Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

CHUONG 5

TIEN HOA VA PA DANG VI SINH VAT

Chuong nay dé cap dén su da dang di truyén trong cdc nhém vi sinh vt va ngudn
gOc phat sinh clia sy da dang nay.

Hién nay, ngudi ta di chitng minh ring khong c6 hoidc c6 rat it noi trén bé mit
trdi ¢4t ma khong c6 sy hién dién ctia vi khudn. Nhitng bi€n ddi trong vat liéu di truyén
cda vi sinh vat dua dén sy ti€n héa hinh thinh nhitng dang vi sinh vat mdi. Mic du hau
hé&t nhitng bi€n ddi di truyén 13 c6 hai d6i v6i vi sinh vat, nhung mot sd bi€n ddi lai
mang lai cho t€ bao nhitng thudc tinh méi c6 1di trong nhitng mdi trudng song nhit dinh.
Su tuong tic giita nhitng bi€n ddi di truyén va su chon loc ctia moi trudng trong sudt lich
st hinh thanh trdi dit da tao nén sy da dang cda vi sinh vat nhu ngay nay.

Trong chuong nay cdc dic tinh sinh hoc clia nhitng thanh vién quan trong trong
ba gi6i: Vi khudn, Vi khuin c8, Nhin thit s& dugc trinh bay tém tit.

Trong giSi Vi khudn, cdc nhém vi khudn quan trong s& dugc x&p nhém dya trén
nhitng dic di€m ki€u hinh kém theo nhitng thong tin quan trong cin biét khi nghién cttu
vé sinh thdi hoc, bénh hoc, sinh 1y hoc hoic vi sinh ng dung.

Mic dit Archaea thudc t€ biao prokaryote nhung ching khic nhiéu so vdi vi
khu&n ciing nhu khac nhiéu so véi t€ bao eukaryote. Trudc diy, gidi Archaea dugc goi
12 Archaebacteria (vi khuin ¢8), c6 dic diém séng dugc trong diéu kién méi trudng cuc
doan. Gi6i nay dugc chia thinh bon nhém: (1) nhém sinh methane (methanogen), (2)
nhém ua min (halophile), nhém siéu wa nhiét (hyperthermophile) va gidng
Thermoplasma.

C4c vi sinh vat nhan that dugc dé cap 1a tdo (algae), nAm sgi (fungi), mdc nhay
(slime mold) va nguyén sinh dong vat (protozoa). Vi sinh vat nhan that khac véi vi
khuin va archaea vé nhiéu khia canh nhu kich thuSc t&€ bao, ciu triic bén trong t& bao,
ciu tric vat liéu di truyén va lich st ti€n héa.

1. Ti€n héa va hé thong hoc phan tif vi sinh vat
1.1. Hinh thanh sy song

Trai dit dudc hinh thanh khodng 4,6 ty nim. Vao thdi gian ddu, trdi di't rit néng
nhung khodng 3,8 ty nim truGc di c6 sy xudt hién ctia nudc. Nhitng héa thach vi sinh da
dugc tim thay trong nhitng hon d4 khodng 3,5 ty nim.

Vao thdi gian ddu méi hinh thanh, khi quyén khong chita O, nén vi sinh vat dau
tién phdi 1a loai ky khi va ua nhiét do nhiét do bé miit trai d't rit cao. Ngudi ta cho ring
cdc phan ng héa hoc dugc kich thich bdi chi€u xa tif ngoai va tia dién di tao ra nhiéu
loai chat hitu cd va cdc dai phin ti. Sy két tu clia cdc phan tif da phan dugc cho ring da
lam cho t&€ bao ¢6 khd ning bién dudng va ty sao chép.

1.2. M@ di truyén va su tao ndng lugng & t¢ bao nguyén thiiy
Duya trén sy phat hién ring mot s6 phan tif RNA ¢6 chifc ning xic tic (ribozyme)

va v6i quan di€m 12 hé thong c6 kha ning tu sao chép nguyén thiy phdi rat don gidn,
dugc t8 chifc tir nhitng dai phan t dugc tdng hop bing quang héa qua mot qua trinh
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chon loc ty nhién va ti€n héa lau dai, ngdy nay nhiéu nha khoa hoc tin & gid thi€t cho
ring t€ bao nguyén thiy khong c6 DNA ma chi chita phan tif RNA vira c6 chiic ning
xtic tdc vira ¢6 chifc ning ma héa di truyén.

Theo gid thuyé&t nay, ton tai mot giai doan sy song RNA (RNA life), trong dé
phan tf RNA c6 vai trd 13 ty sao chép va chi thuc hién mdt s6 phan ng can cho sao
chép (Hinh 5.1). Ngudi ta da phat hién dugc mot s6 phdn tng dugc xic tdc bdi cdc
ribozyme nhu su tdng hop nucleotide tit dudng va base nitric, phdn tGng tao lién két
peptide va nhiéu phin ng khic.

