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TFFTREHITHE ] (SUMMARY OF FUNCTIONING MECHANISMS),

[ i — L[R]3 BSR4 JiE H i s (Alvinella pompejana) (47) 2 HIEK & =il ),
T A JiE Hlid &k R (alvinellids) #BAE & (ETRE I RS K] (black smokers) {HITHI R HIARL, A7 JATE
(vent) FMIEHY Ly, 181 FLKE: (University of Delaware) HFEEA 9252 Craig Cary W EE 211
BRRUR, RIS B AR TE R HE K 149 B R /K 1, W REAEAS AR 18 1 75 FE ) s IR B P A A7
2, JoE HE s PR R EAS 2 g T, B =T, B RAS HIER B TTRe s B ZUROIRBERE BE, AN
PRSI FIR e AAE A, A imAY KA 22 1403 L, 2K I SR B I3 24 (overheated) VK il B
JEE R R RE A RS, PRELVEMZ M@ ERAEE, Caryilt: [ #FEH LAY S
HFRFERAT, B T LLERE R (B ] Sing BV [ EAY), (HRRE MR (R . FRABJEE B
B UV A AR, o FAMIE A 08 JRE H e ddo Al (5 S R N AR, 2SR T
RETE AR 91T 2 B — LE R 2R 0O R AE 9L 22 (cellular biochemistry), BiRE A A, | (Lutz
2000)

[JiE HLiE Rk RE S 2K 52 =32 105 C IMIRLE (Chevaldonne et al. 1992), 044 R 24 2 f L & i
(eurythermal) 7% A Eh#) (metazoan) (Haddad et al. 1995), Brisa et al. (2005) {170 B Bn < B
JE ELIGE w2 28R T A | B R ] [ v /K 2 T A T TR AE (mineralization) IR . FZAFFCIE R, iR
LI oy 10 A IR M AL B R S LR B T RO P, i B E RS T ACE K A
FIPSER % (micro-environment), 1Z5 185 17K BE RS 1 gk 8 7 A O R 8 0% S Rn v i B O A b
¥ (sulphide) H, HEBHEVR M 58 A0 AN FRE B2, i H GRS ARG T 54
(homogeneous) AL EL TN AL BE R (mocroniche), Y Al RETEMAEM St 5 35 E/ER, |

B HE B S (animal kingdom) WA & HE 2 —, FILATEERR LA K FHEEY)
(vertebrate) #2551 (Scandurra et al. 2000) ., JBJEE [ (collagen) & E. A =W FEfSAE




(triple-helical domains) FJFAANAN & [ (extracellular protein) (vander-Rest & Garrone 1991), 7E&
FAE AT, RAREIRYEE S (subfamily) EHEHERRIF A H (fibrillar collagen) (Wharton & Brown
1991), #EAERB IR FBEA —(E R0 =i erits ik, H33022340AGNN —Hifs (tripet) AHAK
, WA — 8= LA K (N- propeptide, N-pro) Al—1{EFRIL A K (carboxyl-propeptide , C-pro). &
JRR BN 2 R EESR, (A 20 (L A& RS Hh th 47 18 B 2244 €4 (Wharton & Brown 1991;
vander-Rest & Garrone 1991), VR EJHIF & (polychaete worm) (FI4N7) &kArenicola marina)
FIRVE B H (interstitial collagen) 7£28 °CHRpSENE, 11 JiE H i &I B R B A {145 °CIRe) kR
T, Je BRI O REHE B 1 (Gaill et al. 1995), AR 2 [ 7E i {BL(Gaill et al. 1995)
= BE T (Auerbach et al. 1995) FUFEENE, LK HARRIROBE 0 EE, 7EGL5R (anoxic) 614 ™A i
VR, I EREEVR (hydrothermal) FIEREE, |(Kaule et al. 1998)

EFEENER) /72X (thermal behavior) #57 F-H:bf (molecular basis) 03 4F H8 N 2= 12
(proline) & EFNFEE —HifigA) i, 5 BLRE Hidan i) M E B &R A B 2 BME et
(thermostability) FH [, FHEREEEH (residue) 7EBRE H = WRHE IR0 N 58 7k & E1 %L
(vander-Rest & Bruckner 1993; Prockop & Kivirikko 1995), ZEW{VEL 55 Mt 28 4 Mk f e H gk
FRBJFUER AP EE T (Gaill et al. 1995), Sicot et al. (2000) £ 7y 18 {H#H 715, BRI &
T —BKAICcDNAS ¥, %58 B dfBoffE IR R R AORmAR, L5 — - AU E s A o B (] 72
Fe-AiREE RS . Ay VAT IR, FZEIIE N KIS RiRiftia) #5745 R cDNA (homologous
cDNA) (Pohlschroder et al. 1997), b#E i B A FE AR HERSRERE#E, LD a8 (Sicotet
al. 1997), BRI EEE & S g E = IS 0 8 5 BLRE B s E B IRE A H A 2E
EMEA R, Bk 08T (phylogenetic analysis) #i7, [6]—BIFER H 70719 = B8 hE FnR 2 5 ik
R4y AR EE 1AL, AR5 @ 1 LA, (Islam & Schulze-Makuch 2007: 207)

