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VI KHUAN TU : CAC THAM SO MOI TRUCONG

Vi Khuin tr (VKT) chita cic chudi hat
magnetit/greigit thuong séng trong l6p ban phia
trén trong cac ao, hé, ddm ; trong nudc man, nudc
ngot va nubc lg [4, 14, 18]. Cac chubdi hat magnetit
trong t&€ bao c6 tic dung nhu mot kim la ban gitp
chiing dinh huéng theo tr truong Trai Dat d€ trd
vé€ viing c6 diéu kien moi trudng thich hgp sau khi
bi céc dong chdy tu nhién day ra ngoai [9, 18]. Cac
y&u t6 vi moi trudng cb vai trd rat quan trong trong
s t6n tai cia VKT ciing nhu trong kha ning téng
hop cic hat magnetit noi t& bao cla ching [4]. Do
VKT phan ting rdt nhay v&i meéi trudng nén di co
mot s6 d€ nghi st dung chiing nhur cic chi thi moi
truong trong nghién cim méi trudng nudc hay
nghién ctru cé dia 1y [22]. Hon nita, sau khi VKT
chét, cac hat st tr nguén goc vi khusn s& trg thanh
cac vat mang do tir du, gop phén tao do tir du trong
dat da {5, 21], 1a d6i tuong quan tam cla cac
nghién clu c6 tir va tr tinh dat da. Vi vay viec
nghién clru méi trudng lien quan véi VKT 14 rat
cdn thiét d6i voi cac thi nghiem nuodi cay vi khudn,
céc Umg dung trong nghién ciiu vé moi trudng. c6
tr va vé qua trinh tién hoa cua kha nang tdng hop
cac khoang sat tir trong sinh vat. Mot s6 cong trinh
nghién ctu cic chi s6 moi trudng lien quan voi
VKT di duge tién hanh (3, 19] nhung trong db6 cac
tic gia d tién hanh do truc tiép tai thuc dia hodc
chua co phuong phap 14y miu d4m béo nén khong
dat dugc d6 chinh xac cao cd vé do6 phan gidi
khong gian 1an gié tri clia b4n than cac chi s6. Bai
béo nay trinh bdy két qua nghién ctru cic yéu td vi
moi frudng nhu néng do oxy,pH, th€ oxy hoi khir
E; lién quan voi su phan b6 cla VKT trong moi
truong tu nhied do duge bang cic quy trinh va
phuong phép do hoan thién hon. Qua dé chiing t6i
néu ra kha nang tng dung VKT trong nghién ciru
moi trudng va xem xét anh hudng cia VKT téi su
tir hoé trdm tich tré trong méi twong quan voi cac
danh gia vé mat d6 vi khu4n.
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1. Phuong phap, thiét bi va vi tri I3y miu

Nhim muc dich xac dinh céc chi s6 moi truong
chinh xéc, cac phép do phai dugc ti€n hanh trong
diéu kién giéng véi tw nhién nghia 1d cic miu
khong bi xdo tron va thoi gian do ngin d€ khong
x8y ra cic thay d8i khi miu bi tich khdi moi
trrong ban ddu. Ching toi da sir dung hai loai thiét
bi 14y miu : 1. Loai 6ng nhya hinh tru duéng kinh
khoéng 25 cm, dugc cic thg lan dua xuéng thing
ding theo phuong Z va lay miu & vi tri da duoc
chon lya (hinkh 1) ; 2. Cac 6ng nhua hinh tru dudng
kinh khoang 7-8 cm, dugc tha tir thuyén xubng vi
tri cdn 14y méu. Loai thtr nhat ¢6 vu di€m cho phép
lra chon diém 14y mAu dic trung cho méi trudng
cha khu vue va miu 14y lén tuyet d6i khong bi xao
tron. Loai thi€t bi tht hai don gidn hon, nhung
khong cho phép chon lya miu dac trung va do
duong kinh nho nén khoéng loai trir khd ning miu &
ria cla hinh tru c6 thé bi x40 tron trong qué trinh
van chuyén. Sau khi 1dy, miu dugc chuyén ngay
vao phong thi nghiém va qué trinh do kéo dai tir 20
phat dén vai gio. Cac mau thi nghiem duoc 14y &
Chiemsee - (47.7°N, 12.5°E) mot hé 1on & Dong
Nam Munich (CHLB Dirc) bang ca hai loai dung
cu ké trén & do sau tr 12 dén 15 m trén mot khu
vire hé co day tuong d6i bing phang, khong c6 cac
dong nudc ngdm. Mot s6 méu khac con duoc 14y
trong ao nhd & Niederlippach ¢6 do sau 1-2 m, héu
nhu khong c6 dong chdy trong ao.

