
whether potato "apymse" is a mixture of ATPase 
and ADPase, the ratio of which in any given prepara- 
tion depends upon the procedure employed. 
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Nudibranch Spicules Made of Amorphous 
Calcium Carbonat&' 

Howard T. Odum 
Department  of Biology, 
University of Florida, Gainesville 

The occurrence of amorphous calcium carbonate in 
nature has m~*illy been proved. The principal known 
case is that of the calcium carbonate in sorne arthro- 
pod exoskeletons. Blayer and Weineck (1) denlon-
strated by x-my diffraction that the exoskeletons of 
Astactis and Ju lus  contained amorphous calcium car- 
bonate. 

A second interesting case is that of the spicules in 
the tissues of the nudibranch niollusks. Fifty per cent 
of the dry tissue is made up of calcium carbonate 
spicules about .5 mni long. The mineralogical form 
of these spicules has been in dispute. Schmidt ( 2 ) ,  
using optical methods and specific gravity measure-
ments, concluded that they were vaterite. But Rinn6 
(3) found no x-ray diffraction pattern and concluded 
that the spicules were amorphous. RIayer and Weineck 
( I ) ,on the other hand, found an x-my diffraction pat- 
tern characteristic of vaterite. Their specinlens had 
been preserved in 70% alcohol. 

I n  the present study three careful attempts were 
made to obtain an x-ray diffraction pattern of the 
spicules in the dried tissue of Arckidoris.' 0111y a 
faint halite pattern was obtained from the few halite 
crystals visibly scattered anlong the preponderance of 
calcium carbonate spicules in the dried tissues as 
teased under a microscope. After ashing, the x-ray 
diffraction powder pattern consisted of a strong cal- 
cite pattern and the same weak halite pattern. These 
studies are a confirmation of the presence of amor-
phous calcium carbonate in the spicules of the nudi- 
branch Archidoris. I t  seems likely that the vaterite 

1 From n dinsertntion on The Blogeoch~mistry of Strontiilm, 
presenttyl to the f:lrnlry of T t ~ l r  I'ni\.rrrit.\. in pnrtinl fnltill-
ment of rt'qnircnlcmtv fov the P1i.L). tltxrrr. (:r.ntel'ul rll)~)rc*cin- 
tion is esl)vr-ssr~l to G .  R. TIntchinnou for hi?: tlil'ec'tloll nntl TO 
EIornce \\'incl1~11. o f  t l ~ r  L;tborutory, Tale J3i.ush ~Iincralogic.1~1 

Unirersit.v, for use o f  s-rrly fncilities. 
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may occur as a transformation product resulting from 
conditions of preservation. The subnlicroscopic mor- 
phology of these amorphous but birefringent spicules 
is an unsolved colloid problem. 

I n  the case of these spicules, as in the cases of other 
biological skeletons, a consideration of three levels of 
integration is required. Molecular patterns alone do 
not yield a complete description, for the arrangement 
of the molecular units a t  colloidal and nlicroscopic 
levels is also a major aspect. 

In  their gross form the spicules of Archidoris re-
semble the calcite spicules of some octocorals and the 
opal spicules of some sponges. It was Schmidt ( 2 )  
who generalized that organisms often build similar 
skeletons out of entirely different chenlical substances. 
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The Heparinoid Nature of a 
Serum Mucoprotein' 

Ezra M. Greenspan2-

Clisical Research Unit, Nat ional  Calzcer Institute, 
USPHS Hospital, Baltimore, Maryland 

A possible role of the serum mucoprotein fraction 
in blood coagulation mechanisms was suggested by its 
acidic properties and high polysaccharide c o n t e n t  
characteristics common to heparin and to synthetic 
sulfonated polysaccharide esters ( I)  with a'nticoagu- 
lant activity. Increase in the polysaccharide/protein 
ratio and reduction of the protein component within 

Frc:. 1.Tnfltlence of mucoprotpin concentrntinn on the whole 
bloo~l c n : ~ p ~ ~ l ; ~ t i ~ ~ n  time (Lre-\Vl~ite) of 0.9 1111 of fresh h l~mnn 
hlootl. F r t ~ h  I~lontl ~ r n s  : I ~ I I C I I  to 0.1-mI nliql~ntaof a n  ox 
rnl~(.oproteiu solution prepared In Y/5 phosphate buffer (pH 
7.4). 