“Some of my colleagues have nominated the worm Alvinella pompejana (right) as the most
thermally tolerant animal on Earth. Whole galleries of alvinellids live in tubes on the sides of black
smokers, at the very seething heart of the vent. University of Delaware marine biologist Craig Cary
has gathered data that show alvinellids living in water that’s 149 °F and surviving frequent
temperature spikes well above 175 °F. Alvinellids—on average a half inch in diameter and about
three inches long—also tolerate the steepest temperature gradient on the planet. Specimens have been
found in water 140 °F hotter at one end of the animal than at the other. Superheated fluids from
black smokers do not mix well with ambient cold seawater, so transitions between them are abrupt.
‘Textbook biology tells us that animals can be psychrophilic [cold loving] or thermophilic [heat
loving] but not both,’ says Cary. ‘I guess the alvinellids just didn’t read the textbook.” We don’t yet
know how Alvinella worms survive these extremes. The answer may lie in their behavior or in some
specialized cellular biochemistry, or both.” (Lutz 2000)

“The Pompeii worm is capable of withstanding temperatures as high as 105 °C (Chevaldonne
et al. 1992), and is known as being the most eurythermal metazoan (Haddad et al. 1995).
Experiments carried out by Brisa et al. (2005) demonstrated that 4. pompejana influences
mineralization processes at the interface between the smoker wall and the ambient oceanic water.
The study also indicated that A. pompejana exerts a primary control on its environment by
structuring the thermal and chemical gradients, creating a mosaic of micro-environments by the
construction of protective tubes. The supply of water through the tube prevents exposure to the
extreme temperature spikes and high sulphide concentrations. Circumventing the large erratic
changes generally associated with hydrothermal venting, 4. pompejana tubes create more
homogeneous chemical and thermal microniches and likely play a role in microbial diversity.”

“Collagens are among the most ubiquitous proteins found in the animal kingdom and can be
found in sponges as well as in vertebrates (Scandurra et al. 2000). Collagens are extracellular
proteins with triple-helical domains (vander-Rest & Garrone 1991). Among collagens, the most
homogeneous subfamily is that of fibrillar collagens (Wharton & Brown 1991). Fibrillar collagens




possess a long central triplehelical domain of 330 to 340 GNN triplets, flanked by an
amino-propeptide (N-pro) and a carboxyl-propeptide (C-pro). Collagens are of great importance,
not only in performing cohesion between cells, but also in cell differentiation and migration
(Wharton & Brown 1991; vander-Rest & Garrone 1991). Whereas the interstitial collagen of coastal
polychaete worms (e.g. Arenicola marina) is denatured at 28 °C, the collagen of A. pompejana
remains stable at 45 °C and is thus the most thermostable fibrillar collagen known (Gaill et al.
1995). Its collagen is adapted to the hydrothermal vent environment by its stability at higher
temperatures (Gaill et al. 1995) and high pressures (Auerbach et al. 1995), and by its associated
enzymatic processes, which appear to be optimized under anoxic conditions.” (Kaule et al. 1998)

“The molecular basis of this thermal behaviour includes the increase in proline content and in
the number of stabilizing triplets, which correlate with the outstanding thermostability of the
interstitial collagen of 4. pompejana. Proline residues are of primary importance in performing
cohesion between the chains of the triple helix of collagens (vander-Rest & Bruckner 1993;
Prockop & Kivirikko 1995). Biochemical analysis has so far been unable to explain Alvinella‘s
collagen thermostability (Gaill et al. 1995). A molecular genetic approach has been used by Sicot et
al. (2000), who have cloned and sequenced a large cDNA molecule coding the fibrillar collagen of
Alvinella, including one-half of the helical domain and the entire C-propeptide domain. For
comparison, the group also cloned part of the homologous cDNA from Riftia (Pohlschroder et al.
1997). Comparison of the corresponding helical domains of these two species, together with that of
the sequenced domain of the coastal lugworm Arenicola marina (Sicot et al. 1997), showed that the
increase in proline content and in the number of stabilizing triplets correlates with the outstanding
thermostability of the interstitial collagen of A. pompejana. Phylogenetic analysis showed that the
triple helical and the C-propeptide parts of the same collagen molecule evolve at different rates, in
favour of an adaptive mechanism at the molecular level.” (Islam & Schulze-Makuch 2007: 207)
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