©gq | functions, ANA only as
o coding molecule

1 L
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/— Protein
EQ Proteins take over catalytic
©Re
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DNA oq DNA replaces RNA as

coding molecule leading to
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% FIGURE 123 Possible scenario for the evolution of cellu-
The RNA world Lipoprotein lar life-forms from RNA life-forms. Self-replicating RNAs
vesicle could have become cellular entities by becoming stably inte-
grated into lipoprotein vesicles. With time, proteins re-

placed the catalytic functions of RNA and DNA replaced the

- u;/_ / coding functions of RNA.
T ;

' % Hinh 5.1 Gia thuyét vé sy hinh thanh va ti€n
g I héa t& bao tirt RNA
L " Early cellular life
(RNA as coding and
catalytic molecule)

Phan tif RNA dudc ti€n héa thanh dang t&€ bao diu tién khi dugc bao boc bdi cic
tdi lipoprotein. Cdc tdi nay dudc hinh thanh do su k&t tu ngdu nhién clia protein va lipid.

Qud trinh nay dién ra lién tuc trong thdi gian 1au dai d€ hinh thinh mot t& bao
nguyén thdy chita RNA va cdc protein cin thi€t. Mic di RNA ¢6 kha niing xic tic
nhiéu loai phdn &ng da dang nhung tinh chuyén biét xtc tdc khong cao.

Khi t&€ bao can c6 cdc phdn tng sinh héa phifc tap hon va cling vdi sy xudt hién
clia cdc phan tif protein, protein da din dan thay th€ RNA & chiic ning xic tic.

Su hinh thanh va chon loc DNA lam phan tif di truyén 1a két qud ctia 4p luc chon
loc vat chdt bén hon dé chita thong tin di truyén khi t€ bao c6 nhiéu chiic ning va ngay
cang phifc tap hon. Phuong thifc luu trit moi thong tin di truyén trong mdt chd nhit dinh
trong t& bao, chi st dung thong tin can thi€t ddp &ng vdi nhitng di€u kién nhat dinh cda
moi trudng bén ngoai gitlp cho t& bao ti€t kiém dugc ning lugng , 1am ting uu thé ton
tai va phdt trién cla t€ bao. Mit khdc, su sao chép RNA (bdi RNA polymerase) 1a qui
trinh tao ra tan sd sai s6t cao hon so véi DNA. Sy ti€n héa sinh hoc ¢é xu huéng chon
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vat liéu di truyén c6é khd ning sao chép vdi do tin ciy cao. Do vay, DNA din dan va
cudi ciing thay thé€ RNA trong vai trd 12 vat liéu di truyén trong qué trinh ti€n héa cia t&
bao.

Vao mdt giai doan nhit dinh trong qua trinh ti€n héa, hé thdng dong thong tin ba
thanh phan DNA-RNA-protein xudt hién va dudc thi€t 1ap trong t€ bao. Tinh uu viét cla
hé thdng dong thong tin ba thanh phan nay thé hién & thuc t& 1 tdt cd t&€ bao ngay nay
déu c6 hé thong thong tin nay.

T€& bao nguyén thiy cin c6 phuong thiic don gidn dé thu nhin ning lugng.
Phuong thitc bién dudng ning lugng & t€ bao nay 1a ky khi va c6 1€ 1a héa ning vd c0,
khai thac ngudn FeS va H,S ddi dao c6 trong bé mit trdi dit ldc bay gid. V6i phuong
thitc nay, chi cAn ¢6 3 loai protein 12 hydrogenase, S° reductase va ATPase 13 c6 thé thu
dudc nidng luong (Hinh 5.2).

1.3. Su ti€n héa cia cidc phuongt hiic bi€n dudng ning lugng va su hinh thanh ba
gidi sinh vat

Phuong thitc bi€n dudng 1én men va hd hap ky khi dd xuat hién tré hon vi cin sy
tham gia ctia nhiéu loai protein hon.

Sy hinh thanh vong prophyrin 12 mdt buSc then chdt trong ti€n hda ciia sinh vt
do né gitp thuc hién sy phosphoryl héa biing chudi truyén dién ti, nhd vay, cdc hdp chat
hitu cd khong thé 1én men c6 thé dudc sit dung 1am ngudn ning lugng bing phuong thic
ho hap ky khi.

Budc ti€p theo trong lich skt ti€n héa cia th€ gidi song 1a sy hinh thanh cdc sic &
quang tdng hgp nhu chlorophyll. St dung phuong thitc quang tdng hgp khong sinh dxi
gitdp hinh thanh nhitng sinh vat khong con 1& thudc vao ngudn ning lugng 1a cdc chat
hitu co.

