carbohydrate of various invertebrate connective tissue matrices.
"has been extensively studied and the structure and linkages reasonably -
wellldefined. Some gquestions remalin regarding the length of the
smallest oligosaccaride and the manner in which these are.boilt up
- into_higher levels of organization. Inorganic material'(primarily_
in the'fofm of calcium), 1ipid in small amounts, and moisture are also
" present in_the invertebrate matrix, While caloium is generally con-~
__sidered to be in the form of the carbonate, the possibility that it is
‘-not all in this form aﬁeits investigation, and the recent report that
sillcon is essential in the formation of chick commective tissue is
i interestiné;.5 -Lipids are not a‘major comporent in comective tissues
7 studied to date, and this is true of Velella also. This does riot
preclvde however, the ﬁOSsibility Lhat lipids may-play samne role in
the formation of membrane—like sheets which are Observed in the 1anh
inations of various molluskaarthropod matriees. Velella offers an

opportunity to examine invertebrate comnective tissue in an intense

way to gain an understending of the morphology and developmental

dynamics which hopefully would be extensible to the vertebrate matrix.

B. Comonents of Connectlve Tissue

The present picture of blological activity indicates that_all
events originate in the genetic code of phosphate~sugar polymers in
the cell rucleus. The code is apparently only for proteins, to the
_ 3 exclusion of lipids, carbohydrates and other ﬁonwprotein molecules.

The most obvicus visible expression of this genetic code is shape




polymerization, crystallization) 18 a common phencmenon of cellulose;

‘:‘...:!.‘;&J_A—“ B A

.-ahd pigmentations and the presence of non~protein molecules

" in the matrix lesves & gap in our understanding. The mediation of

proteinsz(especially as enzymes) 1n specles-specific events is obServed

in the bilosynthesis of matrix precursors and is expected to determine

In some fashion the final‘products, Self-assenbly (aggregation,

32
17,18

Cchitin,? ard collage%,’uuthe matrix'matérials of widest dlistribution.

The self;assembly of both intracellular and extracellular "organelles"
1s receiving increasing attention. Only two or three "forms" df

chitin are organized into a great variety of shapes, and one is fempted
to éncounﬁ-for this anomaly in terms of an attached protein meiety.

Can the extracellular self-assembly of specific macromolecules account

entirely for the specificity of the matrix? To what extent is the

'_ adjacent cell layer a factor? Cell surface protelns are Involved

29,47

in the aggregation of dissociated cells and gpecific carbonydrates

29

- are identified with thetirregularities exhibited by neéplastic cellss” .

. - 27,36
Glycoproteins are commonly isolated from matrix materials.7’38ure1y
these facts are related in scme way. The golgl apparatus apparently
functions to synthesize or organize these proteln-carbohydrate com—

38,56

plexes and this suggests a pathway between DNA ahd final shape.
If this seguence 1s generally acéurate it should be possible to define
in detall the reactions involved and demonstrate the presence of

the necessary intermediates and enzymes. Velells appears to be an
animal sufficiently simple to faciiitate this, yet complete enough

to illustrate the generality of the scheme; a solid matrix is present

without problems of isolation and purification. The related "probein"



- chain.

. may be polymerized and Branched”in an 1nrricaté_way (e.g. by disulfide

and &€ -lysine crosslinks) so that what we concelve as an individual
amino acid polymer becomes a monomer &t a hilgher level of organization.

Tt 1s thus of Interest to examine in detail the Invertebrate matrix

'proteins, of which resilin, arthropodin and sclerotin have so far been

isolated ard studied.  The protein from Velella lata float, which
may be called "velatin", can now be added for comparison. The sequenc-
ing of these structural proteins may reveal the phylogenetic progression

we have learmned to expect.

C. The Tnivestigation of Chitin

The history and occurrence of chitin have been récently’reviewed%g

The identification of the carbohydrate molety as the By 134 1inked

polymer of H-acetylglucosamine seems well established?S’uo Not all

of the pesks in the ir.specﬁrum‘have been identified,35 but the absorption
at 891F 7 an! is chavacteristic of the beta lirkage.3? The purest
form was found in the internal skeleton of the squid.’® Chitin was

found to glve three distinct x-ray diffraction patterns which were
designated zlpha, beta and gamma. Beta and gamma were Convertibie
into.a.lpha%B’l9 The beta form was interpreted to indicate the mono-
hydrate, with the water molecule bound betWeen the C;B of’ one N~
acetylglucesaminyl unit and an hydroxymethyl group in an adjacent

10

Elemental analyses have not settled the degree of acetylation.

However, Hunt found no free amino groups using dinitrophenylation.lg

The aggregaetlion of chitin with various peptides and amino acids in



‘golution was studied and the complexes formed were found to be sensitive

to ionic strength and pH, completely dissociating above pH'9;17

The generai oocurfence-of-a protéin moiety tightly associated with-
éhitin has been foundlahd-studied in attempts ﬁo identify the nature
of the linkage and the amino acld(s) rvolved. ™ Asparagine and
histidine were found stlll assoclated after 60 hr inilN NaOH at110000,18
and chitin dissolved in saturated lithium thiocyanate contained protein

13

wheﬁ reprecipitated by the addition of acetone.' Several studies
indicated that the carbohydrate-protein 1inkages identified so far
Invariably involve the anomeric carbon of the'carbohydrate.lg

The oligosaccharide length has been studied in depth?’u’uo ' Column
chromatography of acid hydrolysatés_separated the first SeQQn hcmﬁlogous
oligosaccharides.2 Polarized 1r evidence supports xmzay.gowder diagrams
wrilch gawe~aﬁrepe£ﬁ dist&nce~of 41 K-for~the axial directlon, corfes—
ponding o eight N-acetylglucosamingl units%2

eray.powﬁer diagrams were interpreted to lndicate that thé chains
are oriented so that adjacent chains are in the same diréction,'but
that alternate pairs of chains are oriented in the opposite difection'.6
This interpretaticn was supported by polarized ir work which showed
a lack of free OH and NH groups and no C=C-+HO bonding.! A structure
oceurred in the ﬁowder diggrams from a vériety of alpha and beta |
chitins at repeat distances of 31 i, corresponding to six monomers%g
This repest survived boliling in benzene for 10 hrs. Electron micro-

graphs seemed to show a regular hexagonal array of carbchydrate sur-

rounded by p1°a::>te:hr1.u2 Gamma chitin showed the repeat of N 3 and was
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- lysinenorleucine (two 1;31neb condensed) has been suggested,

-'whlch were isolated from an. acld hydrolysate of elastln

_in;erpreted to.indiqate a.slighplyrdifferentrspatial array, and
removal of tﬁe protein gave the usual alpha éhitin pattern after
‘spontanecus aggréagation.a2 |

~ There are simllarities between collagen and chitin. Invertebrate
collagens high (10-154) in carbohydrates™C and hydroxylysine linkages”
have been found. A glycoprotein is reported to be always linked to
collaggéﬂgZd.protects it from collagenase in the same way that the
' ' 22,36,52

proteln of chitin protects it from chitinase and chitoblase.

Lysine has been implicated in many of these papers, especially in its

--ablllty to conbine with itself to form a crossllnk A deaminated

crosslink has been pr=01:>ose<i£,:LlJr and the precursor of such a crossllnk

(alpha~amino—adipiC'acid—deitarsemialdehyde; an a8l1dol condensation

product) has been found in tropocbllagen.ds & lysine tie using

14 and

four lysines were fourﬁ to combine into desmosine and 1sodesmosine,

(14,34 Flastin

“contains a ]arge amoant of lysine, 13, h9 A macromoleculp 1dentified

as glucosylgalactosylhydroxylysine is reported Mwidely distributed

throughout the animal kingdom as the cafbohydrate moiety of collag;en."gl4

The present study supplements many of these findings in an interesting

way

D. Velella lata

The full systematic identification of Velella lata is given in

the Appendix (Tables 8,9). It.is a coelenterate (Order hydroida)



which oceurs inm the Pacific Ocean as the pelagic ;-freeafloatj:rig--medusa
- (figure 1).23 It is generally considered to be & colony of polyps
(cup-like ftwﬂs).go It appears aé a small (3-5 om)-pigmented Jjellyfish
and has the common names ﬁpﬁrple saillor" and "by-the-wind sailor"”.
Velella is rarely found in the intertidal region but onshore stonms' _
often sweep the surface;dwelling animals onto the beaches of N. Califorhia-
and Oregori, and the dried floats are sometimes found in rows several
inches thick along the Beach for mlles. Masses of Velella have been
repbrted et sea-to-extehd for 260 km.23 References for the complete
dstribution were not found, but world—Wide ten Species.are_known.23
Porpita is a closely related animal also having a disé—shaped float,
.but without the vertical "sail" component. The orientation of the
sall 1s 40° to the ﬁind (identical to Physalia...the Portugeée man—;
of-war) and 1s the sole means of transportation. The survival value
~of this structure may'be_inferred‘fromﬁthe discovery of_Velella fleoats

in rocks dated 450 million years old.g’lg

The occurrence of solid
structural material in the lower animals is rare and the presence
of the invertebrate analogue of bone in a "jellyfish" is strange

indeed. Invertebrates commenly exhiblt what is generally termed

an "exoskeleton", while Velella lata has a "float" (figure 2,3) which

1s completely internal. The formation has been viewed as an exo-
skeleton formed internally by a folding over and inward of the eXternal
cell layer. The float material aslfound on the beach is a light tan
or dull white, turning yellow in the sun. The yellowing is associated

with the proteln moiety and when 1f is removed the carbohydrate is a
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clear dull white. The untreated float glves a negative Molisch test
"for carbbhyératé; ‘The float from”fbfmalinpréséfved specimens separates

~easily fram the fleshy tissue much like a foot from a shoe, with no

apparent commection to the adjacent cell layers. Careful examination -
did not'reveal any_qonnection to the fleshy tiésue, nor.any associated
membrane éystems.' The float material seems £o be laid down in 1ayeré
in é cyclical manner. The edges of the float are extended by an in-
crease In thé dlameter of the muscle~like peripheral.tissue, which
Hyman states is contractile.go Examination of floats separated from

fbrﬂalinwtreated specimens revealed that the float 1s constructed

. by the laying down of flat sheets of material, each slightly larger

than the last, resulting in a concentrically symmetrical structure
with concentric lines where the overlap between layers occurs (figwre 1),

The formalin-treated float material readily "peels" apart like an onion,.

- revealing the identical, though smaller, float bheneazth 1t. The layers

of"the vertical component are continuous with those of the horizontal
component so that the synthetic activity of the éhtire cell iayer |
secms coordinated. The horizontal component differs from the vertical
ih?that it.contains monolayered septa which result from the flat

surface of the horizontal marginal groove (figufe b). The vertical

edge is sharp; and apparently the fldat is bilaminar along the ver-

tical ridge, although these layers could rnct be separated (figure 4).

It appears that the entire adjacent cell layer is engaged in synthesizing

float material subunits and these then spontaneously orient (self-

assemble?) themselives into the flat sheets which adhere smocthly



- zation of light energy for the blosynthesis of carbohydrate polymers.

10

- to. the previous layer (figure 10). Growth apparently involves & .

~eycle of mitosis-synthesis, which may be circadian. Such 1light-

reiated phenomena. have. been reported in_the biosynthesis of CEitin'r

in an anthroped Skeleton?o The ubiquitious distribution df a purple
plgment in invertebrates suggests the.possibility of’ an‘enefgy~tfappihg.
system such as occufs associated &ith-the green chlorophyll pigmént |
of plants. Photosynthesis is éometmes defined as the direct ubili-

51

Since chitin is a carbohydrate, might not.such a system be suspected?

19

Enzymes in a suggested carbohydrate blosynthetic pathway ™ are in-

~directly light sensltive (by .their ATP requirements) and aequorin,

 a calelum-specific protein which occurs in other jellyfish, bicluminesces

. PPN 11 .
in the presence of free caleium - also a component of the matrix.

