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Oggetto: trasferimento in it inere del P.N. dalla base di armamento al proprio domicil io

Riferimento: awicendamenti nollurni da basi non di armamento

Premesso che I'art. 11 del CCNL PNT e l'art. 20 CCNL PNC prevedono che: "il Personale
Navigante DEVE provvedere a presentarsi in servizlo presso la base di seruizio con i propri
mezzi" e che, conseguentemente, anche il rientro presso il proprio domicilio viene effettuato
con gli stessi, la scrivente Organizzazione Sindacale rappresenta che gli avvicendamenti
notturni che insistono su aeroporti non base di armamento con destinazione SVO mettono a
repentaglio la sicurezza del Personale Navigante durante la fase di rientro post-volo al proprio
domici l io.

Sebbene la struttura di detti avvicr-.ndamenti sia in l inea con i requisit i normativi per ciò che
attiene la sicurezza dell 'Utenza (PSV inferiore al massimo giornaliero consentito per la
tipologia di irnpiego), i turni generati ignorano palesemente lo stato di affaticamento del
Personale dipendente derivante da periodi di veglia continuativa superiori alle 17 ore.

Si evidenzia che il periodo di veglia continuativa generato dalle turnazioni di cui sopra, in
termini di prestazioni provoca effetti uguali a quell i causati dall 'assunzione di alcool che
determina il ritiro della patente per guida in stato di ebbrezza (vedi estratti dei documenti sul
tema dell'Australian Government - Civil Aviation Safety Authority "Fatigue - the Rules are
changing" 2013 e della Rivista NAT'URE - VOL 388 - 17 JULY 1997 allegati).
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Tutto cio premesso, richiediamo con cortese urgenza I'istituzione di misure alternative di
pianificazione dell'attività di volo che tengano in dovuto conto quanto esposto, giacché, a
parere della scrivente, l 'Operatore ha l 'obbligo morale, oltre che di legge, di mitigare al
massimo le occasioni di rischio per i propri dipendenti durante i l percorso di trasferimento in
it inere alle proprie abitazioni.

Rimaniamo in attesa del Vostro cortese riscontro, in assenza del quale non esiteremo a
ricorrere alle iniziative di Legge in termini di tutela della salute e sicurezza dei lavoratori.

RSA FIT-CISL Trasporto Aereo
Personale Navigante
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One obvious hazard of fatigue is thert the fatigued fl ight crew member falls asleep while
on duty. This was the s;cenario inr 2008. Air-lraffic controllers frantically radioed go! Flight
1002 for 18 rninutes on 13 February 2008. According to the National Transportation
Safety Boiard (NTSB), l.he two gc ! airl ine pilots fell asleep while flying from Honolulu to
Hilo, cruising past their destination for 18 minutes before waking up and returning for a
safe landirrg,

This fall ing iasleep can alscl take the form of a rnicrosleep, which is a brief momenr
(generally between two and thirtv seconds) when a person starts to enter the first

rr ,. , 
stage of sleep possibly with their eyes sti l l  open,
sonîetimes for less than a few seconds before

...
unaware that they have experienced a microsleep and

may continue to perforrn simple repetit ive tasks while asleep. For someone performing
a routine low-risk task this is not crit ical. However, for f l ight crew it is very dif l 'erent. An
aircraft travr;lling at 250 knots on a glide path can cover over 400 feet in one second-
the duration of a microsleeo.

The safety irrrplications clf fatiguer in aviation are reinforced by findings in other transport
industries, When truck drivers volunteered to wear sleep-monitoring equipment while
they worked, researchers were ama.zed to find that some drivers were showing signs of
the first stag;e of sleep while driving on interstate highways.

Sleep deprivation impairs the brain'i; effectiveness, with research showing it can
produce effects very sirnilar to alcohol consumption. On{he-job performance loss
for every l 'rour of wakel'ullness between 10 and 26 hours is equivalent to about a ,004
per cent rise in blood alc;ohol cotrcentration. Seventeen to 18 hours of wakefulness is
usually considered to be equivalent to a blood alcohol concentration of about .05
per cent. In the safety-crit ical aviiation environrnent, this could result in tragedy.