D¢ xéac dinh cac chi s6 nhu néng do oxy, pH,
th€ oxy hoé khir E, ching t6i st dung cac ddu do
vi dién cuc (ME11025, ME12025, ME14000 va
REF401 Calomel) do hiang Mascom (Bremen,
CHLB Dbirc) san xuat. Cac ddu do c6 dudng kinh tir
20 dén 60 pum. T4t cd cic ddu do déu cin dugc
chudn hoa trude khi do va qua trinh nay kéo dai tir
vai gio dén 2 ngdy [10-12]. Sau d6 cac ddu do
dugc dattrén mot gia dd (micromanipulator) va dua
dén xudng sau theo mot tuyén do v6i khoang cach
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Hinh /. Thiét bj 14y mau loai lon
1. khe chén nap, 2. Ong tru bing phastic (dudng
kinh kho#ng 25¢m), 3. ndp chén bé dg, 4. gioang
cao su, 5, bé dd, Z - hubng cdm vao bin

giita cac diém 12 0,25 mm. Gid tri do duge hién thi
bing mV trén man hinh va s€ dugc chuyén sang
cac don vi tuong (mg. DE tranh sai s6 do sy troi
cic gié tri cha bin than dién cuc, trude v sau khi
do déu cin cb cac phép do chudn hod.

Péng thai voi viec do che chi s6 moi trudng,
mat do VKT trong mu cling dugc x4c dinh fir cic
quan st dudi kinh hién vi phan pha [14]. Mau 14n
lugt duge 14y bing xiranh y t€ theo chiéu ngang,
vuong gbc voi hubng cim Z, mdi miu cich nhau
-2 mm theo chiéu doc va 10 mm theo chiéu
ngang. Sau d6 mau duge dat 1en lam kinh va dua
vio quan sat du6i kinh hién vi phn pha. Trong tf
truémg déng nhat c6 huéng H, cac VKT s di
chuyén theo huéng cia truong ra dén ria nudc cua
giot miu. S5 luong vi khudn trong mot giot miu
duoe dém tryc tiép. Keét qud dém 13 chinh xéc khi
s6 lwong vi khuin trong miu khong nhi€u, khi
lugng vi khudn 16n thi chi ¢6 thé ube lugng truc
{iép hodc theo bang ghi video. S6 vi ‘khudn con

36

chua di chuyén ra dén ria giot miu khong b
dugc nén két qua tinh mat o vi khuén chi 12 gz =
udc luong nhd nhét.

2, Két qua do céc yéu to'vi moi truong

Diéu d& nhan thdy trudc het 12 14t cd cée chs =&
vé néng do oxy, pH, th€ oxy hod khir E;, déu s
d6i dang k& & ranh gidi nudc/bun (hink 2). Néng &8
oxy gidm tir 55% (twong duong 140 pmol/l) so v
biio hoa tai 16p phan cich nudc/bun dén O tai do S8
~3mm. Sir chuyén 16p tir moi trudng oxy hod ,
moi truang khir (E;>0 sang Ey<0) cling xiy rao &
sau nay. Nhu vay tai do sdu ~3-4 mm cO su € '
tir moi trwong higu khi (aerobic) - noi ¢o néng &
oxy phan tif cao, Ey >0 - sang moi truong vém ki
(anaerobic) - ¢6 néng do hydrogen sulfit (H,S) ca
va Ey< 0. Lép chuyén nay duoc goi 1a OATZ (O
Anoxic Transitional Zone) hay vi hi€u khi (micross
robic) (hink 3). Dac diém cla 16p OATZ 12 nées
do oxy va hydrogen sulfit rat thip, E, x4p xi biag
0 [3]. So sanh v&i hinh 3d bifu dién phin bd ma
do VKT trong mAu thi thay rd rang cdc VKT ién &2
chii yéu trong 16p OATZ vi sau hon - trong 55
y&m khi. Mat o VKT dat cuc dai (~10° t& bl
trong 1 ml) & 16p co néng do oxy phan tr gén bisg
0 vi E;, nhé hon -100 mV. Céc VKT ¢b thé 16n &=
déng thoi nhiéu chiing loai trong bun nhung thoes
thuong chiing t6n tai theo quin thé, trong d6 me
loai vi khudin c6 thé chiém toi trén 90% s6 luens
Loai VKT chil yéu c6 hinh cdu va hinh que v mas
d6 16n hon 10° t& bao/ml. Ching loai VKT trome
miu thay déi theo théi gian gifr miu trong phome
thi nghiém phan nh su thay di ctia moi truong.