The flcat is central to all cf these questicns and its chemical gnalysis

- forms the basis of the present study.
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EXPERIMENTAL
Preface
- Welghts were taken on a Mettler analytical balance (t.ype H15)

provided with silica gel desiccant in the weighing chamber. Crucibles

and glassware used in weight determinations Were'pre-rinsed in a HESOM

. mixture. A1l glassware was cleaned by washing with detergent, rinsing

with distilled water and wlth an acetone/methancl m_ixture and dried

at 110°C in the oven for &t least ten minutes. Welghts were taken
after the crucibles and glassware had cooled to constant weight in
the welghing chamber. Infrared spectra were taken on a Perkin-Elmer

337 spectrophotometer, on Kbr pellets at a concerlt_ratioh of 1-2mg/

100 mg KBr. Aminc acid analyses were carried out on .a Blo-cal 201

fmino Acld Analyzer, using the single column technique. Tle was carried
out on glass plates coé.t'ed:with silica gel G and GF (2:1) by developing
in one of two solvent systems: '

System #1; CHCl,, MeOH, EtOH (90/5/5')_

-3

. System #2; n-propancl, ethyl acetate, NHLIOH (25%) , H,0 (80/10/10/30)
Spots were. visualized by spraying with H?SOM (10% in MeOH) and charring
in an oven &t 125--150°C, Elemental analyses'\ were done by Microanaly-

tisches Laboratorium Beller, Gi)'ttingen, Germany. Melting points were

determined on a Thomas-Hoover "Unimelt" apparatus and are uncorrected.

In vacuo means less than 0.1 mm Hg unless otherwise specified. "Wig-

I-Bug" is made by Crescent Dental Manufacturing Co., Chilcago, Illinois.

* The words "float" and "float material" are used interchangeably and

refer to the entire float without distinction between the vertical and
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hopizonta]_.__ct_nn@onepts_._ The material descr_;j.be'd is that which 1s easily

separable from the intact animal and survives washing with water.



 EXPERIMENTAI PROCEDURE
' " PART A

" Determination of Molsture Content

- Whele Float

Oveq_CaClQﬂ Approximately 2 g'of diced float material were carefully
washed in'tap water and dilute HC1 (IN) to free it of sand and extraneous
material. After being rinsed in distilled water until neutral, the

float material was allowed to dry in air until the welght was constant.

In a crucible the float material (1.8696 g) was then placed in a con-

stant femperature desicdator_over CaCl2 at A0°C at less than 0.1 mm Hg.

I'wo days later the material was allowed to cool to room temperature

and was quickly weighed. The loss of weight (0.1927 g) Wag 10.30%

of the weight of the flcat material before drying.

Over PO Whole float meterial (0.918%4 g) which had been diced,

washed and dried in gir as above, was placed in a test tube (constant

‘welght), and dried over P205 at 65°C and less than 0.1 mm Hg. After

67 hrs the float materdal was weighed at room temperature (0.7851 g).
The 10Ss of weight (0.1333 g) was 14.5% of the weight of the float

aaterial befors drying.



4

KOH Treated Tloat Mater‘ial

.Over P2 O Approximately 0.1 g of float material which had been freed

of proteln by ‘the Rudall method (IN KOH at 100°C for' 24 hr) washed

in distilled water u:_m:il neutr'_al, and dried in the lab atmOSpher*e to

 constart weight, was added to one _v:l'_'al. After weighing.;--, three vials

© wlth float materiel were dried over PO at 65°C and less than 0.1 m

Hg. After 75 hr heating, the f‘loat-material was allowed to cool to

. room témperature in the drying pistol. After the material was removed,

it was quickly welghed. The welght loss of each vial, calculated as

a percentage of the welght of the float material was: #1 - 14.14%;

#2 - 11.10%; #3 - 15.3%.

Resorption of Moisture by KOH Treated Float Materlal. Vials #2 and #3

were covered with sluminum foll wilth small holes and kept In the lab

gtmosphere. The vials were weighed pericdicalily:

Time in air o Resorbed water (% of or.iginalfloss)
Vial #2 Vial #3
4 hr 50.5% 38.6%
.10 hr 70.5% T4.1%
79 hr 78.5% 81.5%

The two vials were then redried over -P205 in vacuo at 65°C as before
for 46 hr. After cooling to room temperature, the weights were
the same as on the previous drying. ' Again the two viasls were allowed '

to stand in .the lab atmosphere as before and the welghts periodically

taken:
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Time in air Resorbed water (% of original loss)
S Vial 2. Vial #3
ol hr o T5.8 - 17.0%
b pr o e 83.37 85.0%
82 nr A 82.0% 83.8%

32 days : 106.0% 104,07

A graph of the resorption data was prepared (figure 5), which

indicated non-linear resorption.

SUmary

Loss on drying of whole float material

Over CaCl,, 48 hr, 60°C in vacuo 10.3%
 Over P05, 67 b, 65°C in vacuo 14,
Loss on drying of KOH treated float material _

. Over PO, 75 hr, 65°C, in vacuo . 1.1
| | - 1
15.3%
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EXPERTMENTAL PROCEDURE
PART B

Determination of Inorganic Content

-Material Extr_acted From Whole Float Materdial With Water. Whole float

_-material-which was c¢ollected from the beach‘was washed with vigorous
. shalkdng in distilled water only. The water extract was suction fil-

 tered and evapofated in a Nickel crucible (heating gently over a bunsen

burner) to give 0.2146 g of residue. After ashing over a Meker burner

the residue was weighed again (0.1483 g; 69.0% of the dry residue).

'Cleéh crab shell which had been ground to a powder and treated

1n-a mermer similar to the float material gave 72.4%.

- Whole Float Material

Sand Content. Tloat material was washed in distilled water, followed -

by decantation of the suspended float material to separate out sand.

This process was repeated for a prolonged period, interspersed with

- manual separation of any wood or other extraneous material. Very

fhorough washing did not remove sand which was found to be trapped
within the float structuvre. The float méterial was alr dried on
aluminum foil. The weighed dry [loat material was placed in é constant
weight crucible, ashed to whiteness and the ash residue was determined.
The results of several determinations, expressed as a percentage of the

weight of the washed float material, were: 2.8%, 3.0%, 3.7%. If

sand was trapped higher percentages up to 14% could be found,
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Float Material Exfensively Washed in Distilled Water. Float material,

extensively.washed in distilled water, was cleaned and selected to be'
free of_visiblé sand grains, Itrwasfshaken ina separatory funnel with
distilled water, and sand was removed through the stopcock. After

blending with distilled water, in a Waring blender, the procedure

‘was repeated. Finally, the material was.éir dried and placed in.a

platinum crucible (0.8532 g). The crucible with float material was

put into a muffle furnace at 110°C for 15 nﬁnutes, after which the

temperatﬁre was increased to 450°C for 2 hr. After allowlng to cool

" to room temperature, the ash WEighed 0.0071 g (0.83% of the weight

of the washed and dried float material).

The crucible and ash were retﬁrned to the muffle furnace for 1
hr gt 550°C and cooled to room temperaﬁure. The residue {0.0045 g),
expressed as a percentage of the weight of the washed and dried float.
material, was 0.526%. . | | |

The residue was'transferréd with conc 'HNO3 (20 ml), %o a platinum

crucible. The solution was heated in the crucible to dryneés, allowed

to cool to constant weight, (0.0196 g). Cone HF (10 ml) was added

and the residue was heated to dryness on an asbestos pad over a bunsen
burner flame (natural gas), allowed to cool to constant weight and welghed.
The procedure was.repeated twice with 5 ml HI until the weight remained
constant (0.0096 g). The welght of the residue, expressed as a per-

centage of the original starting material, was 1.13%.
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Wet Ashi_rlg

Acid Dipestion. (1.8195 g) of the float material (free of visible

" sand and other extraneous matter, dried in alr) was treated with cone
“He10) (10 ml) . and cone HNO. (20 ml) and heated until the soluticn

- was clear. A small amount of gray materdal remained suspended. After

removal of the acld by heating, the weight of the residue was determined.
The residue, expressed as a percentage of the washed and dried float

material, was 2.7%, (2.8% after 12 hr in air).

Aslﬁilg to Whiteness. The residue from (a) was quantitatively trans—.

ferred to é, platinum crucible, with conc HNOC,, and heated to dryness

3? _
with cone HNO; and conc HC10) (2-3 ml) several times, until the residue

~ was white. The residue, expressed a8 a percentage of the welght of

the washed and dried float materlal, was 2,0%.

Coﬁc HF Treatmert. The white residue from (b) was further treated

L by adding _coh'c- HF (2-3 ml),;heatirﬁg to dryness and cooling to cunstant

7 weight. This treatmeﬁt was repeated until the weights became constant (3%).
The residue was 2.64% of the weight of the washed and driled float

material. __ Recalculation considering 14% moisture gave 3.1%. The . -

platinun crucible did not change weight during the analysis.

KOH Treated Float Material

Mild KCOH Treatment. Float material (washed, selected to be free of

visible sand material) was treated with 1N KCH (100°C for 24 hr),

rinsed in distilled water to neutrallty, rinsed in acetone (3X}, and
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allowed to dry in air on aluminum foll. This float material (approxi-
mately 0.2 g ¢ sach) was welghed Into three crucibles which were
placed in‘an electric furnace (about 400°C) until the ash was white

and the weight constant. The weight of the ash was determined by -

difference. The resulbs, expressed as a percentage of the weight

of the pre-ashed float material, were: 1.84%, 3.60% and 3.21%. The
residues_weré dissolved in hot cone  HCI and transferred with washing
(3X) to flasks to which ammonium oxalate was added. After several

hours, flask A had a barely perceptible precipitate, flask B a copious

precipitate and Tlask C, a moderate precipitate.

" Intenslve KOH Treatment. Float material which had been kept in 6N

KOH for 3 days at 100°C, washed with distilled wabter untll néutral,

rinsed with acetone (3¥), and allowed to dry in air on aluminum foil,
was placed equally in three crucibles and ashed over a Meker burner

to constant welght. The_weight'of tha residue was determinéd by"'

- difference and found to be: 3.43%, 3.34%, and 7.67%. (red ash).

Desiccated KOH Treated Material. A porcelain crucible was brought

to constant weight. IFloat material, approximately 0.1'g, which had

" been carefully washed, was treated with IN KOH (3100°C for 24 hr),

rinsed with distilled water until neutral, rinsed in acetone (3X),
and dried over 9205 at 65°C and less than 0.1 mm Hg, for 24 hr, was
placed in the crucible and was quickly weighed (0.1031 g). Now it
was ashed to constant weight in an electric furnace between 350-U450°C

(several hr). The weight of the residue at room temperature was 4.35%.
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Surmnary of‘ Inorgamc Determmatiun

(Unless otherwise indicated, all percentages are
of the alr-dry float mat erlal)

_Aqueous Extract _ - 69.0%

Whole Float Material (Dry Ash)

Washed; visible sand present ' 2.8%, 3.0%, 3.7%

Washed, blonded and scrted; ;f‘r'ee of
v151b19 sand

_ HSO"C-'ash = ' 0.8%

Desiceated KOH trested float material

550°C ash o 0.5%
After IF treatment _ 1.1%
Whole Float Material (Wet Ash)
Conc HNO./HCI0, o i 2.7%
Rewelgh aftéer 12 hr S o 2.8%
After treatmsnt with cone HNO3 - 2.9%
AfGer treatment with conc HF : o 2.6%5
Subtracting 14% moisture factor . : 3.1%
KCH Treated Float Material
1N KoH (24 hr at 100°C) - ‘
(Oxalate positive for calcium) 1.8%, 3.6%, 3.2%
6N KOH (3 days at 100°C)- 3.3%
3.4%
(red ash) 7. 7%
n.17
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EXPERIMENTAL'PROCEDURE
PART C

Determination of Ether Soluble Material

First Determination. Whole float material to be extracted was cleaned

as before and dried in alr to constant weight. Approximately 2 g was

- welghed and was carefully transferred to the ether pre-washed cellulose

cup of a soxhlet 1nto the extraction apparatus with pure diethyl
ether.(approximately 75 ml). After 24 hr the extracted float material
was allowed to dry in air on aluminum 5011. The extracted float

material washweighed and the loss of weight Was_O.lﬂ% of the pre-

Cextraction weight of the float material. Recalculation after sub-

tracting a factor of 1M;5% for moisture content gave a value of 0.17%.