Peoprle are notoriously poor judges of their own level of fatigue. Asking a fatigued
person if they are OK to keep wc,rking is a bit l ike asking someone who is drunk if they
are OK to drive.

Even if we are not good judges cf how tired we are, we can still keep track of how
long we have been awake, how rnuc;h sleep we have had recently, and the quality
of that sleepr.



Fatigue, alcof^rol and
performa nce i rn pai rment
) cducc t l  oppo lLu r t i t y  l ì r l  s l c cp  r r r r t l
l l  t  c . l L r . ec i  s l ecp , ; t r , r l i r  y  ; r  r c  f l cqucn  t l y  l c -
lafcd !o accidents involv ing shi l ' t -workers '  '

Poor-c1.r alily sleep ancì inadeqr"ra te recovery
lcads 1o iLrcreascd fàtigue, decreased alclt-
ness and ìrnpaire'cl perfomrance in a variety
oI cognitive psychomot-or test.s4, l{orvevcr,
the risks associatecl witl-r faLigue ale not well
quantified. Here we equate the pcrlolr.nance
irrpailmenI car"rsecì by fatigue rviLh lhat clue
to alcohol intoxication, antl show thal rnrtd
elirte levcls of làtigne proclr'rcc higher- levels
ol ' i rnpairment f i ran lhe proscr ibed level  of
alcohol int oxication.

Forty sutrjects par'licipafecl in trvo coun
tr:rbalance<l experinrcnts. ìn one they wcrc
kept awake for 28 honrs (florl 8:00 rrntil
l2:00 the lbllowing day), ancl ir.r the other
they were askecì to corlsumc l0-l 5 g alcohol
al 30-rnin intelvals liorn 8:00 ur-r1il their'
nean blood alcohol concentration reaclred
0. I 0920. Wc rneasured cclgn i Live psychonrolo r
perfolmance a1 I'ralf'-Lrourly inlervals trsing a
corìlputer-ìdrriuistered test 0f hantl-cye
coordination (an unpreclicLable Lracking
t.ilsk). Results are: cxplcssed as a percentrge
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Figure I Scatter plot and inear regression of rneaì

relative perfoÌmanoe evels against: a, Ììme,

between the ter'ìth and îwenty-sixth hour ol sus-

talrred wakefr: ness (F,,,r..1329, P<005, Rrl-,O92)l

ard b, blood alcolìo concentratìons up to 0ll lo/0,
(1.:. 2.1-54 4, P < O 05, fi 'z-O 69)

of pcrlÌ;rmance a1 the start of llte session.
Perlbrmance clecr-eased srgnilìcanlly in

LroLrh cont-liLions. lletu,eetr fhc tc.ntl-r and
tr.r,cnty six[h hor.rrs of wakelìrlness, mean
lelativc, pcr{brmance on the tracking t.ask
tlerclcased by 0.74o/o pel hour. lìegression
aualysis in lhe strst"trined wal<efiLlness condi-
tion revealed a linear colrelatìon beLween
mean relatiye periòrmance and hours of
w;lkefnlncss thal accorÌnted fbl ror"rghly
90(/o of  Lhe val iance (Fig.  la)

lìegrcssioL.r analysis in the alcohol condi-
Lìon incl icated a s igni f icanL l ineal  corre la^
Lion between subjccl's nrcirn Lrlood alcohol
concentral"ion and mean relalive pelfor'-
marrce thaL uccounled for loughlv 7}olt ol'
Ihe var izrnce (Fig.  ]b) .  For erch 0.0lo lo
inclease in bloocl aL<.tlhol, performance
de clea:;ed by I.l60/o Thr"rs, at a rnean blood
al :ohol  concerr l rat ior i  of  0. l0(%, mean rela-
[ir.c pr:r{ìrrmance on the tracking lask
t-lecreaset-i, or1 average, by 11 .60/o.

