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Mineral distribution in both chimney and organisms living in a deep
sea on hydrothermal vents at Myojin Knoll Caldera
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To investigate the correlation between energy sources and ultrastructures of both microorganisms and invertebratesdiving aroun
hydrothermal vents in a deep sea, electron dense granules in cells and tiny pieces of chimney were observed by an electron
microscope and the distribution of their elements was analyzed by electron probe X-ray microanalysis and electron spectroscopic
imaging.

Elements in organisms such as magnesium (Mg), aluminum (Al), silicon (Si), arsenic (As), sulfur (S), calcium (Ca), titan (Ti),
iron (Fe), nickel (Ni), cobalt (Co), copper (Cu), zinc (Zn), osmium (Os) and selenium (Se) were analyzed in the electron dense
granules which size ranged between 10 nm and 200 nm and spherical shapes were varied between sand-shaped precipitates anc
cored vesicles. These granules were found in cytoplasm and surface coat of gliding threaded bacteria, epitheN&elmalsuafa
sp., cytoplasm of respiratory cells in gillsRdlycheataand blood plasma of a Bythograthid Crab. Outer shell of the cored vesicles
in Polycheatacontained exclusively Zn, while the core contained S, Co, and As. Chimney contained minerals such as Mg, Al, Si,

S, Ca, Fe, Cu, Zn, As, strontium (Sr), yttrium (Y), zirconium (Zr), barium (Ba), and vanadium (V). Organisms accumulated a lot
of Al, Si, As, Ca, Fe, Cu, and Zn and selectively additional minerals such as Ni and Co which were not found in the component o
chimney, while Sr, Y, Zr, Ba and V were not found in organisms.

It is well known that the threaded bacterium is a primary producer of organic compounds by chemosynthesis. $hkeoigm,
which performs highly evolution, can produce an energy from reduced sulfur and hydrogen sulfide additionally with digestion of
gliding organisms. Therefore these organisms living around hydrothermal vents may have potential to utilize a chemosynthesis
and store the mineral deposits in their bodies.

Key words : deep sea organisms, electron microscope, elemental mapping, Myojin Knoll Caldera, hydrothermal vents
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forllowared - o upper right cormer comrespond (o the spectra in Figs. 7 and 3.

JAMSTEC J. Deep Sea Res., 16 (2000)

61



62

cew T1  #itEZate Universl s ED ER-TNEC-8% B g
e K TN L2 .

£

O, o, 0

EEE AR E 8 B3

o oo 13ls 30 8D
. Bl R ght e © an Al
R i N TS T W

il

e T L EERT I Creth

& II SivEEato URiverslts D EE-DEC-88 55wy & FE EiLEESTE Lndveraivy L
& dsmney = 3B Lo (3} & . W . £ S aEBhey + B8 mor L3} B

ui, b, og

figii
TIEE

§iz

Bddlbg;

s
A TR R RS K

HeBBO-BEE -
i

i

" T T o AR A i = = ; T
M7 R0 —TXEB T ERRICLES, FA AP Pl

Fig, 7 X-ray spectra ol the ores ol chimney by electron probe X-ray micro-analysis. Leters
follonwed o= om apper right cormer cormespond to the ores in Fig. 6

JAMSTEC J. Deep Sea Res., 16 (2000)



D ER-CEC- 4 ag
=01 1O O DEE: & ane

K, ith

S0 1 B e S e A
T IOM COPPECTION FFFLIED
LT PP M-FRCTOR - CELTREF  ATOF L W
O ] 1 e L e
- a s i see o 8o
L] LR T L] [ -
o LR .
® "= » .

EEREL

-
WD R
[CLR T

&

T T me R 1 T o T
T {0 COMEET Hoe PP IED = IV o y i
LT ¢ PR Ll CHL/TREF AT - i .
i B0 o iems 54 TH 2 y s
& & o A LR
LT LT Lt
& = ® e 1
& TaE Eas &
1 | BB B TE

4
1 FPR

TXE IR D FL ORI E S D f

B8

Fig. 8 X-ray spectra of the ores of chimney by electron probe X-ray micro-

tysis, Letlers

ellowed o- on upper right corner correspond 1o the ores in Fig. 6.