- A second determinationxgave_a weight loss of 0.1 1 5% of the prpvextraﬂ

tion weight of the floabrmaterial. After the extraction, the cup

and float materlal were placed in a desiceator over P205 at 6550‘

and less than 0.1 mm Hg. Aftef three hr the apparatus was allowed

to cool to room temperature and the float material was removed and was
quickly weighed. The ioss of weight expressed as a percentage of the
pre~-extraction weight was 13.7%. The loss of weight due to ether
extraction expressed as a percentage of the desiccated float material
was 0.17%. The ether solution was left for evaporation to constant
welght and the remaining light brown syrup was weighed. The weight

of the extracted material was determined by difference. The loss of
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'Weight expressed as a perceﬁtage of the prenektfeetion'weight of the
float netefiel was 0.23%.' The loss of weighﬁ expreesed as a per-

“ecentage of the weight of the desiccated float material was 0.27%.

Summary

_1St Determination

Loss in welght of air-dried float materlal

during ether extraction 0.14%
Recalculated after subtracting a 14.5% moisture content
factor from the welght of the air-dried sample : 0.17%
2nd Determination
' .Loss.in weight.of air-dried float material
- during ether extraction S ‘ 0.15%

Loss in welght expressed as a percentage of
desiccated float material | 0.17%

' Welght of ether extracted material (direct we1ght
from flask) expressed &s & pCPcentdge,of theﬁ - N W
air-dried float material : 0.23%

Welight of ether extracted material (dlrect weight
from flask) expressed as a percentage of the
. desiccated float material _ ' . 0.27%
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" EXPERIMENTAL PROCEDURE
PART D

Determination of the Carbohydrate Content

. Treatmenﬁ wlth Base

" 6N NaOH at Room Temperature. Whole float material which had been washed
“in tap water, dilute HC1 (IN), and rinsed in distilled water until

‘neutral was dried in air. The dry float material (0.5485 g) was

agitated with 6N NaCH (10 m). After 7 hr, a few drops of the clear
supernatant were spotted on a silica gel tlc plate. No charring
was cbsarvad fof the spot‘indicaﬁiﬁg that no carbohydrate nhad heen

solubilized. After § days at room temperature, the float material

- was. quantlitatively transferréd onto a sintered filter, washed with

- water untii nsutral (3X), ard rinsed with acetone (2X). The. sinbered

Tilter and contents were driéd to consfant welght under an infrared
lamp. The weight of the NaOH treated float materlal was determined by
difference, and expressed as a percentage of the Weight of the air
dried starting material (53%; uncorrected for molsture éontent_br_
inorganic residue).- o |

A sample (épproxinately 30 mg) bf the.NaOH treated float material
was dissolved in cone HC1 (a few ml). Small white needle-shaped
particles remained in suspension and were visible only in bright
sunlight. The sclutlon was spotted on a tle plate. The float materdal

extinquished flucrescence, did not move in solvent system #1,
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, and charred with H SOL; o
The yellowish colored filtrates and water washings of the NaCH
treatment were combined and concentrated on a rotovac a.pperaﬁus . A
few drops of the concentrate were spotted ‘on a tle iolate. The spot
' did not move in solvent system #1 (uv llg,ht) , and charr'lag with H, SOu
gave a 11ght brawn spot which faded with heating time. A small black _
spot appea_r'ed at the solvent f‘ront line.
From the orig;mal alkaline filtrate a prec:Lpltate resulted after
. ?4-5 hr at room temperature.
The acetone washings were concentrated in a rotovec apparatus and
subjected to tle. No fluorescerce was observed. A small spbt appeared
at the front on charfin_g. On etantling, a gray pf’ecipi’cé.te appeared
as before. | |
The Effect of Base .Treatment on Shape,

Refractive Index and Texture

Shape. The shepe, as found for the float in the live animal, is meintained
duriﬂgrtre_atmerit with base, whether 6N .KOH for a prolonged period at

:Eoom temperature or 1N KOH for 24 hr is used. On drying there was a
'slight shrinkage and resultant wrinkling, with minor distortion of

the overall shape.

Refractive Index. The whole float material, separ'a.ted from the fleshy

part of the anjmal,' was cbserved to be almost invisible in sea water.
This was also cbserved when the flost was immersed in tap water and
base solutions. No alterafiion is apparent when the float material is

“kept in strong base for prolonged periods.
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'7_Eg§tur¢.' Whole floéts,,which,hayé been washed and dried, wererSmooth;

flexlble and tough, being somewhat difficult to teaf with the hands.

After treatment with base, followed by rinsing and drylng, the texture

became less smooth and the material was mbfe brittle and less pliable.-

Purity of the Base Treated Float Material

Millon Test. Whole float material (washed and dried) was placed in a

" few ml of corc HNOy. The float material became light red in color.

Subsequent addition of conc NH,OH produced a bright ofange color. However,
_ _ 4 _ _ :

the KOH treated float material (6N KOH, 8 days at 25°C) did not change

in color from the original dull white when subjected'to the same test.

Ninhydrin.'_Whole float materiali(washed ahd dried) was. sprayed with

fresh ninhydrin solution. The color of the heated flcat changed to

light: purple. The KOH (6N, 8 days at 25°C) treated float meterial aiso

produced a color reaction, but the color was only Iight pink. Gluco-

“samine hydrochloride énd N—acetylglﬁcosamine were sprayed wlth nin-

hydrin solution on a tlc plate. The'glucosaﬂﬁne hydrochloride gave

a light pink color, but the N—acetylglucosaminé gave no color reaction,

as expected.

Amino Acid Analysis. Whole float material (washed and dried) was hy-

drolyzed in 6N HC1 and placedon the colum of an amino acid analyzer.
the analysis indicated a high protein content (see section on protein
determination). WMaterial which had been treated with 6N XOH for § days

was analyzed in the same marmer, and was found to be free of amino

acids (except for a small lysine peak).
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Determination of Carhchydrate /Protein Ratic in Whole Float Material

Starting Materlal. Whole float material, approxlmately 0.5 g each,

- washed and dried in air, was put into two test tubes, and dried over

.'P205 (65°C, in vacuo, 24 hr). The drying apparatus was allowed to

cool to room temperature and the welght of the starting float material
was qu_’-chl.cly detenhined by difference (0.5195'g;l énd 0.4847 g). The
fléat Iﬁaterial was- quantitaﬁively transferf‘eci to two round-bottom
flasks and was heated (28 hr) in refluxing IN KOH (17 ml) with oc-
caslonal shaking. - The contents were quantitatively washed into two
taréd Gooch cruclbles, washed with llN KOH (2X), distilled water until
neutral (3X), acetone (3X), and placed in & warm oven until the odor
of acetone disappeared. After drying over PEO“ at room temperature

in wacuo (40 hr, 20mm Hg) the welght of the KOH treated float materdal

was determined by dlfference. The loss.of welght during KOH treat-

ment, expressed as a percentage of the welght of the washed and dried

whole float material, was 40.9% and 39.8%. Conc HC1 was added to -
each crucible (mounted on a vacuum filter flask) to diSsélve- the float
material. After 2 1/2-3 hr, the dissolved f‘loat. ﬁaterial was suction
filtered through the bottom of the crucible. After washing with
cone HCl, the crucibles and remaining sandy feé-idue wefe heated at
110°C for 30 min, cooled to constant weight and the welght recorded.
The weight ol the sand a.ﬁd residue, expressed as a percentage of the

welght of the original whole float material, was 10.7% and 10.0%.
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- Summary of-Regults - -

Actual Weights . Expressed as a percentage

Recorded _ of the Starting Mtl.
inceluding excluding
(in grams) residue residue
| S | 7L P 3] 7o 71 2
‘Sand and residue = 0.0557 0.0489 - 10.7% 10.0%_
Loss on KOH digest  0.2123 = 0.1941 40.9% 39.8% U45.8% 44.3%

Carbohydrate 0.2512 0.2442 48.4% 50.2% 5L.2% 55.7%

(a1l values uncorrected for soluble
Inorganic material)

Acid Hydrolysis of KOH Treated Float Material

Method of ygrquéis. Pyrex tubes.(inner diameter 5-6 mm) approximately

18 en 1ong ﬁere cleaned; dried, sealed at one end, and pfovided with

& narrow neck on the othér end.. These ampoﬁles.were clean=ad again aﬁd

dried at 110°C. .Float.material (approximately 2 mg), ﬁfeated With:KDH,
1and-driedfofer P205'at76500 ig_jgggg for 24 hr, was placed in the tube

and the accurate Weight of the float material was determined by difference.

6N HC1 was_added_tﬁrough a finély drawn gléss Tumnel until.the height

in the tube was 5-6 cm. The contents were frozen in shaved dry ice

and the narrow neck of the ampoule was sealed affer evacuaﬁion of the

tube (20 mm,Hg)f The ampoules were stored frozen until hydrolyzed.

Hydrolysis was carried out by immersing the ampoules in a vigorously

boiling water bath. Three ampoules were hydrolyzed 1, 2 and 3 hr.

The contents were dlluted in volumetrie flasks to 50 ml and colorimetric-—
ally determined (described below) for maximum recovery of hexosamine.

' For storage the solutions were frozen. A second set of samples was
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hydrolyzed and colorimetrically determined in the same way. When
obvious errors were discovered during the anaiysis; the ampoules
‘were dlscarded. A graph was prepared"(figure 5)-indicating the .

optimum hydrolysis time of 3 hr.

Colorimetric Determination of D-glucosamine

Equipment. The colorimetric determinations were made according to the

39,- using a B&L Spectronic 20. The test

method of Rondle and Morgan
tubes used were chosen for optical match by_sequehtially transferring
| a dilute.KMhDu solution to each test tube and observing the trans-

mittance at the test frequency, 5305mu; Test tubes selected héd a

digital readout spparatus. furnished by.B&L.- The Spectronic 20 and
. the digital readout wgez’é supplied by a regulated 110V poWer supply.

'Readings were not made prior to at least 30 min warmup.

N

-Reagéntg__ - The acetylacetone was freshly distilled before the start
- of the determinations. All of the determinations were made within
two months of the distillation and the acetylacetone'was stored in
a brown bottle at room temperature during this time. The ethanol
was taken directly from the contaliner of the supplier and was not
denatured. The p-Dimethylaminobenzaldehyde had a higher mpp. than
recomended by Rondle and Morgan and was not recrystallized. The

DMAB reagent solutions were stored at -10°C in 50 ml portions.
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--Standards and:Blaﬂks. The -standards were madé”up frésh from the

crystalline glucosamine hydrochloride supplied by Pfanstiehl Labs,

Waukegan, I1linois (lot #8684). The standard was found to be free.

. of moisture when dried over P.O_ at 65°C, in vacuo for 67 hr. _There'f

2’5

‘was no weight loss for any of three samples (approximately 1 g each)

which were dried simultaneously. The standard was submitted for amino

acid analysis and found to be free_of detectable amino acids (except

for a small lysine peak). Thé_standard solutions were made up by

dissolving 0.2150 g glucosemine EC1 in 50 ml distilled water in a

100 ml volumetric flask to give a 0.01M solution of sugar. The

standard solutions were further diluted by transferring 1 ml portions

to six volumetric flasks (20~, 25-, 35-, 50-, 100—, and 250 ml).

The coiorimetric results cbtained for these known concentrationS'WEre__

used .tc prepare a graph as a basis for the determinaticn of the ex-~

perlmental samples, which were always determined simultaneously with

the prepared standards and blanks. The blanks were made by substituting

distilled water for the sugar solution, keeping all other variables
constant. Erroneous results were cbtained when standards and analyses

were not carried out simultanecusly. Figure 7 shows a typical graph.

: Pipets. The pipéts used were calibrated by'filling to the mark with

distilled water at room temperature and welghing.