Ecluating the [wo rates at rvhich perlor-
mance tlcclinetl (percentage decline per
hour of rvakelilness ancl pelcenLtrge clecline
wi lh change in b lood alcohol  concenl la-
tion), we calculatecl that the perfolrnance
decrcrnent f'crr each honr of wakclulness
be twee n 10 antl 26 ltours was equivalenL to
Lhe per forLlance tlecrernent obser vecì with
a ) 004,%t rise in blood alcohol concenl-r'a-
Liorr. 

'l-herel'ore, 
after t7 honrs of stistainecl

wakefìrlness (3:00) coSnitive psychon'rotor
pcr'lorrnancc dccreasecl to a level equivalent
kr the performarnce impairment obselvecl irt
a b lood alcohol  conccrr l rat ion of  0.05%.
This is the pr'oscribecl level o1 alcohol ìnto-r-
icaf ion in nlany wcstcnt inclr.rstrializetl
courtfries. Ailer 24 hor,rrs o1'sustainecl nake-
f t r lness (B:00) cogni t ive psychomotor per ' -
[brnarLce clecreasecl lo a level equivalent to
[he pcr'lbrmance defìcjt obser:ved at ir blood
al<:ohol  concentral ion o1 roughly 0.10%.

Plotting mean reìalivc perl'<rnnance ilnd
bl,rocl alcohol concentra tion 'ec1uìvalent'

against hours of rvakcfulncss (Fig. 2), it is
clt:ar' LtraI tLre effects o1'modcrafe sleep loss
orL perlolmance are similtlr to nrodclate
altnhol in[oxication. As about 50o/o ot'shift-
wurl<els do no1 sleep ou the cìay belbre the
firsL nigl-rt-shì1t5, irncl levels of lìrtigue on
subseqrrent  n ight-shi l ' ts  can bc cvel t  h igher" ,
olu dala indicaLe that the pell'orrnturce
inrpairmenL assclc ia lcr l  wi lh shi fL work
coulcl be even !,reater tlran reporLecl here.

Our results unrtlerscore the fact that rela-
Lively nrcclelate levels of fa[igue impair per-
fòrt.nance to au cxtert equivirlent to or
grrraLer [halt is ctrlrcntly acceptable [or'
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Figure 2 Perforrnance in the sustalned wakefuliless
conottron expresseo as mean relatlve pefiorrnance
and the percenlage blood acohol concen[raiion
equivalent Eflor bars I s e In

al cohol i nloxicirtion. lly expressin g fatigue-
related in-rpairmerìt as a 'blood-alcol'rol

equivalenL', we can plovide policy-mirker.s
rrnd the cornmunity rvith an easily graspecì
iucle,r o[ lhe relative impaimtent associated
with làtigue.
Drew Dawson
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Entropy difference
between crystal phases

ln a lecenl. l,cttcr', Wooclcock reported the
results of a urolt:cular dynantics stucìy in
wl-rich he claims lo havc finally cle[erminec]
thc fiee-energy di{Terencc betr,veen the
hexagonal close-packecl (h.c.p.) and face-
centrcd cnbic (1.c.c,)  phirses ol 'a crysLaL of
(classical) harcl spheres. Woodcock leports
a small positivc rlifference in thc ret-lucecl
Gitrbs free-energy, rvhich is ecluivaÌent to a
dil'l 'crence in Lhe redr-Lced Helmlioltz liee-
e nergy of AF. = (li,q, - F,..)/lìT: 0.00s( I ) at
the nrelting tlensity (R is the gas constant, I
is  the absolule temperí t ture,  ancl  lhe nnm-
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ber in parcntheses is  the est inratcd error  in
lhe lar;t- dìgit). As Wooclcoch <.otrectly
points out ,  the calculat ion o{ ' the rc la l ive
stabi l i ty  of  l l re f .c .c,  and h.c.p.  phases of
hald spheres is a long-standing problem in
slal"istical physicr;. Al"tempts to rt:solve it
date back to thc'work of ALier, Hooycr and
colleaguest s, ancl rlost recenLly, a direct
simulalion by Flenkel ancl Ladd6, obtaining
the bounds o1' Ilelmholtz lree-crrergy of
-  0.001<AF < 0.002.  Woodcocl< 's est imate
is incompatible with tl'ris lzrttel restilt.