JAMSTEC J. Deep Sea Res., 16 (2000) 63



' | zero-loss image

_. un-filtered image

Y 7o U LRI AU L A R R 0 LT R R

Fig. @ Lleciron spectroscopic images of gliding bacteria. A and b are the images by elastically scatlered
clectroms with @ zero-loss Alter God and onfilter (b} respectively. O and O are the images by inclastically
seatlered electrons with 30 eV-loss fmage (¢ and 250 eV-Toss image () respectively. The inlets on upper left

corner are the histograms of intensity ol ¢leciron beams,

gboooboobobmolmoooobgon Xooo
gooooOMgOAIOSIDCaO0DOOODOOO
gjooooodoodooooooooboooboooo
gooooooooOoooooooOog2pb0o0OOOO
oooMmfooooooooooooooooooon
goooooboobobooboooobooboboono
O0dz2a00000000000DOObO000oooon
gooooooooooooooobooooomy oo
l-a, b 220000000000 DOODOOODOODOO

64

goooooboobobobooooobooboboono
goooooboobobobooooobooboboono
goggsioooomMmgdcal 0 ODOOOoOoOOO

3.2 000 Neoverruca sp.00 O 30
O000oooooooooosolopmboooon
ooooooooooooOooooooooooooo
OOglidingbactera0 0000000000 O0OOOOOO
00oooooooooooooUoooooooooo

JAMSTEC J. Deep Sea Res., 16 (2000)



10 | 7ordsEic LS EROICEIGE o > 2h1 TS5 ThH 1 O RN G S ERL

b 2 20 2/ I Zdnephrocyie Giphagosome,

c A s nFH oo RN,

Fig. 10 Net elemental mappings of deep-sea organisms oblained by electron spectroscopic imaging. a Cored
vesicles in the respiratory epithelial cell of Polycheat. b Phagosomes in the nephrocyte of Bythograthid Crab.
¢ The respiratory epithelial cell of Bythograthid Crab. Note; Ao ouwter shell of a vesicle (a) pointed by
arrow-head contains exclusively Zn, while the core comains 8, Co, and As.

gboboboooooboboobooobooboboooboooo
goo0o0oo0o0oo0 3-bODOOODOODOODOODO
ooooomgooboboboObobObO0ooooooooon
gooooobomsmoogooooobooooooo
gobooooooboboobooobooboboooboooo
gOsiDCalOOODOOMgOTIOO OOOODDODO
uo

3.3 000000 0OD O Annelida, Polycheata, Terbellida,
AlvinllidaeO O 40
gooDodooooooooooooooooood
Jooo0oooooooooooooooooogoo
O0@c0oooDooo0oooooooooooon
000o00o0oooooooooooooooooo20

d30umOO00000000DO000OO0O0Omitochondria

OmMO0DO0O0mMro0ooDO206pmO00n0oOon
g0 4a100ooboooobobooboobon

JAMSTEC J. Deep Sea Res., 16 (2000)

gooooobooboboobooooobooboboono
gboooooooboboobooboooooboomy ™
gooooobobobobooooboobobobo
gbooooooobooboooooboooboooo 2o
SumbO 0000000000000 0000DO0ODO0OO0
goooooooooooooooooooooog
gooobooboboboboooobobobobo
gooobooboboboboooobobobobo
000oOooOoOooDoogOdferritind As, FelD 0O O
gogobooboostbobooooooboobobob
goooooboobobobooooboobobonbo

3.4 000000000 Bythograithid CrabO O 50

gooobooooboooboooooobooooooogon
goilmoz2umiOooooooooooooooogn
UM0saoooooogoooooboooooon
gooooobobooosgionmbooboooonog

65



goooooogsocalreCcubOOOoooooonO
0o0oooooUooooooDOoooooooooomo
5-b[0 00000 mitochondria0 OO0 O000O0OOOO
OO00O0Odensebodiess D OOOOOOOOOOOOOO
O00O0ooO0ooOoOOnephrocytel N[O OO OOOO0O
0000o0ooooooooooooooooooooo
00000000 podocyteld foot processt O O 11 ¢+ [T

00000000 nephrocytel O O 0O O 30 5umO phago-

somel 000000000 OOOODOOOOOOO
gobooobobooboboobbomp@uoboboobd
goobobooooobobooooonD Xoooooo
gbooooooboobobobooobooboban