Glucosamine from KOH treated fleat material. A sample (2.5 mg) of KOH

treated float material which had been dried over P205 (65°C, in vacuo

2l hr) was exposed to rocm humidity (4 hr) and hydrolyzed for 3 hr
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and colorimetrlcally detenmned as above. Extrapolaticén gave 93. 5%._
When a moisture f‘actor of‘ 5 6% (from graph) was subtracted from the
weight of the starting materla_l the results were M%.' second
sample (28 mg) was determined in the same way and gave 94.0% and: '
M% (after a 3.6% moisture factor for 3 hr at I*‘o'om.hlﬁnidity before
hydrolysis). Both samples are uncorrected for any inorganic or

amino acid_ Impurity. -

IR Comparison of Carbohydrate Material

- Shrimp Shells. Fresh shrimp shells (speciés un@oWn)_from the Pacific

~ Ocean were obtained from a local restaurant within 12 hr of removal from

the frozen animal. The shells were kept chilled until cleaned several
days later. After being washed thoroughly in water to remove all fleshy
material (including tails and legs), the shells were kept under’

6N KCH at room temperature for 15 days . After belng rinsed with water

'the shells were light plnk in color with white patcl g . The .J'hellﬂ

 were then stirred in 200 ml HCZL (2N) for 5 hr at room terrperature,

filtered by suction, and washed with distilled water’ \3X) s and acetone
(2X). The shell material (dried over P205, in vacuo at 65°C for 24 hr)
was chalky white in color.

Whole Floaf Material. Whole float material (washed, dried over P205

at 65°C, in vacuo for 24 hr) was powdered in a stainless steel capsule
with a stainless steel insert on a "Wig-l~Bug" and a KBr pellet
was made. The spectrum (7a,b) was compared with Spectrum 3a,b ob-

tained in the same way from shrimp sheil, and known N-acetylglucosamine
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(Spectrum 1a,b). Spectrum 3a,b was virtually identical to Spectrum
7a,b while the N-acetylglucosamine (Spectrum la,b) bears a close

general relationship.

KOH Treated Float Material. The ir spectrum of whole float material

which had beeﬁ-treated with 6N KOH at room temperature for 8 days .

(Spectrum bYa,b) or IN KOH at 100°C for 24 hr (Spectrum 5a,b) were

' compared. 'I‘h'eré 1s no detectable difference, although the pellet made

from the material treated for a longer time has slightly better resc-

-lution. The KOH treated float material does not show a strong ab-

sorption at 865 cm_1 which -1s prominent in the N-acetylglucosamine

spectrum. A comparison with glucosamine hydrochloride (Spectrum 2a,b)

shows a genefal overlap of absorption peaks, but the glucosamine hydro-

chloride bhas more and sharper peaks.

o -D-Glucosamine hydrechloride freom KOH treated Float Material.

" IR. Float material (approx. 0.l g) (treated with 6N KOH for 8 days

at room temperature} was hydrolyzed in conc HC1 at 65°C for 3-4 hr

to glve a C1eér 'solution, evaporated fo dryness on a rotovac with
methanol several timeé, and recrystallized from methanol, to give
0.25 g (63%). A KBr pellet was made from material ground in an agate
mortar. The sp.ectmn‘obtained (.Spectr‘um éa,b) was identical to that
obtained from the known glucosamine (Spectrum 2a,b)., Ald peaks are
present (with rno extraneous ones) in the same proportional absorption.

TLC. A few drops of the 0-D-glucosamine hydrochloride prepared as

sbove, were chromatographed on a tle plate with known glucosamine
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" hydrochloride and N-acetylglucosamine, with solvent system #2 and

‘ charrnd 'I'he R of N—acetylglucosamine was 0.41, while that of the

glucosamine hydrochlomde and the experlmental sample were_ldentlcal at 0.32.

‘This solvent resolves the experimental sample into one major and three -

very minor fractions. The minof fractions may be a product of the

: hydro'_l'ysis cénditions or may indicate the presence of other similar

" sugars 1in minor amounts {figure 8).

. Elemental Analysis of Carbohydrate

For elemental analysis, a sarnple of float material (treated:

1IN KOH, 100°C, 24 hr) was carefully selected to be free of visible

sand, suspended in 6N HC1 and deaerated in vacuo (20 min), fllLered

washed with distilled water to neutrality, and with acetone (%X)

It was dm‘;'sd at 65°C n high vacuum to constant weight. The cal-

'-cula.ted vs]u.es are bascu on an eXpec'ted N—aoetylglucosam_ ne polymer |

of' infzm.te length (m.w. 203).

08H13N05'(2o3) Cale. C,47.29; H, 6.10; N, 6.90; 0, 39.41;
| | CHC0, 21.18.
Found C, 47.283 H, 6.43; N, 6.95; 0, 39.48;
CHyUO, 21.53.

Amino Acid Analyzer Results

Whole float material which had been washed and dried, float
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- N-acetylglucosamine

o

glucosamine HC1

. eXperimental

(front).

®

=
b

4
o

Thin ILayer Chromatographic Comparison of the Acid

Figure 8

Hydreolysate of KOH Treated Float Material with

'N-acetylglucosamine and glucosamine ﬁydrochloride
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) material which had been treated with 6N KOH for 8 days, and known

samples of glucosamine hydrochlorlde and N-acetylglucosamine were

analyzed on a Bio-cal 201 Amino Acid Analyzer. The pesks indicated

a 1arge concehtration of glucosamine in the wnole float material

and in the hydrolysate of the KOH treated float material. When
quantitative calculations of glucosamine content were made frcm the
chrmmatogramS'USing-the kﬁown'Neacetylgiucosamine as the etandard,
the KOH treated material gave a 96.5% recovery. Whole float material
gave 33.8% N—acetylglucosamine-content. A correction factof (15%)
for moisture increased this to 38.5%. A second sarmple gave 40.6%

and ﬂ9;6% respectively. When the found carbohydrate content wae

calculated as a percentage of the total Drctean and carbohydrate found

values of 60.8% and 59.4% were obtalned
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Summayy of Carbohydrate Determination

- By Difference

1st KOH treatment | N o | - 53%
2nd XOH treatment S . o 54.2%
' ' 55.7%

Direct‘Detérmination (Amino Acid Analyzer)

- Whole float material . _
1st determination (inaccurate standard) - - 33.8%

Subtracting 15% moisture factor . 38.5%
‘2nd determination I f 4o.6%

Sabtracting 15% moisture factor . : 4g.6%

KOd Treated Float Material
o 5Recovery as & percentage of known standard

[ hydrolyzed SHmltaneousiy) T gesg
5 varbohydrane Tercentage _ |
i (Carbonydrata as a percentage of total Droteln and 60.4%
carbohydrate found) . 59.4%

ColOrimetric Determination of Hexosamine Content

1st determination '
KOH treated material (uncorrected for any 1norganlc residue) 93.5%

corrected for 5.6% molsture content 99.1%

ond determination | | : 94, 0%
' corrected for 3.6% molsture content 97.7%

Elemental Analysis

Analysis matches for 08H13N05 (203).

Acetyl group analysis Indlcates complete acetylatilon.




R N
Whole float material matches known chitin.

Acid hydrolysis product of KOH treated mdter*ial matches
glucosamine hydrochloride. ‘

TLC

A—

. Acid hydrolysate of KOH freated material and glucosamine
hydrochloride have identical Rf values,
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EXPERIMENTAL, PROCEDURE

PART E

| Determination of Protein Content

Millon Test

Whole Float. Approximately 100 mg float material (washed and dried)
was treated with 1 ml conc HNO3. The float material became red in

color and changed to bright orange when 3 ml NHMOH was added.

KOH Treated Float. Float material (washed and dried) treated with
KOH (1N, 100°C. for 24 hr; 6N, room temperature for 7 days) was .
ivashed to neutrality in water, and acetone and dried in air. T:c‘éétment

with HNOy and N0l as before did not change the color..

Mirhydrin

Whole Float. Whole float material (washed and dried) was sprayed with
ninhydrin solution. The material was placed in an oven (10%°C) for

10 min during which a purple-pink color developed.

KOH Treated Material. Fléat materdial washed and dried and treated with

KOH (1IN, 100°C for 24 hr) was sprayed with ninhydrin. A light pink

color developed.

Ashing,
Whole float material (washed and dried) was ashed in a crucible

to whiteness. During the ashing adistinet odor similar to that of

burning hair was detected.
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Elemental Analysls for Phosphorus

| Whole float material (Washed:and dried) wés‘analyzed for C, H,
0, N, and P. Found: C = 41.3%; H = 6.56%; O = 43.15%; N = 8.99%;
- P.= 0.0% (less than 0.2%). -

Sulfur

Sodium Fusion. Whole float material (100 mg; washed and dried) was

héated:to'redness with metallic sodium. The hot test tube was shattered
in 20 ml distilled water. The filtrate (2 ml) was treated with 10 drops
of 5% lead acetate sblution. A very faint black precipitate.was ob-

“'.sérved. Float material (washed and.dried;'tfeated with KCH as before}

gave In comparison no black preclpitate.

. Formalin Preserved Float _

A velella specimen which had begn képt in a conc formaldehyde soiution
for a number éf years was examined perlodlcally during tfea%ment

| with BN KOH (25°C.for 25 days). -In bright sunlight flat portions of

- the float were observed separating from the vertical compcnent and
smaller portions weré cbserved separating from the horizontal component.:
The materials were not analyzed. The formalin treated floats showed pro-

nounced darkening and shrinkage when washed and dried after XOH {treatment.
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Pefcentage of Protein by Dlfference -

KCH Treatment. The loss of weight which oceurred when whole float
material was treated with KOH was determined as described in the
| carbohydrate determination. This 1oss‘(from two determinationS),_
was 45.8% and U4.3%.  Tre filtrate did not contain any material that
could be charred on a tle plate. The KOH treated float material
_ was examined on a Bio-cal EOl'Anﬁnp Acid'Analyzer:and found to he
virtually free of amino acids, with the exception of a small amoﬁnt
of lysine, which stdll persists in the KOH treéted material.- The
glucosarine hydrochloride and Nmacetylgluéosamine standards were tested -
- in the same way and were found to con£ain_a1so detectabie_amounts
of 1ysineql A.small-peak tenbatively identified as galactbsamiﬁe;also'

ceurs in all of the éhromatograms.

- Percentage Protein By Direct‘Methdd“(Amiﬁb Acid.ﬁAnélyzéf)i )

Hydrolysis. Float material (washed end dried in air) and redistilled
6N HCL (1 ml/1 mg) were.frozen in a glass tube at ~70°C. The tube
was evacuated (less than 0.1 mm Hg) and sealed. The contents were
hydrolyzed at 105° (16 hr). The clear solution was transferred to a
crucible, dried over P205 and KOH (less than 0.1 mm Hg), redissolved
in water, transferred to a 10 ml velumetric flask and brought with

buffer soclution to pH 2.2.

Analysis. For the analysis an Amino Acid Analyzer, BC 201 ~ Biocal
Instrument, M&nghen, West Germany, was used. The che-colunm technique

with sultable arvranged buffer changes gave chromatograms whilch were

compared with known mixtures of amino acids.
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Evaluation of the Chromatograms., For the calculatilon of the amino

© acid content of the hydrolysis, the method of CREVMER® was used which

is supposed to be the best choice for manmual -evaluation%. The peak-
height: (h) and thé peék—d:_i'ameter at the half height (1/2 b) were measui_*ed
with a calibrated magnifying lens. Then the F-values were caloulated

by tﬁe formula | F = h*1/2b. These values were compared with the

known ai’eas of'__ standard. chromatbgra.ms and the amount of amino acids
caleulated. The results for the mole ratios (Leu = 1) are given |

In Table 1. N-acetylglucosamine was hydrolyzed and determined in the
same manner and used as a standard for the gluéosamine calculations.

The carb,ohydréte results are glven in Table la.