' lb 
resolve thil; issue, wc rnade accurale

calculatiors of [[-re lree-energy c1iflì:r'ence
between h.c,p.  arrd Lc.c.  hard-spheLe crys-
fa ls both aI  the rnel t i r lg densi ty (73.6% of
the dcnsrty o1'regular close pacJ<ing) and at
close packing, using two different n-relhods.
We f ìnd that  AF :0.0009(2) at  r re l r ing,  a
result" Ll-rat is cluite consistent with tlre earli-
el work, but is lìve times sn'rallcr ltan
Woodcock's estinra[e. Woodcocl< cLocs not
explain how he arrives at an errol esttnate
oÎ 20ok --- our work suggesLs that the
numerical  error  in h is lesul l  must  have
treen fonr tir-nes largel lharn [hr: entire
h.c p.  -  I .c .e.  I rec-cncrgy di f fcrence.

Ncvertheless, we do agrce wrth the sign
of Woodcock's esliurate - the f c.c. crystal
is indeecì nrore stable than the h.c.p. crystal,
This might explain the tendency [owards
f.c.c. packìng seen in sonre experìntenÍal
s[udies ofhald-spl- rere col Ìoìc ls7.  ln one set
of  s imtr la[ ions,  we used the 

'Eiustein-crys-

ta[' methodqn, sinrulating crystals of 12,096
hartl spheres (slightly lar ger than the lirrgest
system studied by Wooclcock), anci comput-
ed the Hchlholtz. free-enelgies ol' the two
plrases using a ?-0-point (ìar-rss-Legeuclre

qundrrrture. lìvery point in this cluadrattrre
involvecl a Monte Callo simulatiurr of 10s
tt'ial moves per palticle, excluding equili-
bration. We find that the flee-energy <liffer-
ence betlveen h.c,p. antl f.c.c. at melting is
AF' :0.00087(20),  and a[  c lose packing
AF'=0.00094(30).  T 'he sta l is t ical  e l ror  was
cornpu ted on the basis of thc varianr:e il Lhe
block aver:ages of Lhe individual A4ont-e
Carlo rLrnse,

We also perfbrmed simulations nr;ing a
ncw'mul t i -hami l tonian'  me[hod ( i ì . -C.  lv l .
and D. A. H., nanr,rscript ìn plcparation)
t ì r a t  d i l ec t l y  c r l u i l i l r r i r t c s  t hc  h . c . p .  r nc l  f . r . r .
hnld-sphele crystîls with each other by a set
of intelmediate slirtes wi[h different inlelirc-
lions bul. essentially Lhe same free elelgy.
Tl-resc lat[er sirnr.rlations were done orr
nrtrch snr:rller samples (.64 to 5I2 sphetcs)
and obtained essential.ly Lhe same free-
energy djfferences (lòr 5|2 spheles,
AF :0.00085(I0)  near mel t ìng,  and
0.0011 (2)  at  c lose packing) as the'Einstc in-
clystal' simulations, with compirrable s;tatis-
lic:al errors. Statistically significant
lìnite-size cll'ects were dctectecl onl;'fol thc
snrallcst size (64 spheres) near r.nelting,
wliere AF clroppecì [o near zero.
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In any event, otrr result for tl 're
f.c.c.-h.c,p. fiee-ener gy diflèrence fòr lalge
haltl-sphere ct'ystals at mclting is much
closel to A.F -0, ploposecl alnost 30 years
ago by Alder: and co-rvorl<ers, than to thc
recent estinìarte by Woodccrck.
P. (ì. Bolhuis, D. Frenkel
FON4 Instìh!tc lù Atoutìc tncl Molrcular Physics,
IGuislnan 407, 1098 SJ AntsLenlartl
Th. Nctharlqnds
Siun-Cliuon Mau, DavidA. Huse
I)eptt tmnt oJ Ph1'sics,
Pt i.ttcakttt Llniyu sity,
Pr ilt:ctort, Ncy, lat say 0!J54,tr, USA