1 A  prelimi~lnry r ~ p o r t .  These studies were initinllg pre-
sentetl a t  1111. C o ~ ~ f r r ~ s n r ~oil 1"olic Aritl Antilxot~istx in Neo- 
plt~qi:~.>III~(+II  IIospitnl, 1{1rston, Mass. 11. I!).-11.'I!l1+1 Cl~l l~lren 's  


P \\'ith the t ec l l~~ ica l  
assistance of J. Dolores Johnson. 



not yield proteins with anticoagulant activity, al-
though similar treatment of sevrr:ll polysaccharide-
rich globulin fractions (IV-4, I\'-GI and IV-7 of 

9 Cohn) resulted in  complexes with a clot-retarding 
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MUCOPROTEIV (MG) 

F I G .  2. Relationshtp n ~ l ~ c . o l l r ~ ) t e i ~ ~of conrentmtlons  to  tile 
clotting titllt- O P  rec~ttlcifi~~d I I I I I I I ~ I I I~ b l i ~ s t ~ ~ i ~ .~~ort i l i l l  The \vide 
lowt-I- line s i~c~\ \ . s  O Y  ut' 0.1-1111 tlliqllols oft he  I . C . S I I ~ ~ S  i~<i t l i t in t~  
ox o ~ u c o i ~ n ~ r ~ ~ i t ~~~ l~os lb l l i~ tv  I I I I I I I ~ I ~in J l / B  1s11tTt-r to 0.1 1111 of 
plt1s111:1 vlntttvl 1b.v l l ~ e  IJtlick 'FIII, <!lottil~g titnes 00- I I I V I I I ~ B ~ .  
servtvl \v l l l~  lI.2-tnl i ~ l i q t ~ o t snf 11111coprot6-in. 11ltts111t1, an11 
t h r o ~ n l ~ o l ~ l ; ~ s ~ i ~ ~ ,ivt.11 i ~ stlie c4Yvet of 0.1-1111 nl iq t~ots  UPa s  
m u c t ~ l ) r o t r i ~ ~011 the clnttltlg of 12..i% i ~ l ; ~ s ~ ~ l a(Shuyiru-Link 
method); a r e  i~ltl icated by the  t h i l ~  l i l ~ e s  ubuve. 

the serum mucoprotein fraction were recently ob-
served (2) in patients with either unco~nplicated 
hepatic insufficiency (hepatitis, portal cirrhosis) or 
diseases characterized by abnornial globulin formation 
(multiple ~uyelonla, kala-azar, etc.). 

IIucoprotcins were isolated from dog, ox, and 
human wruln by two methods: (a) ammonium sul-
phate ( 3 )  precipitation followed by dialysis; (b) 
precipitation ( 3 )  with phosphotungstic acid. Both 
methods elnploy precipitation with perchloric acid for  
the initial exclusion of the serum albun~ins and glo- 
bulins. hiucoprotein fractions isolated by ~ncthod (a) 
showed np anticoagulant activity. A elot-decelerating 
action on whole blood (Fig. 1)and recalcified plasma 
(Pig. 2) was observed with buffered solutions of 
mucoproteins obtainchd from the three species by 
method ( b ) .  Precipitation of pepsin, protami~le, o r  
human serum albuniin with phosphotungstic acid did 
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activity approaching that of the lnucoprotcin. 
0ptinlo111clot-decele~.ation of tnuc.opl~otcin solutions 