DE quan sat sy thay doi theo thi gian chime
toi di tién hanh do cdc gia tri moi trudng trén mes
miu ngay sau khi 14y méu thang 8-1997 va sau k=
gif 2 thing trong phong thi nghiém (hinh 4). Hiss
dang clia cac tuyén do d6i voi ndng do oxy, pH ¥
E,, nhin chung khong ¢6 thay d6i 16n ngoai trir viss
o4 3 chi s6 déu suy gidm cham hon sau khi di s&&
vao 16p bon. Do pH trong lop OATZ da giam &
7.6 xuong 7.2. N6ng do oxy trong nudc iEas
khoang 20 % so véi khi m&i 14y méu va gén é=
dén 0 & do sau ~6mm. Nguyén nhan clia su thas
d8i ndy cb 1& do luong cée vi sinh vat tiu thu oy
& trong nudc va & 16p bin gin mat phan caes
nubc/bin giam, din dén su ting ham luong o%%
trong nuéc va oxy co thé thdm thau siu hon ¥
16p bin, Sy thay ddi 1o rang nhat 14 the oxy Bl
khir Ey : n6 suy gidm cham hon, chuyén tir gis &
duong sang am ¢ do sau 5 mm va dat 15i gid &
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Hinh 2. Thong s6 moi trudng méu 11/97
a. pH, b. n6ng do oxy, c. the oxy hoa khir E,,
d. mat do vi khudn trong méu, N. t8ng vi khudn/ml
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Hinh 3. So d6 16p OATZ

dinh (x4p xi -100 mV) & do sau ~6 mm so voi do
sau twong Gng la 2,5 mm va 4 mm do dugc ngay
sau khi 14y méu. Nhu vay 16p OATZ di dich
chuyén tir 46 sau ban ddu 1a 3-4 mm xudng t&i 4-7
mm va c6 th€ sau hon. Do ddy 16p nay cling tang
lén 2-3 14n. Ngoai ra con nhan thay cic VKT da
chuyén xudng sinh séng & 1op sau hon i(khoang 3

mm va sau hon), khoéng con thay xuat hién trong 3-
4 mm bun phid trén nira. Két qua do voi mot mau
khiac ldy & Niederlippach (Munich, CHLB birc)
cho thay hién trong nguoge lai, 16p OATZ va quin
thé¢ VKT déu ndm trong cot nude khoang 10 cm
phia trén bé mat phan cich. Két qua tuong tu ciing
duoc thong bao véi cac miu 18y & cua song Petta-
quamscutt (Rhode Island. USA}) ¢6 1op OATZ va
quén thé vi khudn ndm o do sau 4-3 m nude [2].
Piéu nay chimg té 16p OATZ khong nhit thiét phai
nim trong bun ma cé thé ndm ngay trong cot nudc
va su tén tai cla VKT lién quan chat ché dén 16p
OATZ. Mdi quan he cia VKT véi 1op OATZ c6
th€ gidi thich cho tinh dinh hudng theo tir trudng
Trai D4t cia cac vi khudn. Van dé 12 & mirc do san
c6 cla st trong moi trudng ciing gén lién voi 16p
OATZ. Phia trén 16p OATZ, sét t6n tai 0 dang sat
[1I khong hoa tan ; duéi 16p OATZ - sit phdn 16n &
trong cac hop chat sulfit sat II, ciing khong hoa tan.
Chi trong 16p OATZ sit moi ¢ trang thai sit IT dé
hoa tan, phil hop cho viéc tai qua mang t€ bao vao
trong co thé [22]. Nho khd nang dinh huéng theo
tir truong, cic VKT co thé di chuyen rit nhanh
theo hudng clia vecto trudng téng cla tir trudng
Trai D4t dén 16p OATZ va tim thdy ¢ day vang
thu4n loi nhét d€ t6n tai va téng hop magnetit.