Woodcock rcpLies - I reported fhe cliscoverl'
a r;ubstantial area tl1' pressllre tlifference
(AP) b, : twcen the f .c .c.  ancl  h.c.p.  s ingle-
oct:uparrcy-cell moclels, which arises from a
difl-erence in older-cJisordcr transìtion
pressllrcs. The r:esult was a frcc-energy di{-
fèrencc in tìrvor.u. o1'f.c.c., corresponding to
aÌ1 enlropy clilference 0.005N/qì, over [he
rarLge V:1.00N{r  to 1.25No1, wì th a gen-
erous t - tncertaìnty (+0.001),  esf imatecl  b1'
in[egrat ing lhe standarr l  c leviat ions of  snb-
av(rrager; of AP fol inclividual data points.
Exl.ension o1' the cornputations on eithel
side o1' the phase trirnsition have since
revealed a tail in [he pressrtlc difference lòr
V>'1.25;Nd/ in favour o1'h.c.p Thele is  a lso
a .we ;rL pressure cliffì:rence ftor volumes
belorv melting. I hzrve now ob[ained more
accrLr:at(: data 1òr these lirils, including new
data points on both sicles of [he single-
ocr:npancy-cel l  phasc t ransi f ion (Fig.  I ) .

I clid not originally calculate lhe plessr"rre
rliffilcnce in tl're statrle crystal lange, relying
on earlier findings that AP up to mel[ing
wiìrì rìoI detectable by ntcllecular dyuatnics
compu[atìon], and that [hese shorvecl Lhe
two clystals to have inclistìnguishable crystal
consl,an[s C,, anc[ C, (ref. 4). (ìonsequent\, ì
assumed no diffelcnce between the Gibbs
and Fletmholtz free-errergies in the stablc

0 8  1 0  1 2  t 4  t 6  t E  2 0
Volume

Figure 1 Latest rnolecular dynamic data for tlì-.
pressure clifference as a function of volurne at con-
starì1 ternperalure, Àfl\4,, between the hcp and
fcc sin(,lle-occupancy-cel crystal structures for
lrarcl sphe;res; (, is tlte close-packed oryslal volurne
and V. lsì tlle volurne at melting 

-[he 
area under

thrs curv€r is the Heltrhol? free-energy difference
lletvveen the two crystal structures at close packlng
in uni ts o l  tuhl .
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criystal lange.
A detecLable ptesslrre cliflirence between

l.c.c. irnd h.c.p. crystiils below mclLing,
howeve! has norv been computed, both by
tì Speedy (personal commr,rnica[ion) ancl
mysell. This small plessure difference
means thal the entropy dilference at
constant volr.rme - which eciuals the
Hellholtz fiee-energy difference ibl harcl
spl-reres - is noI the sal]le as the Gibbs free-
elrergy cliffèrence, which defernlines the sta-
ble crystal sffucture at freez.ing. I{orvevcr,
tlre corrcction is srnaì1, -0.00001,5Nk8 t