Table 1
Amino Acid Analyzer Results

Hanom 3 ia T pati : . -
 Hanomoles | . Nanograms] jaiia of R g?ﬂ&ué [T Sﬂoﬁa}l

v Amino Acid i A5t
. 2 Found (thousandsl o~ 7Leil Re W
Yaspartic Acid| 1(312.2 32.0. 385 1 b 115 | 460
. 2 31l 7 36,1 2495 4 466
Threonine 1 1260 25,6 - 13«2 - 3 101§ 303 '
2 228 23.0 2.871 13 303
[Serine 1314 27.4 39 Y (87 348
B TR n 2 =53 311 > 27,0 s 3.7 b : VT
‘ ytamic Acidj 1 ' 75. va 7 ]i29 0
2 &ll s 83.0 B.1 8 #03 1032 ]
Proline 1398 7749 %3 5. 197 Jues o,
- o 5 no1 . 96.5 : 6.2 6 582
yeine ~1 1190, ' 5.1 1. 1 |57 7 -
. 2 126 7.19 | ~1.57 1 >? 52
Alanine 1{t25.2 8.95 1,55 i 71 7L
_— 5 - 118 - 8.46 . 1.47 . 14 71
aline 1362 35.8 . 99 i
I 2. 412 40,7 5.2 5 73 495
Izoleucine 1105 11,8 1.5 1 113 | 113
2 g2 10,39 1.16 1 113
Leucine 181 .| 9.15 1 1 113 | 113
" 2 79:5 8.98 1 1 4413
Tyrosine 1112 18.3 1% 1 163 1163
' 5 ag,1 | 14,36 1.11 1 1613
Phenylalanine! 1 124.9 18.3 1.5 z 147 1 294
. 2 161 23.6 2.0 2 - 29k
Iysine 1 71 - 60,4 578 3 128 (788 :
Arginine 1166.5 26,0 <0 l 156 1312 '
. 5 192 26,8 2.16 2 12
Half Cystine 17102 IO Y] I i< 1 306
2 264 ___26.7( 3.3 3 918
Totals 3733 442.8 B 5131
4088 526.7 48 6029
Caleulated

Minimum M.W.
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- Table-la-:
Carbohydrate Found

N-acetyl- 1

' 3320 675
glucosamine] 2 .

3800 771
Any trytophan present was degraded in the acidic hydrolysis. Histidine

" and methionine were not present in the sample.

2.0 mg for hydrolysls
1.9 mg for hydrolysis

Sample #1
#2

A moisture factor of 15% was subtracted'fram the starting welights
and the results calculated for both the dried and undried material.
The results of two determinations, expressed as a'percentage of the

dried and undried starting material were:

) Table 2 .
Protein Found .in Amino Acid Analysis

Sample 1 # I
‘Room Humidity 22.1% 26.3%
'15% Moisture 31.0%

Factor Subtracted 25.0%

The total protein and carbohydrate found were summed, and their

relative percentages calculated. The results were:

Table 3
Calculation of Protein and Carbohydrate Ratio

gshﬁgund % Of&?tal Found. .
motal , 1] G, : § 39,6% o
al Protein 21 i 0,827 5T ho,6%
(3 1 0. 7,) . 0: (4
Qotal Carbohydrate > 0.771 59.4%
- o 111,118 100,0%
Total Found 2 1.298 100 . 0%
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The recovety of the starting material after hydrolysls was calculated

.. for both dry and roam humidity conditions.‘,The results were:

Table 3a
Total Protein and: Carbohydrate Found as % of Starting WEight -
Sample |  Weight Total % _0f Starting Weight
(air dry)} Found Air Dry 15% Molsture
' - ' Factor Applied
1 2,0 mg |1.118 mg | 55.9% - 65.7%
2 1.9 mg |1.298 mg 68.2% 80.4%

" Mole ratios for the total amino a01ds fbund and the total N—acetyl—-

glucosamine fourd were calculated for both samples:

Table 3b -

Mole Ratio of Total Amino Acids to Carbohydrate
total amino . N-acetyl- " mole
sam~| acids found | glucosamine. |- raﬁlow""wp -
"7 ple | (nanomoles) (nanomoles)_ s
1| 333 20 | 112 1]
k088 | 3800 1.08 11

Chromatograns of KOH treated float material were examined for amino
acid content. Three peaks were pfesent iﬁ the gﬂucosamihe—ammoﬁié
region and labeled #1, #é, and #3 in order of elution pending identifi-
cation. The paaks were also present in the coﬁmercially prepared N—-
-acetylglucosamine standard and.glucosamine hydrochloride. Muramic
acid prepared In this laboratory was free of peaks #1, #2, and #3,
but contaired a new peak in the same region. Peak #3 was tentatively
ddentified as lysine; and though peaks #2 and #3 were unidentified,
galactosamine and hydroxylysine were congldered possibilities. The
peak areas were determined as before. Mole ratios for lysine : N-
abetylglucosémine gave an avefage of one lysine for 8,000 carbohy-

drate monomers. The complete results were tabulated (Table 4).



unknown péaks lysine ?—acety}-, le
: e : glucosamine | mole
_ #1 #22 #32 tesg nano~ |micro- | miere-} .4i.
sample mm mm® | mm mm moles | grams- | moles
vertical component 9.0 L 8.8 §§2x50= 1.02 | 1,850 9.1 11: 8900].
{KOH treated) - ' .
horizontal component 11,7 34' 7.9 '9x5b= 0 91 '1 360 6.7 1y 7400
(XOH treated) . . . 3 o ’
whole float . , 11.5, ens B R '
(KOH treated) 20,6 L ;4.5 3£X50— 1.32 { 1,930 9.42 {11 7140
N-acetylglucosamine . i . 10.2 oo '
(Standard) 15,4 .:4 16.2 3_x§0 1.17 2.000  _9.85 1: 8400
glucosamine ' g - ‘ '
hydrochloride 9.3 1 3.5 9.5 | £3gx50=| 1.13| 1,880} 9.25 )1+ 8170)
avg- 1 03? avga 1: 8000
Table 4

Lysine Residue in Standards and KOH Treated Material

<
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~ The molé_ratioé of'ljsine'to other amino écids @résént were calculated
* from Table 1. Samples #1 and #2 averaged 5.5 ard 6.1 lysine residues

 :'féspectivé1y, and 5.8 when comblned. The complete results were: '

Table 5
Ratios of Lysine to Other Amino Acids

Amino Acid sam- Moles Lysine/ Mole(s)
ple|{ Other Amino Acid
Leucine 1 5.8 _ ,
Isoleucine i 4,5
. 2 PV
Tyrogsine 1 h,2
2 5.9
Glycine 1 5,2 -
‘ 2 . k,2
_Phenylalanine] i 75— |- -
Arginine 14 5.7 o
R .. 2 o e 6.1
Phreonine 1 5.4
: : w: 2 6.9
- Asparagine 11 6,0 o
} ) '...-.'L{ 2 - 69?.
Average L 5.5 6.1
Grand Average (of all 16) 5.8

The lysine : carbohydrate mole ratios for whole float material were

1:7.1and 1 : 7.3 for samples #1 and #2 respectively (Table 6).

Table 6 ,
Mole Ratic of Lysine to Carbohydrate
. N-acetyl-
%gi;ge glucosamine mole
sample found ratio
1 {(nanomoles) (nanomoles) _
1 71 3,320 11 7.1
523 3,800 1: 7.3




#4

| Lyeine + carbohydrate mole ratios expected for the mindmum molecular -
_protein weights determined in the aminoc acid analysis (Table 1) and

'1 protein : carbohydrate welght distrlbutions suggested by the quanti-
tative results were calculated. The molecular weight of an hypothetical
protein with Iysine links to'six octasaccharides (figure 9) was in-

- cluded for comparison. Values of 1 : 5.2 to 1 : 8.6 were cotained.

.The complete resulﬁs were: o |

Table 6a
Calculated Mole Ratlo of Lysine to Carbohydrate

lysine to carbohydrate
mole ratios

protein to carbohydrate e of protein :
i 3 #1 #2 - cal.
welght ratlos . | hop | 6000 |- 6923 |
45 / 55 _ 11 5,2 {11 6.0 {i1 7.0 |
1,50 / 58,46 1t 6.0 |11 7.0 |l: 840
-~ ho /60 1y 6,9 [1+ 7.4 [1: 8.6 |

A simllar caleulation for the protein : carbohydrate mole ratios
gave values‘of 31.Mw- 51.6 N-acetylglucosaminyl units per protein.
 The complete results were: |

Table 7
Mole Ratio of Protein to Carbohydrate

protein to carbohydrate
mole ratios

m.w, of protein

protein to carbohydrate
: L ie #1 #2 cal.
welght ratios 5200 6000 6923
Ls / 55 1t 314 |11 361 |11 41.6
41,54 / 58,46 11 36,0 |15 %1.7 |1s 48.0
4o / 60 . 13 38.4 |1t 4443 |1: 51.6 |




Surmary of Protein Determination

Ninhydrin Test

Whole Float

45

(uncorrected for loss of amino acids in hydrolysis)

o positive .
KOH treated float material positlve
(diminished; with color change)
Millon Test -
Whole Float positive
KOH treated float material negative
Aghing
Definite odor of burning protein
% Protein by Difference
Loss on KOH treatrent L 47.0%
wonoon " (quantitative) h5.8%
- - by
4 Proteln by Direct Determination (Amino Acid Analysis)
Found in air dried sample 22.1%
26.3%
15% moisture factor applied 25.0%
{uncorrected for loss in hydrolysis) 31.0%
As a percentage of the total protein and carbchydrate
found 39.6%
40.6%
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CHAPTER 3

Brief Surmary of Results

Moisture Content
Whole Float

Over. NC] (148 hr, 60°C in vecuo) 10,39

Over P O (67 hr, 65°C in vacuo) _ - 14.5%

 KOH Treated Float Material |
' Ovc.r P O (75 hr 65°C in vacuo) ‘ 14.1%
o 14.1%
15.3%

Inorganic: Content
Acueocus Extract =~ - - G9.0%

Wnole Float Material (Dry Ash) -
Washed; visible sand present  2.8%, 3.0%, 3.7%

Washed, blended and sorted; free of
visible sand 450°C ash . 0.8%

550°C ash 0.5%
After HE treatment 1.1%

Whole Float Material (Wet Ash)

Cone HN('JB/HClOLl o 2.7%
Reweigh after 12 hr 2.8%
After treatment with cone H[\IO3 _ 2.9%
After treatment with cone HF 2.6%

Subtracting 14% moisture factor _ 3.1%



KOH Treated Float Material
IN KOH (24 hr at 100°C)

 (Oxalate positive for calcium) 1.8%,'3.6%,
6N KO (B-days at 100°C) ' 3.3%
' 3.4%
_ (red ash) . T.T%
DesicgatedwKOH treatedwfloatlmaterial- 4.4%
Lipid Content
1st Determination
By Difference . 0.14%
Applying 14,58 meistore factor - S 0,179
2nd Determination
By Difference
Alr Dry 0.15%
‘Desiccated (over P05, 60°C 3 hr, 20 mm Hg) 0.17%

Direct Weight
Alr dry

Desiccated (as above)

47

3.00

0.23%

0.27%
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- Carbohydrate Content

Whole Float .

1st Determinstion

room humidity/6N NaOH 9 days, 25°C (dried under
infrared lamp to constant welght) . 53.0%

2nd DeLermlnatlon
over ong at 65°C for 2” hr In vacuo/IN KOH 24 hr at

100°c washed and dried as before, 54.2%
L 55, 7%
“Aming Acid Analyzer Determination

Found in air dried sample : 33.5%

| | 3858

15% m OL ture factor app]ied _ | o HO 67 o
Asoa pefcenbdge uf total er:aJ fond e bQ,ﬂp- _
| L 59

Protein Content

Percentage Protein by Difference (KOE treatment)

nonguantitative ‘ - b7.0%
gquantitative - 45 .89
- hh,3g
Direct Measurement (Amino Acid Analysis)

‘Fourd in air dried sample | 22.19%
26,3%

15% moisture factor applied 25.0%
3L.0%
As & percentage of total material found 39.6%

40.6%
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‘Composition-of Velella lata Float Collected From-The-Beach
As Suggested By The Analysis | :

‘Molsture content (at room humidity) 14-15 wt %

As % of Dry Welght |
Inorganlc Content : - | 34wt %

Lipid " | 0.2-0.3 wt %
Carbohydrate " o . 55-58 wt %
Proteln L ' ho-h5 wt %

Protein/Carbohydrate U5/55 wt &




- DISCUSSION OF RESULTS
PART A

Moisture Content

The float material 1s saturated with water in the inté.ct animal,
The removal of water represents a departure from the physiologiéal
condition. When the .moisture content at room humldity was determined
the amount of water in a Saturatéd float was not investigated since
it did not seem to be germane to the analysis.' For further work,
-~ At would be mteresting to examine the rate and amount of water ex-
| .cha_ngp out to the qatuf'atlon p01nt | - o .