Trong moi trudng hop da quan sat trong tu
nhién hay trong cic thi nghiém nuoi cdy gia tri pH
dudng nhu khong dnh hudng dén VKT. Ching co
thé ton tai trong moi trudng nudc ngot, nude 1g va
nudc bién [114, 18]. Cac vi khudn déu cé co che
6n dinh d¢ pH trong t€ bao va do vay do pH ngoai
méi trudng khong cb dnh hudng. Blakemore tir cac
thi nghiém nu6i cdy Magnetospirillum magnetotac-
ticum [4] cho ring VKT cdn c6 oxy phan tir d€ t6n
tai va téng hop cic hat magnetit. Tuy th€ trong thi
nghiém dé cd 2 yé&u t6 moi trudng lien quan dén
quén thé VKT 1a néng d6 oxy va th€ oxy hod khir
E, déu thay déi nén rat kho khang dinh yéu 16 nao
¢6 tinh quyét dinh. K&t qua do cda ching toi chi ra
VKT c6 thé tén tai ca trong m6i trudng yém khi
hoan toan va tring hgp v&i phéat hien VKT ky khi
MV-1 {1]. Diéu ndy cho thdy nong d¢ oxy khong
phai 13 y&u t6 quyét dinh su ton tai cia VKT,
ching co6 thé thuoc nhém vi hidu khi, ky khi hoic
ky khi khong bét budc : chang chi phat trién va
t6ng hop magnetit trong mai trudng c6 Ey, ban ddu
Khoang -100mV —1.'1: a50 hon. Ket luan nay tuong
déng ¢ gié i E dong vai tro chinh
wong kha nang 10ng hop magnetit cua cac VKT.
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Hinh 4. So sanh moéi truong clia méiu khi 14y (16-8-1997) va sau khi gir 2 thang trong phong thi nghiem

3. Khd nang img dung VKT trong cic nghién
cau moi trudng

C6 tic gia dé nghi st dung cac hat magnetit
nguén goc vi khudn lam chi thi moi trudng oxy
trong cac da c6 (trim tich) véi gia dinh rang VKT
chi t6n tai trong diéu kién vi hi€u khi caa trdm tich
[4-6]. Cac phat hien VKT ky khi twong t nhir MV-
1 va cac két qud do ciia chiing 16i chimg 0 dé& nghi
trén 12 khong hop Iy. Vi sir tén tai cha VKT gin
lién véi 16p OATZ diic trung cho buéc chuyén tir
moi trudng oxy hod sang moi truong khir nén
ching 6 thé duoc sir dung d€ phat hien 16p OATZ
va qua d6 cb thé€ phat hien sy thay déi vé néng do
oxy va luu huynh ciing nhur d€ xéc dinh viing khir
sat trong moi trudng nuée tr nhién, S8 luong VKT
dugc coi nhur chi thi vé mire do sin c6 ciia st trong
mol trudng nude hien nay eling nhur trude kia. Vige
st dung VKT lam chi thi 16p OATZ s& dé dang hon
nhiéu véi viée do truc tiep cac tham s6 moi trudng
vi d€ quan sat VKT trong tu nhién chiing ta chi cin
strdung mot kinh hién vi xach tay v métnam cham
nhd thay vi phai c6 céc ddu do twrong doi phire tap
va kho di chuyén néu do truc tiép céc yéu t6 nhu
ndng do oxy, E,. Hon nita do VKT t6n tai réng rdi
trong cic moi trudng khic nhau nén khi nang (mng
dung clia phuong phap nay rat phong phi,

Mot kha nang mg dung khic ctia VKT 1 sir
dung chiing trong viéc loc céc ion sit khdi nuée tw
nhién. Do t6c d¢ téng hop magnetit ndi t& bio cda
cdc vi khudn dién ra r4t nhanh, khodng trén duéi
24 gid (S. Spring, s6lieu chwa cong bo) cic VKT
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cd thé thu cic ion sit trong nudc tr nhién, t6ng
hop thanh magnetit va sau do vi khudn & duoc
tach khéi moi trudng bing tir truong dinh huéng.