occurred a t  p I I  range 6 2 to 7.5 in phoiphate, barbital, 
borate, or inlidazole buffers. Solutions \velae stable on 
s t a ~ ~ t l i n g  by heat for  54 Ilr and were not i~~nrt ivntcd 
of 63' C f o r  20 111in. The approxinlnte anticoagulant 
activity of several mucoprotoins on whole blood was 
1/50 to 1/150 that obtainable with a conin~ercially 
arailal)le I~clporin (Abbott) . The activity of isolated 
thr.onlboplnstin ( 4 ), thrombin ( 5 ) , ors fibrinogen (5) 
was not inhibited by direct addition of lnucoprotein. 
IIo\x~er7er, the clot-decelerating effect of rnucoprotein 
on plasn~a could be easily prevented by the addition 
of an escess of either thrornboplastin (Fig. 3) or, 
to  a lesser estent, of thrombin. Nlucoproteius pro-
duced a metachromatic reaction with toluidine blue. 
Co~nples-formation or binding of an O Y  nlucoprotein 
by protamine solutions blocked the deceleration of 
whole blood clotting time (Fig. 4) and of pro-

\ {/""tein Concentration 
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RATIO MUCOPROTEIN / PROTAMINE 

FIG.  4. Bllicoprotein-protanline t i t r t i t i n ~ ~ son the  elotting 
tinw uf fr+*sh ivhole I J I I I O ~ :0.1-1111 i11iq1111ts of l)t,otuinine 
(I,ill.\.) I I I I ~~ I I I  O Y  ! ~ ~ n e o ~ ~ r ~ t e i n(.11/10 I~ t~ r l~ i t i t l~ I I I W ~ ~ .pH 
7.4) ivv1.e 111;1c+~l 5 111111 in-in I,e(~-\Vhite vI(bttlrig l ~ t l b t * .  .\I'tt-r 
c i l l ~ r l t i t ~ ~ ~ .t ~ t?So  C. 1 1111 of hunl t~nI I I < I I ~ I Ii v ; ~ ~f r (%sI~  itdrled. 
T l ~ t -  t t t l~ ing \vits ~ t i i r t+v l  \v11~11 i11t::1d WUL) added to  t h e  first 
tube. X. C. (GO) = n o  clot a t  GO nlin. 

thrombin time. The optimal ratio f o r  binding was 
4 to 10 parts of mucoprotein to 1 part  of prota-
mine (Lilly). The addition of 1.5 mg of nlucopro-
tein increased the prota~nine titration (G,7), per-
formed by thc Allen (8) technique, in a representative 
esperinient, from 80 to 120 pg, A.dcfinite relation- 
ship between protainine binding and the niucopratein 

I I I I I I I I I I 
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 levels of sera fro111 normal or abnor~nal  subjects could 

THROMBOPLASTIN % not be established by means of either the protamine 
FIG.3. Effect of mucoprotein on t h ~  nctivitr  of t l~romhop- titration (Allen) on heparinized whole blood, o r  the 

tire tile clt~tlinj:  t i n ~ e s  U I  ~ I ~ I S I I I I I Sill ah ivh  lastin. I I l ~ ~ s t r t ~ t ( v I  binding capacity of fresh uiiheparinized whole blood 
0.1-1111 aliqnots of vt~rioltu coucc*lltr;;tio~~* tl~ro~nlbol~litstin 
(DiYco) \vt'l'r ; t t ld~~t l  

of 
ox (~neasured by the escess of protamine, which, in the to 0.1-1111 s11111lblt's of rln ~ n l ~ ( . ~ ) l ~ r o t t % i n  

prior to The res t~l tx  \vilh the 1111til.r control r+~~~; i l c i f i c~ i~ t i t~ r~ .  
(lU/lO ~ ) I I I ~ I J I ~ I I I )sho\v11 !n the  loiver !vicle 1i11e: the  I I I , ~  ln-
creasing conc'r~ltrntioils of m ~ ~ c ~ ~ i ) r o t e l r l  tofro1110.35 l..i 1111 
a r e  sho\v11 in :~xc.t,ntling ortlvr. I n c ~ t l ~ , ~ t i o n  tvirho f  ~n~~c.ol ) roteIr~ 
the  t l ~ r o ~ ~ ~ l ~ o ~ ~ l i ~ r t i n  for ii tnin ttccor(1lng to Tnvtinti~ls '  n11~thod 
showr(1 I IO  of n tlirectt%vi~l+~nce antithrol~lboglastlc action. 
N. C. (GO) = n o  clot a t  GO sec. 