At  the mel t ing volume ( [ , , )  of  0.96Nd,
I calculate the pressurc diflèrence to be
0.0030(5)/c, , î /ar  (N:  12,000).  Alder et  o l . )
adopled too largc a value for 4P,,,
(0.02 kr\Tl ú' ), ald fir r ther gr-tessed wrongly
that the absolntc difference clecreasecl lin-
ear'f y witlr clerrsity [r.r z,ero a,t V,,.ln fàct they
cstimated 1.hc HeLrholtz flee-enelgy differ-
ence (A{,,-4F,,) to be 0.002N&,7'in favour
of f.c.c. My daLa (Fig. 1) show that the pres-
sure diflèr'ence lountl at ntelting actually
clecreases to ncgligible valtres more rapiclly,
and that the charLge in liee-energy differ-
ence lretween close packing and melting is
of the order 0.0003N/c*î. The closeness ol'
the resrrlt ol'Alcler et al. to any t>[ the prescnl
resnlLs, or incìced to zero, is thcrelbre an
irrelevtrncc.

'l-l-re 
Eins[ein crystal rnethod"' (used

both by Frenkel ancl Lacld" and hcre by Bol-
huis and F'r:enl<el), the mnlti-hilmiltonian
meLhod ancl the Floover-llee single-occu-
pancy-cell rrcthocl, if accr"u-ately imple-
mented, shoulcl alì give [l-re correcI anslver. I
am still worl<ing on this probìem, bu1 the
latest i'esult Iòr the Flehnholtz fiee-enelgy
tliflcrence between the h.c.p. and {.c.c.
slrlrctures (f.c c, having the lorver liee
energy) ilt cÌose packing gives:

f*
aF,: i  ( l ì , . ,* Pf..)dy:0.00261 0.00rNft.7.

uu,,

'l 'he 
change in Hcrlmholtz 1ìee e nergy clif-

lèrelce be[weerr close-packing and lhe
nrelting volume amounts to onÌy
0.0003(l)N/i*7, as sholn by [l-re tiny,
posi t ive alea in AP(V),  up to the mel t ing
volume ( [ , ,  )  (see Fig.  1) .  Hence, the
Heh'nholtz free-energy diflèrence at the
mel l ing volume is Ad, , :  0.0023(10)NkDT.
Thele rernains a quantitative disagreement
betr'r,een my result and the oLher two meth-
ods,  but  my orrg in i i l  concìusion thal  the
f.c.c. phase is everywhele the rnore s[able
crystal phase tbr harcl spheres is confirmed
by all the nel, results. It is also gratifying
that the resnìt fbr thc tiny trec-enelgy dif-
ference betwecn cJose packing ancl rnelting
sholv a reurarkable consistcncy, within the
errol bars, by a.ll tlrree methods.
L. V. Woodcock
I  t t  I ' t  r  I  t  t  t , '  t  t  t  Lt l '  ( ' fu t  t  t  i  crJ L t  tL i  t  t t t ,  t  i  t  t6,
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Metallothionein in snail
Cd and Cu metabolism
Tl'rrcslr ial snails tolcratc r:lcvatcd conct:r'r
1rations clI cadrnium anrl coppcr, iìccllnnl-
lat ìng both metals in their  sof t  L issues' .  T 'he
snaiìs ale atrle t.o inirctivale the Loxic carìmi-
um whilc meeting theil n'retabolic recluire-
t.uent lòl copper. L{ere we report evidetrce
fìrr thr: melabolic discrimination br:trvt:en
1he lwo nretals based on the existencc ot
clis[inct mc[allotbionein isofcl'rns, ollc
dedicatecl to cachrium detoxilication and
irno[her to copper regr"tlaIion

Everr  snai ls  l iv ing in rcìa l . ively rurpol luL
ed environr-nenLs have t"he e-rceptional abili-