Nhu moi sinh vt khic, cic VKT chiu dnh
hudng cia moi trdng va ban than chiing ciing co
tic dong dén moi truong, ( day chiing toi khong
ban dén cic tic dong sinh ho4 do VKT gay ra ma
S€ xem Xét cac anh hudng clia chiing dén Sir tir hoa
trong trdm tich. Diéu d& nhan thay 1 sau khi VKT
chét thi chi ¢6 cic vat chat hiu co clia & bio bi
phan huy trong mot thoi gian ngan. Cic hat sit tir
€ tén tai trong mot thoi gian lau hon, tuy thuoc
vao moi truéng. Cac hat sdt tir nguén géc vi khudn
s€ 1a céc vat liéu tir trong dat d4 va duge goi la
magnetofossil [5]. Nhiéu thi nghiém tach vat ligu
tr trong d4 trdm tich cho thdy magnetofossil c6 the
t6n tai trong céc trdm tich tién Cambri [7], Jura
[24], trong trim tich D¢ tir t&i Eocene [17] va
trong cic trdm tich wé [15, 20, 2| . B.M.
Moskowitz | 13] dua ra céc tieu chi xic dinh su t6n
tai clia magnetofossil trong dat da bing cac phép
do tir nhung do tinh phirc tap, khé minh gidi clia s
liéu va viéc cdn c6 cic thist bi rit hién dai nén khé
thuc hién. Nhin chung phuong phép don gian nh4t
d€ tim magnetofossil vin 1a chup anh hién vi dien
tir TEM/SEM cic vat liéu tir do hinh dang cua cic
hat magnetit nguén géc vi khudn rat dic biét [8,
14, 16, 23]. Tuy vay cho dén nay chua cb phuong
Php ndo c6 thé dua ra cde ket qud dinh luong vé
phén déng gbp ciia magnetofossil vio do tir du ctia
dat da. Chiing ta ¢6 th€ xdc dinh gi&i han tren cila
do tir ho4 do magnetofossil gy ra bing cich xac



dinh mat d6 VKT dang c6 trong méi trudng tu
nhién ; gia dinh 1 t4t cd cac hat sit tir déu 1a don
domain ; khi vi khuén chét di tat ca cac hat nay déu
khong bi pha huy va dugc dinh huéng theo tir trudng
Trai Dat. Voi mat do VKT ~ 10%/ml, moment tir clia
mot VKT 12 10 Gem’ thi d6 tir hoa do magnetofos-
sil déng gop trong 1 ml ctia 16p bun phia trén 13107
G (10' A/m). Gia tri nay CdO hon so véi tinh toan
cua Kirschvink (1979) 12 107G (10 A/m) cho mat
do v1 khuan 10°/ml va thdp hon két qua cua [18] 1a
10°G (107 A/m) cho mat d6 VKT la 10 /ml. Tuy
ring mat do VKT chi 13 uéc lugng nhung thuc t€
chua c6 tac gia ndo thong bio vé& mat dd6 VKT cao
hon ]0 m1| Néu ty trong 16p bun bé mat khoang
2 lﬂ kg/m" thi do tir hoa do VKT gay ra la ~5x10°
Am’ /Kg. So sanh voi do ur hpl bao hoa cha l&p
trAm tich chira VKT 1.69x107 Am /kg do dugc @
Chiemsee thi phan tir hod do cac VKT déng gop
x4p x1 bang 0,03 % vao do tir hoa tram tich hien
dai. Co nhiéu 1y do dé thdy : v&i mat do VKT duge
xac dinh nhu trén thi do tr hod do cic magneto-
fossil ddng gbp phéi nhd hon két qud tinh todn :

1. Cac VKT khong chét cing mot lic, cac VKT
con séng & chuyén dong lén phia trén.

2. Do nhu cdu trao d6i chdt, cic VKT ciing gop
phdn hoa tan cAc hat magnetit trong moi trudng nhd
cac siderophore 14 cic hop chét c6 kha nang hoa
tan ca cac khoang oxit sit bén viing nhat [25] nén
lwong magnetofossil trong trdm tich s& bi gidm.