unconibined state, inliibits clot for~nat ion) .  However, 
all sera in which increased protalnine binding was 
observed also manifested an elevated mucoprotein 
level. Since the serum mucoprotein f lmtion obtained 
by method (b)  combines with protauline or toluidine 



blue, fails to influence certain isolated components 
of the clotting ~nechanism, and acts principnlly on 
the first phasc of coagulation, its rclativcly wcitk 
anticoagulant action may be tcrlncd 'Ll~t*parinoid" in  
nature. The rclittionship of various n~ctilocls of iso-
lation to anticoagulant property will bc r c p o ~ t c d  
elsewhere ( 9 ) .  S o  correlation of tlie serunl ~nuco-
protein levcl with certain hcinorrhagic syndro~ncs re-
ported to be associated with the prcsencc of heparin- 
like substnnccs (10, 11) in the scrulil has thus f a r  
been observed. 
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The Percutaneous Absorption of 
Water Vapor1 

Health Instrrr~~zerrt B i o l o ~ yDivisiorz, 

Gerzeral Electric Co:upusy, Richlaird, Washiegioit 


A reccnt paper I)y Szczcsniak, Slirrnlan. an11 ITarris 

TABLE 1 


PERCUTANEOUS O F  WATER BY THE
ABSORPTION VAPOR 
Ra.r FRO31 A SATURATED AT 30° CATMOSPIIERE 

Method of sampling 	 Total No. yg water/cm2 
exposures skin/min 

In~n~ediateblood sample 66 2.5 5 1.3 
24-llr blootl s:~inl)le 23 4.2 2 1.2 
Totill body \r:~tcr sample 49 3.0 '1.5 

The liquid in the cup does not come in contact with 
tllc sl<in but scl.ves ns a reservoir fo r  the ulaintenance 
of an at~l~ospl~cr( l  saturated ~vitll wi~tcr  vilpor. 

Thc all~oullt of water cntcring the ilnill~al w a s  de-
ternlined I ~ f o r  t~ ' i t iu~l l  I	 l~adioinctric ana lys i~  in eitlier: 
( a )  a blood s:lllrplc ~vitllclrawn froni tlicl I ~ ( ~ l r t  illin~cdi-
atcly follo\ving csposurcs, ( b )  a blooti P ; I I I I P ~ C  taken 
apl)rosin~ntely IS-24 hr  after the csposul.e, or (c)  a 
sntnplc of the body Ivatcr obtained I)g weotropic dis- 
tillation of tlic ground aniul:ll with bcnzc~ie. Analyti- 
cal rc~sults cl)tained on the 24-111 blood s i ~ n ~ p l e s  were 
corrcctcd for  the biologicill half-life of t~'it iuul qside 
in the rat, rvl~icll tiule has bcen deterl~lincd to be ap-  

pcrcutancwus al)so~.ption of watcr I)y ixts  ilnlllcrscd 
in 40% dcutcriulll oxide solution. This p r ~ ~ l ~ l p t s  ns to 
report solnc obsrrvations ~ v c  have nlade on thc~ l)tlr- 
cutaneous abso~*ptiol~of water viipor, usi l~g tl'iti~lln 
oxide as  a tmcr~. .  Although there 11:lrc I~rcn I I I : I ~ I ~  

studies and S I I I I I ~controrcrsy ovcr tllc pcrcntant*ous 
absorption of \v:ltc~ f ram the liquid stntc (rc~vic~~vc~tl l)y 
Szczesnialr et 01. [ I ]), thcrc has not, to our linc~\vltrlgc, 
been any attclnpt to denionstrate such absorption uf 
water v:~por. 

Our cspc~.inlcntal procedure involved the esposure 
of a shnvcil arc:l of the al)dominal ski11 of 300- to 4W-g 
rats to an atnlospllc~rc of tritium-labrlrd 1v:ltcr w p o r .  
The ani~nnls \vchre untlcr Kcnlbutal ancsthcsia, and ex-
posures werc i l l  niost cascs of I hr  dur:ltion. 