Midgu: giand Cd-rsoform

M6ntle Cu-isoiorm

Figure 1 Prinìary slrucÌures of tlìe cadmiunt- and
copper-bind ng nretallothionein isofoffns frorn the
inldgut gal'ìd and rrarìtle of l-1. panatia Rr:sidues
are lndlcated uslnU sillg e-lett(jr code, wlth cys-
ternes rn back Tlre N terrnini are acetyated (Ac)
Substiluted residues etre indcated in grey ln ihe
copper-bind ng lsoform I he cadnlium-b nding isc>
forirì was purified arrd riequenced as desor lled €)ar-
iers The copper-bincling isofonÌ was purfied frorn
mante tlsslre by coffìbined gel peilneation, ion
exclìange chrornatography, and reversecj-phílse
lfrc After endoproteinase digesllon (trypsirì, LysC
and ArgC) of S-mc.Ìhyatecl proteln, peptides were
sequenoecl by collìsion-induced tanderr rrerss
spectrornelry (AP | , Sciex, Can.ìda) Llslng aeon as
the collsion gas (4 x 10ú rnolecu es cnt 'r)

ty Lo (oÌrcelltrate caclrnitrrn- nrole than
many othcr terres[rìal iuverteblates- in
the midgul  gJand' .  ln col l t rast ,  copper,
ivhich is an essentìal coustituent" of the oxy-
gc r t - c ; r ' r ' y i r r g  I r o t c i n  hac r r r r , c y l t r r i r t " ,  i s
plcclonrinan[ly plesent in the snail's foot
nnd m;LnLler. 

-fhe 
corrcenlration o1'cclpper is

l(elrL constant, with aninrals quickly elimi,
nf ting any excess that may havc enlered t"he
Lissne al'tcr environmen[al exposurc'. We
have recently isolatcd ancl characterizerl two
melallothioncin isoforms fiour telrestrial
heìicid species, diftèr'entially invcfveci in the
handling of cadmiur.r.r and copper'.

Onr: of these isoforrns is present in lhe
miclguL gland ol'terresLlial snails. Wc iclenLi-
fied iL as a class-l rnctaìlothionein" with a
tylrically lorv r-nolectilar r-nass (6.62x 10";
6,( ;20K),  contain ing 66 amino acids,  18 of
rvhich are cysl"eines. Its anino-Lemrinal ser-
in,: is ar:etylatccl (Iìig. t). This isofbrm occurs
in sever al varianls in hclicid snails, inclucling
Hd.ix pornnLirt utd Arian.ta nrhuslorwrlt"-.

Ttre firnction oîthis isol'omr is the tlctox-
ifì':afion of caclmir"rrn, bincling 85-95% of all
caclmium acclrmulaleti in the snail soft ris-
sues. ' l 'he cat lmi t rm-bin i l ing ure[al loth io-
ncìu is<lfolm can be isolatcd in tr pure form
fron'r Lhe midgut gland of metal exposed
snails, autl I'ras a nrolill r.netal ratio of
t l t l :Cu :Z r r  o f  I ( t 0 : 2 : t  6  i r r  t hc  n r r l i v c  p r r r t t ' i n
ant l  a sto ichiometr :y of 's ix  cadrniurr  atoms
pet pr<rteìn molecule (cletelminecl by spec-
Llophoturetric metal titrrltion under niuo-
ger r  . r t r r rosphcrr . ) .  I ls  condcn I  | i t l  ior  r  i i l r ' r ' r ' t rses
ìir,carly lvilìr incr:easing cadmrum concen-
trationr; in tl-re rniclgut gland (Fig. 2a).

We have lccently isoìated arlother iso-
lotnr I'rom the mantle o[ IIalix pon.otìo.
Apart from its acetylaled arnjno-telminal
so:ine, the primary strLrcture is very clifl-er-
en1 to thc cadmium-binding metal loth io-
nein. ll has a diflèrent rnoleculal mzrss
(6,2471<),  and r lauy amino-acjds between
Lhc corrservecl cysfeine residues have been
subst i l r r tet l  (Èr ig.  L) .  I tL r t i t ,o, th is ìsofornr  is
alllost exclusively conjugat-ecl rvith copper,
with a molzrr rnetal rrrtio of Cr"r:Cd:Zn ol
100: l : ( j .  We clete lminecl  [he sto ichiometry
t ts i t lg c, r t t rh inr ' r ' l  a tor t t ic  absorpt i (1ì  s l ) ( ' r  t r  r )
plotouretry, amino-acid analysis and elec-
t rospr ay nrass spec[ron]el . r 'y ,  as rotrghly s ix
copper atonls per ploLein uolecule.