3.5 0009 pieces of chimneyOd O 6, 7, 80
0000000000000 chimneyd 0300000
oooooOoooop4o0000ooooooooog
ooooooooooooOoOooooooooooog
gooooooboOchimmeyd OO0OOOoOooOoOOOO
chimneyDOOOODODOOOOOOOOOOOOODODO
ooooooooooooooooooooooooo
0Moeooooooomo 7,80 7-addO0O
goodb0edOODOOODODODDODODOOODDOODO
0000o0oooooooo0ooooooooooooo
O0O0O0COkryptonklineD 00O O0O0O0O0O0O0O0OO0O
OLline0 0000000000 OKryptonODOCOOCOO
gooooooooOoOooooooooooooo 7-b
000000000 egOOO0ODOOOUOUOODDOODOO
odoooooooooooooooooosioooo
oooooOooooooooO0Od ec e gddon

googooooobooooo recObobgoogoD e

bOODODODODOOOOCOOODODDODODOOOOODOO

goooooooboboboooboobobooboon e

all0g0OO0OO0OD0OOO0O0OODODOOO7dOOOOOO
b0 ealbbO0OOODODODDODODOODOODO

00 18%0 bariumd 3% 0 vanadiumO OO0 000 OV L-

line 10 O Ba L-line 20 0 0 O O O Ba L-line 20 -line 100
O000Oenergy0 000000000 O0ODOOOOO
0000 8edDO00OD0OOODOG6gUODOOODODO
0000000000000 0000000034%00
KrK-llineO OO OO OODO O yttrium K-lined 4%0 0 0 O
gooefOo0000oooooeh0OOOO0OooonO
gooo0ooo0ooOooooooooooooboooo
00000D0D0o0Do0oooooooooooooon
0000o0ooooooooog e6c0noonooon
08gUO0doopoooOoef0ddnnDOoooooon
000000000 0AID4%00000000000
000000000oooooooO eadbDdOOOn
00000 8hO0000D00000 6-ad00000O0O
gooo0ooo0ooOooooooooooooboooo
Jooo0ooo0oopoOoooooooooogooo

66

36 D0O0O0O0OOCOOOOOOOmMO 9O
000000ooooooooooooooooooo
0o0ooo0o0oUoooooODoDOoooooooooomo
9 b OIODOOOOO0OODOOOO 9c dO
ooooooooooooooooooooooooo
0000o0ooooooooooooooooooooo
0000o0ooooooooooooooooooooo
ooooooooooooooooooooooooo
ooooooooooooooooooooooooo
gooo0ooooobooOooooooooooobog 9
bOODODODDODODOOOOOODODODODODOOOODOO
odooooooooooooabogoooooOnO
ooooooooooooooooooooooooo
goooooOOooDbDO0o0oDOoOooO0ooobogn 9-cO
plasmon-loss0 000000000 O0OOOOOOODO
ooooooooooo ebOOopoooOooOoOoOg 9
dO0000000O0oOooooooooOooOO250evOO
0000o0ooooooooooooooooooooo
000000o0ooooooo0OoKIineDOOODODODDO
goooom3evooooooooooooooo
ooooooooooooOooOooooooooooo
0000o0o0ooooooooo0ooooooooooo
0000o0oooooooo0ooooooooooooo
ooooooooooooooooOoooooooo

37 JooUoobooobooooooobom oo

gooboobooboobooboobogooboobooooogn
goobooboobobobobomibleed 0oOOod
gobooooboooooboooobbooobooogceoen
oboobooboobogooooooosoobooboooboon
gbznODOOOoDOODOOOOOODODODOODOO
goooooboobobooooobobobooooon
gobooooooooooooooos cobboonono
gboooooboboboboobobobooobooon
goooooboobobooooobobobooooon
goooooooooooonoOdOoi-b, znmd

O00ooooooooooooooooOoio-bo
gbooobooboobobobooobobobooooon
gooobooboobobooooobobobooooob
gooobooboobobooooobobobooooob
goooompolo-bh@oooOoOOoOOoooooOn
gooooooooboooomvooooooooo
gooobooboobobooooobobobooooob
goo

4. 0OO0O0
gosoompoooooooooooboooboogobn
gooobooboobobooooobobobooooob
goooooooboogseonooooboooooooo
gbooobooboobobobooobobobooooon
gooobooboobobooooobobobooooob

JAMSTEC J. Deep Sea Res., 16 (2000)



0000000000 Obeggiatoaceael O thiothrix[
gooboooobbooooboooobooooobo
Jooooooooooooooooogoo/aooon
0/000000000000000000000000O
gogobooooobbooobooobobbooooboobo
gooboooon

goooooodo20200pumd0d2020umgnog
gogobooooobbooobooobobbooooboobo
00000000000 000cyanobacteriaD OO0 0O
0000000000000 00D0OBeggiatoall 00O
gooboooobbooooboooobooooobo
gogobooooobbooobooobobbooooboobo
gogobooooobbooobooobobbooooboobo
gooboooobbooooboooobooooobo
gooboooobbooooboooobooooobo
0000 Caryoblastead D 0000 O0O0OOODODOOOO
gogobooooobbooobooobobbooooboobo
gooboboooobbooobboooobbooon