3. Cac magnetofossil c6 thé bi ri, hoa tan, bién
thanh céc khoang tir khac hodc tham chi thanh cac
khoang phi tir trong moi trudng sau thdi gian dai.
Moi truong nudce bien co thé gilt cac magnetofossil
kho bi hoa tan hon so v&1 moi trudng nude ngot [17].

4. Danh gid dua trén gia dinh vé sy sip xép
thang hang cua tat ca cac b,.L st tu theo w trucrng
Trai Dat va cac hat dd déu a i)
hoa, moment tor cua ca chuo‘ kat dat gia m cwe dal.

5. Can gia dinh rang huong won
moment tit tinh thé khOng thay d-éi &7

do6 huéng vecto tir dur cla CAc magneicios
trdm tich khong déi, van triing voi hucrng ban dd...;

Viéc danh gia mat do VKT nhu da trinh bay chi
12 gia tri t6i thi€u nen kho danh gia chinh xic znh
hudng ctia VKT d6i véi su tir hoa trdm tich tré :
chiing ta nén coi cac VKT la nguén vat liéu or cdn
xét ti trong viec tao do tir du ty nhién cia trdm
tich, k€ cé céc trdm tich duoc hinh thanh trong

Appl. Environ. Microbiol., 61,

di€u kien y€m khi lau dai va tim phuong phap
nghién ctru dinh lugng dé€ xac dinh phdn déng gbp
clia cac magnetofossil vao do tir hoa dat da.

KET LUAN

Két qua do cla chlng toi vé cac yéu t5 vi moi
trudng cho thdy VKT tdn tai rat rong rii trong tu
nhién, dat mat do cuc dai & trong va ngay dudi 16p
OATZ. Cic thi nghiém cho phép khing dinh céc
VKT c6 thé 1a vi hi€u khi, ky khi hoac ky khi khong
bat buoc. Thé oxy hoa khir c6 thé 13 yéu t6 moi
trudng quan trong nhét trong su tén tai cia VKT va
qua trinh t6ng hop magnetit clia chiing c6 thé dién
ra trong diéu kién E, ban ddu nhd hon -100 mV.
Chung ta c6 thé sit dung VKT nhu mot chi thi moi
trudng dé tim vi tri 16p OATZ, qua db xic dinh
tinh trang moi trudng nude. Cac magnetofossil con
lai sau khi VKT chét co thé co vai trd quan trong
trong viécc tao thanh do tir du tw nhien NRM cia
cic da trdm tich mac da phan déng gop cua chiing
trong su tir hod trdm tich tré 1a khong dang ké.
Ngoai ra chiing t6i cho rdng trong cic nghién ciru
¢ dia 1y c6 thé dang cac magnetofossil nhu cac
chi thi v& mirc d¢ s&n co clia sit trong moi trudng.

Cong trinh thuoc dé an 02-13/96 do "Gottlieb
Daimler und Karl Benz Stifftung” tai tro. Céc tac
gid xin cam on Ts S. Spring, C. Heunemann, nhom
thg lan thudc t6 bdo vé hé Chiemsee, GsTs Nguyén
Thi Kim Thoa, Ts Lé Huy Minh, Gvc Vii Thi Minh
btrc, PgsTs Nguyén Dinh Quyén vé su gilp d§ va
théo ludn trong qua trinh nghién ciru.
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SUMMARY

Magnetic bacteria : environmental parameters

Microenvironment measurements were carried
out with pH, oxygen and redox potential microelec-
trodes (made by Mascom, BDR) on the undisturbed,
fresh sediment samples containing magnetotactic
bacteria. The results showed that the density of
magnetotactic bacteria is highest in and under OATZ
layer. It is suggested that the redox potential (less
than -100mV) is the key factor for the existence of
magnetotactic bacteria in sediment and for the
magnetosome's synthesis. Magnetotactic bacteria
can be used as an indicator for the OATZ layer or
indicator for the availability of iron in water environ-
ment. Our magnetic measurements on recent sedi-
mentindicate that although bacterial magnetosomes
contribute a very small part (~0.03%) to the total
magnetization of the sediment but in palaeomagnetic
studies the contribution of bacterial magnetofossils
into NRM should be taken into account.
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