T'he conccnfration o1' [he rlantle iso-
fo, L-n zurcl its exclr,rsive prefelence I'or copper
lerrain unal'lected when snails are exposecl
to cachr.riur-r-r (Fìg. 2b), even if'this rne [al is
in. lected in lo Lhe rnant le t issue.  In th js casc,
m,:rst of the aclministcrecl cadmium ìs
quicl<ly eliminated lìorl thc r.uantle ancì
lerlistributed Lo the rnidgut glancl, buL vir
t r -Lal ìy r rone ol ' t tc  mctal  becornes bor, rnd to
lh,.: copper-specilic ntetallothionein iso-
I t rL l  Iu addi t ion,  the concentrat ion of  th is
isofolnr ìs barely aÍlècted Lry exposure of
auima|; to large amoLlnts ol' copper' (Fig.
2b). OrLr resulls indic.rte that 1he metalloth-
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Figure 2 a, Linear re ationshlp (bold linet regressiorì
coefficient /':0 96), wlth 950/0 confidence jirîits

(hatchecl ines) bÉlt\ruoen molar concentrations (on a
tissue dry-rnass ba{ris) of Cd and Cd-tîetallothic}
nein (Od-MT) ìn 1lìe tÌìldgut g ancl of H pomatia led
on a Cd-etrriched dlet (35-955 pg Cd per g dry
rnass) for 14 days b, [\loar concentríìtions of Cd,
Ou, and Cu rnetallothiorìein (Cu-fVI) ln tlìe tîanlle
ol H. pomatia after feedlDg the anima s on unconla-
rninalecl salad (contro) or on C.l-etìriched (Cdjed:
260 pg per g dry weight) or Cu-enrlched diels (Cu-
fed; 530 pg per g dry weight) for 14 clays l\lean
concentratlonjs d (/r:7) Aslerisks indioate signifi-
cant  d i f ferences (P<001)frorn contro values (Stu-
denl's l-lest) Concentratlons of Cd metal othionein
ancl Cu-rnelallothionein were determiued by rllodt-
fied Cd and Cu-saturation assays" (removing Cu
fom the holo-metallothioneln with arrmonium-
telratlliorno ybdate) Similar results (not shown)
were obtained after injecting Cd and Cu nlo mante
tissue

ionein isoforn ir [he rnanLle of terrestlial
snails is conccrrr,:cl with the regula[ion of
copper, probably in conrrecLion wìth
haetlocyanin syuthesis (as the gastropod
rr. antle is aD irnportanl sìte of-ploc1r-tcLion of
t l r  is  copper-conl  a in ing prc l le in) i .

tJntil now, thc simultaneous l-randling of
differenL nrctals by rnetallothioneins has
been explained on the basis of metal,specifìc
prefèr'ences ol' tlie two metal binding
cìomains o['the nrolecr-rlee'r(r. The exis[ence of
.specific nrctaJlolhionein isol'orms dedicate<l
[o cac]mium cleLoxification ancì copper regu-
lalion in snirils suggests an alternirtivc motlel
fo explain the rnechanisms of multifr,urc-
Lional i ty  in these plote ins.
Reinhard Dallirrger
Burkhard Berger
Insl.ituI Iib ZoolotiL: tLrLd Lùttttologie,
( A b r t i.lt ng Oko p h y s ì o I o gi r: ),
U iliv( rcr I ii I It t t t sb rr t t k,'lech t tikty st russa 2 5,
A- 6020 I n.n.stn' r u: k, At s I ri a
Peter Hunziker

feremias I{. R, I(à1;i
13 i o t:ht m ist I t t:s I n sti til t rlu IJ ni v e r si t ii t Z ù t ìrl t,
\4/ittlcrllttru strnsse I 90,
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