go0boooobooobooooboooboooooo
gogoboooobboobobooobbooooboobo
gogoboooobboobobooobbooooboobo
00000000D00000D000000d Solemyad O
gooboooobbooooboooobooooobo
gogoboooobboobobooobbbooooboobog
gogoboooobboobobooobbbooooboobog
gogoboooobboobobooobbbooooboobog
goobobooobbooobuoouobobboboooobog
goobobooobbooobuoouobobboboooobog
gogoboooobbooobooobbbooooboobo
gogoboooobbooobooobbbooooboobo
goobobooobbooobuoouobobboboooobog
gooboboooobbouooboouobobbooooobog
ogno

gboboooboooboobooooXxoobooo
goobobooobbouoobuooobobbooooobog
goobobooobbouoobuooobobbooooobog
0000000o0o0oo00ooooooDOoOdribosomes
ggoboooobboobobooobbbooooboobo
goooog

gogo
O0000oooooomooogzecomooono/
PilotD OO O/Co-PilotD0 00 0D00ODOOO0OOODODIDO
oo ooo/0c00ooc0oo0ooooobooon
gbobooobooobobobobobooooon

JAMSTEC J. Deep Sea Res., 16 (2000)

gooo

1) Futaesaku Y., K. Tone, S. Okuda, T. Hashikawa,
T.Akagi, T. Hanada, K. Yase, and K. Sekiya] 19980]
Biological Meaning of Electron Spectroscopic Imag-
ingJ ESI0and Application for Net Carbon Mapping,
Recent Development of Electron Microscopy 1998, Ed.,
H. Hashimoto and F. H. Li, Nakanishi Press, p.105-110.

2) Futaesaku Y., M. Yano, M. Ueno, M. Ono, Y. Kozuka,
A. Yaguchi, R. Satoh, Y. Suzuki, T. Takagi, N. Nagai,
K. Yase, and K. Sekiyd] 19980 Principles of Electron
Spectroscopic Imaging] ESIOin Hard Tissue Biology,
J. Hard Tissue Biology, @ 100 1-10[1 Review Article[]

3) Futaesaku Y., M. Yano, M. Ono, Y. Kozuka, K. Sekiya,
K. Adachi, A. Yaguchi, N. Yamahira, and K. Yase

[0 19980 Non Carbon Supporting films for Electron
Spectroscopic Imaging] ESIT- Application for Biologi-
cal Specimens and Ultracryosections - Proc. 14th Intl.
Cong. Electr. Microsc. 1, 699-700.

4) Futaesaku Y[ 19970 Principle of Electron Spectro-
scopic Imaging] ESICfor Biological Applications, Proc.
Asian Sci. Sem. New Direction in TEM and Nano-
Characteri-zation of Materials, Res. Lab. High Volt. EM
Kyushu Univ,, Kyushu Univ. Press, 199-208.

5) Yamaguchi TO 19870 Changes in the Barnacle fuana
since the Miocene and the infraspecific structure of
Tetraclita in Japaril Cirripedia; Balanomorphal] Bull.
Mar. Sci., 41, 337-350.

6) D0D00D00O0OD1980000ooonooonon
00000oooooooooon 3820 125-128.

7)000000O00o0doooooooooogooo
00ooooooooooooeesnnooooog
00000o0000o0o0ooo ooooooooog
0000oDoooooDooooogn 3m2/30 94-
101.

8) 0000019000 0000MESIMOOOOD
0000.00000 3020 121-128.

go0o0ooz0000 102600

67



	目次
	CONTENTS
	明神海丘チムニーとそこに棲息する生物群の含有元素
	Mineral distribution in both chimney and organisms living in a deep sea on hydrothermal vents at Myojin Knoll Caldera
	1.はじめに
	2.材料・方法
	2.1 試料採取
	2.2 電子顕微鏡観察用試料処理
	2.2.1 深海その場固定
	2.2.2 母船上固定
	2.2.3 試料の後処理
	2.2.4 鉱物の試料処理

	2.3 観察・元素分布分析

	3.結果
	3.1 糸状菌（Beggiatoaceae,thiothrix, 他，図1，2)
	3.2 フジツボ（Neoverruca sp.,図3）
	3.3 シンカイエラゴカイ（Annelida, Polycheata, Terbellida, Alvinllidae, 図4）
	3.4 シンカイユノハナガニ（Bythograithid Crab, 図5）
	3.5 鉱物細片（9 pieces of chimney, 図6,7,8）
	3.6 糸状菌の電子分光結像法の像（図9）
	3.7 電子分光結像法による正味の元素分布像（図10）

	4.考察
	謝辞
	引用文献