The determnatlon of m01sture content at room hum:wa 1'37 aJ lowed -
the appW 1cat10n of molsture factor to mterlal Wthh had never been. :
dried. The average humlc‘tlty in the laboratory was not determined
and no graph wags prepared showing thé moiSturé factor at different
levels of humidity, pressure and_teﬁperature. To this extent the
moisture factbr is unreliable. When wholé float matéri_al was dried

2 2’5
drying was done over P205. 'I‘hé loss of welght on drying of whole

over CaCl a.nd P.0_ a difference of 5% was noticed and theréafter all

float material was compared with that of the KOH treated material and
found to be the same within 1%. This seems to indicate that the re-
moved protein absorbs water to approximately the same extent as the

carbohydrate.
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The resorptith of water was studled to glve some Indication of
Vhow fast the dry materiél regained the lost water. A rapid Wafer
'uptake was not fbund and no special welghing or handling was required.
The resorption of approximately 10% of the lost water in one hr in~
dicated that appre01ab1e errors could be aveided by quickly weighlng
the material. The delay in resorption indicated that,. once dried,
the float material requires several days before itlcan.be treated as
equilibrated with the'room.hﬁmidity. |

The increasea drying over PO relatlve to CaCl, raises the

275 2

question as to whethér'all moisture was completely removed by the P205

either. The recovery of carbohydrate was ovér-96% in the colorimetric

_m“;deternﬁnations under optimum condlitions., In the amino acid ana1y51s

there wa» a small amino 501d 1mpur1ty (1yQLne), an undetermlred

peak (possibly'galactosamine or'hydroxylysine), plus an undetermined
irorsanic residue. These factors, plus any 1oss of the carbohydrate
in the hydrolysis, suggest that fhe residual water is ieSS'than l~2% -'
when the material is dried over PEOS in 'vacuo at 65°C for 24 hr. |

Float material which has been washed equilibrates on drying

in alr overnight. Thils time is shortened by washing in acetone. The
welght -attained remains reasonably constant over a period of time and
suggests a Special relationship between the water and thg-polymerié |
matrix. When the resorption of water is calculated for the KOH-treated
materdal as a ratio of moles of water resorbed to moles of polymeric
matrix (using the weight of the N-acetylgluccsaminyl residue-203-

for the calculation) it is found that the ratio Is -bPetween 1-2 moles

water to 1 mole of monomer. Where the reatio goes from 0 : 1 to 1 : 1,

the water uptake appears linear, but thereafter the rate of'resorption
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decreases sharply. This may indlecate that B chitin, described as -
the monohydraté by Dpsrel‘n:zl0 , may.give the a diffraction when completely
dry, 'Very accurate deterfninations of molsture cohtent requi_re that
the inorganic content be determined and corrected f‘of by a,sblng the
dried sample. Unfortunétely there are difficulties in the drying

form 61‘ calcium,. and. cbupled .wi‘-th the unknown silicon rélat_:tonship,

the question of f'rée calcium versus the carbonate, the presence of
other urnknown inorganic material, and the diffiéulty of handling the

large sample sizes required for accuracy, it is doubtful that a

significant Improvement in the molsture values would result. The

acceptance of a 1U4-15% molsture content. in both-the untreated and

KOH-treated float material under or‘dinarv conditlons of temperature .

""'"'_'_:and humidlty seems 1.0 e Jusu fled by ‘the data.

A more deta led. 1nvestig tion of L,he drymg and resorptlon retes,

mlgh‘” g,Lve some md_Lcau:Lon of how the water 1is dtt‘achea to the polymﬁr’
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" DISCUSSION ‘OF RESULTS
"~ PART B

Tnorganic Content

The Velella float material for this Study was cocllected on the

~ beaches of Northern California and Oregon over the past two years,

The removal of sand, which adheres tenaciously to {:he dried float',

'represents a challenge which was not completely met. Sand grains

come in all sizes; and the assumption that the sand could be removed
manually by visual inspection proved fallacious. The fact that the

horizontal portion of the float is a "double" membrane with enclosed |

caref‘ully by hand, one float at a tj_me under a runr\mg tap, the re- .

maining sand com:ent can easlly amount to 10—157 of‘ the total weight.
| With careful selection of sand-f‘ree material this can be reduced
to 2-3%. ' The best sample, which Was blended in a Waring blender, _

was reduced to 0.8%, but the blending may have produced unknown

fractionations and it ivas not used as a général cleaning técimique.
The residue aftér ashing was treated with conc HF %o determine
the éilicon content of one sample by convérting thé silicon to gaseous
sili-con tetrafluoride. The sample increased In welght almost 100%
and leaves the question undecided. Such an increase can be partially
accounted for il the anion is converted from oxdde to fluoride. The
small sample size (ll 5 mg) of the ash makes possible an apprec1ab1e

error In the welghings.

—air- ‘spaces- r*or!poundb the-—problum ~When- sa_nay f‘loat ma‘cr*r'lal A6 Washedw—w
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Does Velella use silicon &s a component of the float structure°

The present collectlon method renders this question unanswerable

~as a silicon compound (e. g SiO ) may be removed as extraneous material

in the cleaning method ‘that was used. In this cbnnecﬁion'oﬁe may récall
that 51llcon is used for structural purpeses’ in 81licoflagellidae,
sponges and radiolaria, and is essential for the synthesis of connectlve
tissue\of the-chicks. Thls means that a preferred nethod of collectlon
would be to scoop the live Velella animals from the open sea énd

freeze them lmﬁil a careful separation of the float coﬁld be made in

~ the 1aboratéry;

Sea water contains a high odncéntratioﬁ_of dissolved salts, and

. to.some degree. the Velella exodermis serves. as a sen@pem@ablﬁ.;b@;?iﬁr,

behind which ‘inorganic mafe“Lal mey accumu*ate ”?e float once freed

from_theaprotectlon of the intact anlma¢,ﬁwould be expected go.aqull;—'

brate with the salt cbncéntrétion.' This.expectatioh Is tempered,py

the doservation thét the external coveringé of many marine animals

do not appear to be protected from the sea and do not appear to lose
their inorganic content. .These materials contaln a high calcium.conteﬂt
in a "chitinous" matrix similar to that found for Velella, and the
extrapolation might be.made that the inorganic_cbntent is not diluted
appreciebly by exposﬁre to the sea and to rain. A.value of 69% for

the inorganic content of filtered wash water suggests an appreciable

inorganic content in vivo. A better answer awalts Improved collection

technique.

Several attempts were made to separaté the water and acidﬁsoluble



--components frcm the ash. The small quantities used -and-the-minor -
dif‘f‘erences noted did not a.llow any conclusions other than that pro-
_duced by other methods i.e. that the inorganic content is a very small
percentage of the total wedght. 7

It was of interest to determine if the residual inorganlc material
survived the KCH treatment or was removed with the protein. Three
simuiltaneous determinations were made in the same way oh KOE treated
samples and‘calcium"was precipitated with ammoniUm oxalate by the
| method described by Kolthoff and Sande1126, 1nd1cat1ng that KCOH treatment
does not remove all of the inorganic material.

Treatment with acid would be expected to dlssolve any calcium
#hat wes orlginally present as the carbonate. Hydrolysis of the
| flost matertal with strong scids @1d ot result In a corpletely clear
sqlhtioh_howevers and this acid ineolubie regidue remaine e mystery,
The residue conetitutes_ah-insignificant'amount of the total welght
and is only mentioned ae a suggestion for further work. White needle—
shaped particles remoin suspended when the KOH treated materdal is
dissolved in concentrated BC1l, gray suepension remains after hot
concentrated HNOB—HCLOM oxldation, and red particles appear on pro-
longed treatment with conoehtreted'Hﬂl.

Values of about M%‘inorganic residue for the whole float and
1% for the.KOHvtreated material were founﬁ by the Bellef Mleroanalyt—
ical Laboratory.

The primary interest in the Inorganic material was to try to

eliminate it entirely so that it dld not obscure the protein and
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: carbehydrate:determination,)but'it'is interesting'toiconSider the- |
possible function of the minute amounts Which.are'present. The finding
of O;S%Iinorganic.material seems woefully insignificant, but a mole
of ealcium (m.w. 40) represents only 0.67% of the weight of a protein
with a molecular ﬁeight of 6,000 when the mole ratios'ere 1: 1.
A carbchydrate polymer of elght N—acetylglucosaminyl.residues (m.w. é03)
has a molecular welght of about 1640 and could coordinaﬁe with a divalent |
cation {(four ligands) in a mole ratio of 4 : 1 and the cation could |
st111 be well under 1% of the total welght.
The presence of aequorln in other jellyfl h raisee interesting_-
queations regarding its possible blological function. Aequorin.is‘
- -.a protein which specifically.blolumlnesces_in.the presence ef.free__
_;ealciumiiOnugf -The energy is released at centabt eo that_?he eegﬁprinrf_ )
'ca1C1um ccmplex ray be ausumed to be & 1ower energy and uhemﬁxﬁwwﬂﬁcally_

r;
more. steble conformatlon 3.

Phosphorescence. 1s a common cbservation
© of disturbed marine anlmals. Does physical disturbance of the animal
'(and the matrix) disledge free caicium, whicﬁ then triggers the stored
energy of aequorin-like proteins? If so, how'is the calcium subé
sequently freed? Is light required to free the calcium, which might
then be available for incorporation into the matrix? Tt seems clear
that there are other alternatives' to accepting the view that the
caleium is present in the matrix only as the carbonate.

What can be said with confidence regarding the inorganic material?

The difficulty of removing the sand can be overcome with Improved

collection techriques, and the loss of soluble material minimized,
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80 that reliable information reg;arding the in vivo condition can be

accumulated. Calciurﬁ ”is_ceftaiﬁly'présé'nt',”ahd”é'o teriaciou.'éljmas to

é:c_'wse suspicions of cdor’dination in the matrix. -Material-collected
from the beach has a residual inorganic content which can be 10Wei"ed

to 3-4% with careful washing. Blending and metlculous sorting will

give material with less then 1% residue. The possibility of determining

the. specificity of ‘caleium for the extracellular matriz is suggested.
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DISCUSSION OF RESULTS
' PART C

' Lipid Content

| - .The first attempts to determine if a significant ether soluble

_ fraction existed in the float material gave inéohclusive'results.
- The possibility that the washing proéedure was extracting the lipid

fraction was considered. A large portion of unwashed saill material

was cleaned of debris and free sand and washed extensively ina minimum'
amount of diethyl ether several times. The ether was subsequently

gvaporated to dryness at room temperature."A thin fiim of'oily residue

remsined with the slight odor of cod liver oil, indicating either a -

o negligibleilipid fraction, or a tightly bound ore.

: Carefully.conducted guantitative ektraction in a soxhlet-apparatus'-'

gave results under 0.2% in two determinations.

When a portion of an animal is removed for investigation, there is

always the question of surface contamination. The float material is

non-cellular, but occurs in the animal immediately adjacent to actively
synthesizing cell ﬁembranes. Is 1t possible that the float material
absorbs a poftion of the lipid material found in membranes when the
animal dries on the beach? The exposure to the sea and rain might

not remove lipid material which 18 only slighftly soluble in water.

Is the 1ipid an integral part of the float in the live animal, asso-
clated with the protein ér carbohydrate, or both? These questions
remain unanswered for the moment. When the protein is removed in the'

KOH treatment an bily film is observed on the wash water, indicating
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_thé necessity for washinhg with acetone. " This makés 1t prcbable that
the small lipid conbent is removed with the protein. -
The distinction betﬁeen "ether soluble" and "lipid“ is signi-
._ficant.. The presence of a large lipid of 16-18 carbons represents a
mble ratio of about 1 : 1 to the protein. A small ether soluble moledule,
~ with 2—3 carbons, would have a mole ratio of about 1 : 6 tofthe car-
- bohydrate. In both cases a significant role can be'Seen fbr.such'a
molecule in the matrix, and it should not be altogether forgotten.
The identification.of the lipid wou1d be helpful in resolving its
role relative to the matrix.
The float material was dried after extraction tb‘prevent pdssiblé
loss during the drying process. 1If woﬁld be intereéting to determine
the volatility of the ether soluble COmﬁoﬁéﬁt, Siﬁce"iﬁ'mighﬁ*bé":”*

included in,. or be related to, the moisture loss.