The esposurc c.ll:lnlbcr consisted of the fcmale mem- 
ber of a glass 11;lll-and-sockd type grountl joint ~ v i t h  
a cross-scction:ll arrn a t  the open end of G.G c ~ n <A 
small cup to l~oltl tlie aqueous solution of tritiut~l oside 
was suspendrd in the chamber, and the opclrl cntl of 
the esposnrc c1i:inlber was hcld against thc r ; ~ t  slii~i1)y 
slight prcssurc. 111souic of the initi:~l csposurQes the 
chanlber was sealcc! to the skin rvitli collotlion, but 
later this precaution was found to bc unncccssm#y. 

l I 4 : 1 ~ c , i l  on \vr~rlc~ ~ c ~ r l ' o r n ~ ~ - t lI I I I I ~ P PConlri~ctSo.  \V-31-lo!)-
Eng-32 for 1 1 1 ~ .A111tnlt' I:III-I'~.V C ~ I I I I I I I ~ S ~ ~ ~ I I .  

PTlli~nlis nre c111c' R. C. Thompson lor 111scool?crntion nnd 
8uggc~sti1111ri. I:. Thorburn for r u d i o ~ ~ ~ u l ~ s i s  the: I I I I I  C. of 
muny siln~plea rryu ired. 
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(1) dcscril)c~tlit11 cspc~.imcnt which t l ( ~ ~ ~ ~ o ~ ~ s t ~ . i ~ t t ~ ~ l  tllc! given aninla1 was a s  1:11*ge as  that bct~vco~r esposul+es 

prosinlatclg :l days. Lletails of thc p~.occtlure used in 
the  mdiotulalysis of sall~ples and ill dctc~r*mination of 
thc hiologic:~l 11:llf-lifc will hc repo~-tc.d clse\vllrrc. 

About two thirds of tllc data wcve oljtaincd from 
single espcsurcxs. Thc rcst \vcrc obtainc~cl froln csperi- 
nients in which ani~nals  1vcl.e csposcvl rcq~c~:ltc.tlly a t  
24-hr intervals, thc anlount al)sorbetl ill a single cs-
posure bei~lg dett~rlllincd by thc difference in a c t i ~ i t y  
bet\z.eeii pre-cxposurc and post-csposure 1)lood sam-
plcs. Thc rtlriation bct\vecn different esposurcs of a 

of different aninlals. Tlic statistically sulnnlarizi~d re- 
sults arc given in Table 1.It is obvious that coluplcte 
equili!)r:~lion of the absorbed water vapor with the 
bodv water ilid not occur until aftcr tlic ilnmediate 
ppst-esposurc blood sanlple was taken. I t  has been 
sho\vn previously that subcutaneously injected water 
in the hulnan docs not beconic equilil)r;!ic.d with the 
body fluitls for a n~a t te r  of several hours ( 2 ) .  

Considcling thc al)sorption/cln2/~llin to be 4 vg, 
and taking 500 cln2 as  the totnl surface arc.a of a 350-g 
ra t  ( 3 ) ,tllcli 2.000 ~g of ~va tc r  is al)sc)~.l~c~tl hy the r a t  
per lninutc fro111 an a t~nosp l~ere  saturatt.tl\vith milter 
vapor. This is nn interestillg quantity conlpared with 
the ~va te r  irltalie via the lungs which, assunling a n  air 
intake of GO ~ n l / n l i ~ ~ ,would absor11 2,000 @g/rnin from 
the same atnlosphcrc. T l ~ e  calculations fo r  oll c1:lta in- 
volving tnicrogl-atns of water penetratir~g the skin were 
nlade with the assu~nption that tritiu~ll acts like hydro- 
gen, even though this is pl,ob:tbly not str0ic.tly true. 

The effect of wry ing  water vapor pl.cssure and the 
estcnt of absorption in other aninlals are  being in- 
vestigated and will be reported i n  detail later. 
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