DISCUSSION OF RESULTS
PART D -

Carbohydrate Content

" When ﬁﬁdall examined a wide variety.of iﬁvertebraté comnective
'tiésues using xfréy techniques,'he cbtained a chafacteristic dif-
fraétion pattern by.which he defined "ehitinous" materiaiuo. Although:'
- he treated the float:ﬂmterial with 5% KOH at 100°C for 24 hr prior |
to his- ana1y51s to free 1t of protein he falled to get such a "Chlt—

inous" pattern from Velella spirens float materlal and suggested that

addltlonal purification would“yleld the characteristic dlagram.

. Float material which wes so treated in this work was submitted to-
amind_acid analysis and-found to be at least 96.5% pure N-acetyl-
glucosaniine. The same material when hydrolyzed and dstermined color-
dmetrically again gave”96.5% recovérj of'N—acetylgiuCOsamine;' The
detérminations were made for glucosamine‘aftér hydrplysis buﬁ fhe'

- elemental enalysis of this mater131 indica5es thatkit-iS'completely
N-acetylated. The major. impurity appears to be lysine, which remaihs
after base treztment and survives.subsequént acid hydrolysis, and
possibly a minor amount of galactosamine and hydroxylyéine which
oceurs on the amino acid analyzer chromatograms. Rather than purlty,
heat is more likely to be responsible for the x—ray results. The
longer treatment (6N KOH, 6-8 days at 25°C) would probsbly glve the
usual diagrams. Thin layer chromatography in a variety of solvent
systems iIndicated that the carbohydrate was pure, but wheh solvent

#2 was tried, late in the analysis, it was discovered that & separation
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" into one major and three miror comporents occurred. These findings

do not necessariiy contradict high recovery ole—acetylgiucosamine '

- and the question of other sugafs being present 1s still open. No

muramic acid was found when amino acld analyzer chromatbgrams of known °

- muaramic acid were compared with ghromatograms_Of Velella float material.

The identification of the monomer rests upon: The ir comparisons

With known c¢hitin, N-acetylglucosamine and glucosémine hydrochloride,

_.the colorimetric tests which are specific for hexosamines, the amino

: acid analyzer results, the elemental apnalysis, and tlc compariscns

with known glucosamine hydrochloride and N-acetylglucosamine., Melting

points matched for chitin and glucoéamine hydrochloride, but were not

 considered significant for identification.

Rk The use of enzymes o degrade'the'poiymer (chitinase and chito-

- blase) would give a dlrect recovery of the moncmer without the dea—
.. eetylation vihilch occursvwith actd hydrolysis. These enzymes wWere . -

not available for the present study.

The ‘high reCOVefy of the N-acetyl group in the elemental analysis
indicates that the 6N KOH treatment (7-9 days at room temperature)
does not appreciably deacetylate thé polymér'and that the carbohydrate
1s probably completely N-acetylafed in vive. 7_

The elemental analysis on the whole float indicates that phos—
phorus is not present. The metabolic pathways foﬁnd for carbohydrate

19

biosynthesis™ include phosphorylated intermediates. By the time the

- carbohydrates are incorporated into the polymeric framework of the

Velella float these.intermediates are probably absent, unless lost in
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~the collection and washing methods used.

.The_polymeric matrix ls organized In an unknown way. Thelpossi—
- bility that the polymer ié one long'infiﬁite chéin is unappealing;
and biloleglcally illogical, since the float appears to be synthesized
and laid down as a topologlcally continuous membrane oﬁ thfee.surfaces
simultaneou51y. ‘The assoclatlion of the monomer into subunits is a
more_attractive cohcept, and 1s supported by'suggestions that a.polymer.'
8 monomers long is in evidence2’u?. | - : ' |

Same evidence on the levels of.organization was'offered by ob-
serving the float material during the acid hydrolysis. When KOH
treated.material'was hydrolyzed in 6N HC1 in a large test tube aﬁ
1009Cfthe initial condition after shaking was the sediméntation of
the ehti:e mass. After sevefal ﬁours-ahd intermitﬁenc.éhékihg”thé'rr-
' ness-distributed iteelf evenly throushout the.teét tube. Sand’grains.
which were,free_inﬁﬁhe s§1ution did not fall to the bottom of the
tube. After ancther hoﬁf of heating at 100° the sand grains sldwly
tumbled down through the matrix to the bottom of the tube. This
change was reascnablﬁ abrupt, suggesting a change in the structure.
After more héating and several hours latér, sand grains-bfoughﬁ to
. the top fell without'interruption to the bottom of the tube. Placing
the tube in an oven at 125°C for ten minutes completely cleared the
solution, Browniﬁg occurred during the hydrolysis and later the
solution assumed a distinct dark brown color. After hydrolysis, when
the tube was held against bright sunlight, small needle-shaped par-

ticles were visibie which appeared crystalline, These five abrupt
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_ ghangesmaycorresppnd;tquthe_fiﬁe'levels of qellulose organization32}_
iPhe amino abid analyzer results suggest a protéin of 44-60 amino

~ aclds with a m}wl of 5,000-7,000. The mole_ratios;for the N—acetyi-
glucosaminyi'monomers give ﬁalues suggesting 31—52 mohomérs per protein.
If the carbohydrate is linked to every protein by six 1inkages as the
x—ray and electron mlcrograph%ul 42 seen to-show,lthen an ollgosacchar
ride length of 5-9 monomers is indicated. Thé acid hydrolyéates'
?roduce a seven monomer'unit2 (which is better evidence for elght

slnce the eﬁd'sugar would be expected tozdegréde in the hydrolysis)

and the 'y—chitin studiesu] h2 indicate that eight 1s the proper
mmber. If the eight monoﬁer unlt is used with the weight distri—l
'butlons and the ma. £indings, a protein with a muw. of 6,800-7, 000
' 'ia required (1f there are aixoctasaccharldes per;,o,tln) It is
intéresting that the ideal.welgh- dlstrlbutlon ca]cu] ated for the
hypothet:cal macromol ecule (flgure 9) glves values of six, seven

or eight depending on the m.w. of the protein. Considering the

variety of anlmals and shapes containing'chitin,-one méy suspect

- some univefsality of_these'molebular weights and their aésociatéd

dligosaccharide lengths.
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* DISCUSSION OF RESULTS
PART E

_ Protein‘Content

The determination of the protelin content bj‘diffbrence raises

__"'a question of accuracy. When the lipids, moisture and indrganic"

material have been removed, the remainihg welght should be cdmpletely

‘accounted for by the protein and carbohydrate-COntents.‘ The amino

- acld analysis results indicate that almoét all of the protein is
removed by KOH treatment with only minor persisting amounts of amino

aclids, principally lysine. But is the carbohydrate degraded at the

same_time?_ Testing the supernatant in'theiKOH treatment. periodically, -

_does not reveal any chareble material. Unfortunately this does not
- resoive the question since:the carbohydrate might be degraded in base
'-to compounds which“ma& not be detected by charring. The stability

- of the carbohydrate polymer to base (6 KOH at’ 100°C) was tested,

ahd showed no*appreciablé ;oss in three days. But the issue is not -
séttied. The surviving carbohydrate does set an upper 1imit of 45%
on the protein and the éurviving protein in the smino acid analysis
sets a lower limit of 31%.

Since ﬁhere was éppreciable loss during the acid hydrolysis,
especially of tryptophan and methionine, neither of which were found
at the end of a 16 hr hydrolysis, the higher value is more attractive.
The direct results might be even higher if any appreciable inorganic

residue remained in the test sample or if the humldify in the testing
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- laboratory required a higher moisture factor than was applied. The

results could be i_mproved by determining the tryptoohan content in a 7

separate determination by basic hydrolysis. Methionine, if_present,
can be determined by u51ng a shorter acid hydrolysis time.

When the protein.and carbohydrate fodnd after hydrolysis were
compared, the results a.greed-within 1% for the- two samples even though
a subtle eryor was possible. The oarbohydrate content (and hence the
distribution) of sample #1 was evaluated With a standard which was
made simultaneously with sample #2 but w1th a different ninhydrin
solution. The agreement suggests a negligible error in this case,
but a second consideration is more signifioant. The protein content

was determined with the ald of amino acid standards which were not

. hydroljzed for l6-hr, 'Thé oerbohydrate standard received the samez. B
;treatnentges the samples, so that-the'hydrolysis loss was compensated
“for in the caloulation,_.This means that-the protein.found is low

and that the 31./69% distribution should be corrected toward the

© U5/55% value. The chromatograms can be re—evaluated when graphs of

amino acid hydrolysis are available. Applying a reasonable value of
10% hydrolysis loss.to the protein gives a743/57%-distribution.

Thus a large amount of protein is found in the Velella ficat
ard 1s not all removed by extensive washing. Is this protein a com-
porent of an adjacent membrane? Is it perhaps some component of the
mesoglea which becomes ermmeshed in the carbohydrate matrix? O is
it a true component of a glycoprotein macromolecule of which the float

is composed?
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The Millon and ﬁinhydriﬁ'treatﬁeﬁfs'indicate that-fhe prétein'is evenly-
distributed in the lateral dimensions of the.float. It was'possible
 to delaminate thé formalin preserved floats, and this suggests ﬁhat

the initlal synthetic process ié the dévelopment of a membrane—éheet
whjch.is of uniform thickness and topologically continuous. over the

: _éntiré‘outer_surface (figure 10). The detail of the horizontal_comﬁl

'  ponent (figure 4) indicates that this membrane sheet is completed
before it contacts therprior layer. 'The plcture emerges as an al-

' ‘ternating mltosls—synthesis cycle,*possibly circadian. The growth -
process 1s reminiscent of a man constructing a ladder as he c¢limbs.

This model is supported scomewhat by the observation that continuous

| synthesis is-illogleal in view of the structure and that mitosis

' énd'synLhesis_genefally:aré'éonsidefed mitually exclusive cellular
‘events. The failure to find a membrane between the float and the
Védjécent'cell 1ayer’bf.the’bfesérved'speCEmeﬁ Seers to eliminate
this as a possible site for the proteir. The protein is removed by

. treatment with KOH without disturbing ﬁhe shape. The filtrate does
not_contain.charable'material. Examination of the formalin treated
floats during KCH treatment reveals large pafohes of material sléughing
-.off.the float. These events seem contradictory; If the "patéh”
material observed slcoughing off is pure protein, how 1s the internal
protein removed? The patches were not analyzed and perhéps the cbserved
darkening and shrinking of the formglin treated floats result from

- incom@lete:ramamal_of protein. If the "patch" material is a portion

- of the outermost layer, which has been degraded by formaldehyde, 1t
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“should contain protein and'carbohydrate an hypothesis not investigated.

Formic acid is reported to "dissolve" chitinious material40 u5

perhaps this is a related phenomenon. Formic acld and formaldehyde |
both react with proteins. A study which combined theSe reagents with
the demonstrated acid and base effeots mlght prove effective in deter-
mlnlng the exact organlzatlon of the 1ayers..

The amino acid analyzer results do not reveal the nuﬁber of
pfoteins which are present, whether there are disulfide links (the
presence of half-cystine indicates the possibility?;or other proteln- |
protein orosslinks, oy whether the true'molecular’weight is a muiti—

ple of the minﬁmﬂn calculated. The similarity between the samples

. of whole float mz':l.ter'ia‘I glves “onfldence in the results, When the

vertloal wnd ﬂO”LZOﬂt&l components were analyzed seoarately a differ—

ence was obtalned'whlch haS'not-been studied further. In*tialdy_thls

seems to indicate at lezst two different proteins in the Tloat, one

'for-the vertical 1ayers'ahd ancther for the horizontal 1ayers{. The |

Jlayers are cbserved to be smoothly'oontinous at the Junetion and

guch a conclusion seems untenable. Sequenoing the protein(S) may
resolve the question. |

The presence of six lysines in the minimim m.w. protein and its
oersistence In the KOH treated float material Suggested that a special
relationship may exist between lysine and the ecarbohydrate. ILysine |
was then given special attention. X-ray dfagrams of "chitin" from
other animalslg indicate a recurring'structure of six and eight

monomer distances. Electron micrographs of "chitin" from hymenopteran
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b1

ovipositor ™™ indicate a six—sidgd_garbqhydrategstructufe-surraunded by -

© protein. While not confirmed, the conversion of the six monomer

- pattern into. the eight monomer pattefn when the protein is removed

suggests that the protein has six linkages per unit. The amoﬁnts'of
glutamic acid (7-8 fesidues),,prolihe (5-6) and valine (5) make them

candidates for such linkages, and the linkages may involve more than

~one amino acid. 1If a one protein model with six links to an octasacc-

haride 1s proposed so that all of the evideﬁce'from'the litefature-

and this analysis is satisfled, a protein with 44-60 amino acids

- (m.w. 7,000) results (figure 9). The name "velatin" is suggested

- for this protein(s) in order to emphasize species specificity.

“What can be sald about the relationship of the protein to the
meisture, the 1lipid and inorganic contents?  The relative mpisturé

sontent of the KOH treabed material (all carbohydrate) is the same

a5 in the whole flbaﬁisqrthat the prbtein seems to be as hygroscoplc

as.the cafbbhydraté; The presence of oné water molecule per amino
acid seams to be Indicated for the protein in the'inﬁacﬁ iayer at
Toom humidity. | _.

The lipid (of ether sdluble component) defies evaluatién other
than its possible participation in the organization‘of the float.at

some level., It might participate in a hydrophoble-hydrophilic trans-

 ition associated with the aggregation phenomena.

- The reports of microtubule 1"eag;g]feg'atz'.or'13’5;4

describe a calcium
dependerice. The presence of calcium In the whole float and its presence

after KOH treatment make possible its participatlion in the aggregation
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- events, The presence of a calcium-specific protein in other Jelly-

fish implies that such a proteln is to be expected in Velella, but

there is no indlcation that aequorin is identical to "velatin" or

that velatin is calcium specific. _

What significance-Can.be placed on the amino'acid/carbohydrate
monomer correspondence? The results Indicate that spatially the
carbohydrate and.protein are equivalent.' How can we remove such a
volume of protein Withéht destroying the structure? Do the c;rbohydrates .
rearrange td fill‘the Yoid?-'The_lateral.Shrinkage‘is minorg sogany

significant rearrangement must result only in a thinner layer and would

" not be observable. One gets the Impression that the_prqtein 1s not
- very important in the maintenance of the shape, although chiblinasée

‘and chitebiase de not degrade. the structure while the protein is:

11’22‘ {(Collagen is protécted from collagenase by a glyco-

3.2y, '

preserit

pPOte_‘Lrllna mmllarway _-Does- the protein- exercise 1ta bilom = ria T

logical function and specificity in the initial construction of the
layer? The overall shape of the float seéms to be.détermined‘by
difflerential mitosis 1in the adjacent cell layer, the layer itself
belng sufficieﬁtly'flexible (at 1east.initially!) to match the contours
of the previocus layers; The proteln function seems limited then to
the orgenization of the layer and the 1ayer~1ayér interactions. It
is spatially oriented relative to the Cafbohydrate chains so that
the glycosidic linkages are shielded from marauding enzymes.

The reaggregation of the centrifuged washings might tell more

and the significance of such a study is indicafted by the protein-
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'carbohydrate partlcipatlon in speciflc cell—-cell aggregation and the

failure to reaggregate after treatment with trypsin29 »31, MY,)B

To what extent does velatin participate In the extracollular

- pullding of the 1ayer? -Since cellulose (a carbohydrate) and collagenS‘

(proteins) both aggregaté spontaneously no preference is apparent.

Thefe is probably a concerted effect. -



CHAPTER 5
CONCLUSION
How does‘one'evaluate sclentific work? For analytical results

and persohal observations the.aﬁthor's statement of reproducibility

invites ready conflrmatzon if the reports are sufficiently detalled

Ancther evaluatlon requires an objectlve appralsal of how the investiga—

tor's time and sacrifice have been rewarded. What really has been
accomp}ished?: What value is there to the average pérson of a study.
of "jellyfish bones"? The words themselves invariabiy provoke humor
and ridicule. The objectivity Qf;the authcf's evaluation 1s thus
confronted by his desire to find sig;ﬁfiéance in the results and the
-discomfortjng subplc1on that nothing which “could not have baen pre-
'dlcted was found. A reasonable mlddle path is perhaos a statement o
of;what has been COnIlrmed, what 1s felt to be new, ‘and what possi-
bilities are suggested for further work.

The presence of chitin and protein in Veélella float was cor-
firmed and the common value of U5/55% for the weight distribution
was found. Calcium was again found associated with cormective
tissue. The carbohydrate was shown to be a B -linked polymer of N-
acetyiglucosamine, and the spdntaneous aggregation of chitinous
material was again cbserved.

The definition by Hunt19 of chitin as a protein-carbohydrate
complex conveys accurately the general bicture found in‘Vélella,

although some indication of the N—acetylglucosaminyl oligosaccharides
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' and the assoclated species—specific(”) protein as a glycoprotein
| ubunit in sequentially synthesized 1ayeﬂs will prdbably prove to
be a.more.descriptive identification. When all of the levels of
organizatiohland.their linkages have been detérmined the definition
will céuse less difficulty. | o .
Some hesitaﬁion at?aches to the designation.Of a finding as
“newﬁ and perhaps a more tentative phfaseology would be mbre appro-
| priate. However, "1t is'bautiously put fbrward-thét the statemeﬁt
by Brimaconbe and Webber that "Precise methods for the quantitative -
determination of chitin do:not exlst because the isolation and puri-
fication of the polysaccharide normaliy result in 1ts modification.

B should

Moreover, it is difficult to assess the purity of chitin
be medified for Velelia.flbét material, The basic 'treatment' of chitin =~

at room “temperature was. shown to glive a pr oduct of defined pUPltj,

of N-acetylation. The'dptimumiﬁydrolysis conditions for chitin.were -
found and the'applicatidn of Rondle and Morgan's colorimetric.detér-

39

mination methods were'shown.to be useful for chitin studles. The
absence of phosphorus was noted. Tﬁe utility of the amino acid analyzer
was demonstrated'for ehltin investigations"and as an analytical tool

in assaying purlflcatlon and separation technlques An amino aéid
analysis was cbtalned which was reprcducible and quantitative deter-
minations were found feasible for both the protein and carbohydrate.

The calculations of the aminc acld results provided the basis for the

construction of an hypothetical glyqoprotein which seems to correlate
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much of the evidence :'Ln the chitin liteﬂature 'I‘he author hopes that

a g;ood case has been made for repor"*ing anrlno acid analysis results
in mole ratios rather than the more conmon "residues per 1,000 residues",
The observation that the layers can be delaminated with formalin

treatment should prove useful in the future and suggests a sequence

“of" events in the morphological development of the float., The ob-

servatlion of a topologically continuous concentric membrane-like

(TeCM) structure provided an unexpected dividend for the author as it

provides support for a general hypothesis of biologleal aéti\fity58

which is based on the TCCM concept.

The Velella investigation seems to offer new insight into a number

' of biological events. The gap between DNA and f‘lnal shape seems

. somewnat narrower in the case of" Velel 1a and hopofhl;y The in ermedlates

_ ce11 at*‘aclment differenﬁia1 IﬁlL.O.al‘E'; and the extracellullsd” matru T e

can be isclated and ldek’ltJ.flPd The relationship bc‘ween spem_f ic cell-

can probably be determined more readily in Vélella than in a more-

camplex animal. The expected phylogenetic progression of structural

- proteins can be studied using velatin as a basis, A comparison of

the sequence of velefcin- with other structural proteins is Ito be eagerly
anticipatéd. New ingight is provided into the general synthesis of
merbranes, in which glycoproteins and glycollipids unite into a continuous
sheet, and into mucopolysaccharide "mucous" layers, in-which they do

not. The pecullar correspondence in the aminc acld and carbohydrate

mole ratios suggests an undiscovered relationship between protelns

and hexose-hexosamine, and an explsnation for the use of These par-

ticular molecules for morphological events.



7l

Tﬁe work which 1s 1__ef”ﬁ to do is .hwnili_ating on the one hand and
insﬁirational ‘on the other in the offering of a lifetime of challenglng
pursuits. As ‘a reminder for further work one might mention the various
linkages awaiting study, the amino acid s’equeﬁée of vel.afin, the
oligosacchardide length the is olation of the glycoprotein from the
mesoglea, the position of the oligosaccharide linkagesr (presumably. _
1,4), x—ray diffraction conﬁaérisons with other chitinous .'_mateiﬂials,

' _ de’cérgent separation methods, a study of the interrelationship of light-
; sensitive caléium-specific proteins and oflpur'plé pig_ments in circadién :
rhythms the relationship of calelum, silicon and wéter to the mati'ix, -
‘the relationship between calc:J.um and the contr'actil;ty of the muscular
margin, and the medlcal uses of a chemlcally defined chitin (mtra—

articular :mjecb an of chitin induc:es an arthritie conditlon*?’)
1ist is 1ncomp¢ebe but it is clear that Velella represents a SClen—

tifie feaut for 'ma.ny a1501p11nes

1 An extensmn of the introducto:y quotation might be appropriate
for a final statement. The extracellular matrix_ has its beginnings
within the cell, and there is a continuum which jncludes the golgl

apparatus and the cell menbrane surfacea)?. The function of the matrix

1g concerned with all substances, structures and events whlch occur
in the extracellular space: e.g. menmbranes, tissue f1luid, blood, ion
concentrations, phagocytosis, immne response, horones, toxicity,

synaptic phenomena, cell-cell interactions, nutrients, and gas ex—

b

change. The "complete knowledge of the structure and function of the

 matrix" 1s thus an anbltlous goal. .' Hopefully the present work is

TP S N P S DN,



- nm:n.:;;.iJ:‘mI.m-["

- a-contribution.-- -

One is naturally reluctant to conclude an cbviocusly incomplete

- work; the author therefore announces ....

~a beginning-

75
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Table 8

Systematic Identification Of Velella lata

_thlum Coelenterata (Cnidaria)} Coelenterates. Symhetry ._
radial or.biradials the individual either a cylindrical
gegsile polyp, often in colonles. or a free—floatlng
bell-1like medusa with much mesoglea; with stlnging
neﬁatocysts: digestive cavity (enteron) sac-like, '
sometines branched; saft tentacles about mouths no

anus, no head, no other organ systems; nervous system

' diffuse; some wlth eyeepots, or statocystsx reproductlon

~usually asexual in polyps and sexual in medvsaef
dioecious or_monoecious: no sex ducts: all aquatlc.
‘ehiefly marine, attéched_or floating; Lower Cambrian

to Receqt, 10,000 speecies.

_ Class Hydrozoa, Hydroids (and some medusae).TNo stomodeum;_ '

-~ enteron lacks partitions and nematocysts; mggoglea.

_bonecellular; medusae usually small znd with velum
(eraspedote)s chiefly in shallow salt waters; colonial
or solitary; 3,700 specles. '

Order Hydroida. Polyp generation well developed, solitary
or colonial, usually budding off small free medusae
that bear ocelli and ectodermal statocysts.

Suborder Chondrophora (Physopherida). Polymorphic, colonial,
free-floating) gonophores feed as medusae; upper end .

of colony a _float or pneumatophore. Velella, float

thin, with erect sail;y Porpita, float disc-shaped.

{from Storer, Tracy Y. and Usinger, Robert L., "General

Zoology," 4th ed., McGraw-Hill, New York, 1957)

o



Phyla 0f

98
Table 9

The . Animal Kingdom

 Protozoa

Megonzoa
Porifera

Coelenterata

Ctenophora
Piatyhelmihthes
Neﬁertinea
Entoprocta
Aschelminthes
Acanthocephala

Ectoprocta

~ Phoronidea

Brachiopoda
Mollusca

Annelida

_Sipunculoidéa

Echiurcidea
Arthropoda
Chaetognatha
Echincdermata
Pogonophora

Hemichordata

- Chordata
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A

(b) tThree dimensional schematic rapresentation
illustrating TCCM model

Pigure 10, Hypothetical Constructlon of Velella lata Float
Baged on a Topologleally Continuous Concentric
Membrane (TCCM) Model
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