Su xuit hién ctia phuong thitfc quang tong hop sinh 6xi da lam thay ddi cin ban
trdi dA't va su ti€n héa clia né. Sy tich tu O, @3 hinh thanh ting ozon ngin cin cic tia ti
ngoai manh d&€n dugc bé mit trai dat. Khi d6 vi sinh vat c6 thé tdn tai  moi noi trén bé
mit dia cAu. Oxi ciing tao diéu kién cho sy xui't hién ciia cic prokaryote hi€u khi, cdc t&
bao eukaryote va sau d6 1a cac dong vat da bao, dong vat va thyc vat bac cao.

Trong lich st ton tai clia sy song trén trdi da't, 80% thdi gian su sdng chi bao gdm
vi sinh vit.

Tir t€ bao dau tién xuat hién trén trdi dd't di phan héa thanh 3 nhdnh hiu thé 1a
vi khudn (Bacteria), ¢ vi khuidn (Archaea) va t&€ bao nhan that (Eukarya) (Hinh 5.3).

1.4. T¢ bao nhén thit va ngudn goc cia ti thé, lap thé

Céc t€ bao nhan thit ngay nay 1a hau dué ctia nhanh Eukarya. C4c bao quan nhu
ti thé va diép lap thé trong t€ bao nhin thiat ngiy nay c6 ngudn goc la cic t&€ bao tién
nhan ndi cdng sinh (endosymbiont), trong d6 mot dang 1a di dudng hi€u khi va mot dang
1a ty dudng, da cong sinh trong céc t&€ bao c6 nhan trong qud trinh ti€n héa ctia Eukarya
(Hinh 5.4). Cac thé noi cong sinh nay cung cAp ning lugng cho t& bao nhan thit vi nhin
tir t€ bao chit dinh dudng va dugc bdo vé bén trong t€ bao. Theo thdi gian, ching mat
kha ning ton tai doc 1ap.
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1.5. Phdt sinh chiing loai va
thudc do tién héa

Phat ching
(phylogeny) la khoa hoc nghién
ctu moi quan hé tién héa giita
cdc sinh vat. Cdc dic tinh ki€u
hinh cta vi sinh vat khdng cung
caAp nhiéu thong tin vé su phat
sinh chiing loai vi sinh vat. Gan
day, sy so sdnh trinh ty cdc dai
phan t& ¢ cling chifc ning & cac
loai khac nhau cho phép phan
tich cu ly ti€n héa (evolution
distance), ddc bi€t 1a phan tich va
so sanh trinh tu cia rRNA & ti€u
phin nhé clia ribosome.

Phuong phdp nay dya trén
gid dinh rdng khi hai vi sinh vat
c6 cling td tién chung, c6 mot dai
phin t& c¢6 cung chdc ning thi
néu thdi gian k& tir khi ching
tach khéi t§ tién chung cang dai
thi s6 lugng cdc base khdc biét
trén dai phin t cang 16n.

Pai phan tf dudc dung dé
so sanh & ddy can hién dién rong
rdi trong sinh vat, c6 clung chic
ning va khong ti€n hdéa qud
nhanh dé€ con ghi nhin dugc sy
twong doéng giita cdc sinh vat ¢
mdi quan hé ti€n héa khd xa
nhau. Pai phan t& sinh hoc nay
dugc goi la thu6c do ti€n héa
(evolutionary chronometer).

Phan t& rRNA 16S trong
ti€u phin nhd cda ribosome & t&
bao tién nhan hay 18S & t&€ bao
nhan that rt thich hdp cho vai trd
cia thuéc do ti€n héa. Céc phan
t nay con dugc goi chung la
rRNA ti€u phan nhd (small
anthinit rRNA SSTT rRN AN

sinh loai
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Phan tf nay hién dién trong ti't cd vi sinh vit, c6 chifc ning khong ddi. Trinh tu
rRNA 168 hay 18S c6 thé d& dang phan tich biing cach ly trich DNA tir t€ bao, diing pha
ting PCR v&i cdc mdi DNA tuong ng véi trinh ty bdo tdn cao d€ khuéch dai gen mi héa
rRNA 168, 18S va gidi trinh tu theo phuong phap Sanger (Hinh 5.5).

Ngoai ra, phan tif ndy chita dung dong thdi nhitng viing tié€n héa nhanh va nhitng
viing thay ddi chAm hon nén c6 thé dugc sit dung d€ x4c dinh tuong quan ti€n héa giita
hai loai cdch nhau ri't xa ciing nhu giita hai lodi rit gin nhau.
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1.6. Céy phadt sinh ching loai

Cay phat sinh chiing loai (phylogenic tree) c6 thé dugc xay dung ti cdc trinh tu
RNA 168 biing c4dch phin tich bing mdy tinh nhitng khic biét vé trinh ty cda tirng cip
sinh vat. Thuat todn clia mdy tinh gitip sip x&p sinh vat theo mot cAy phan nhdnh sao
cho
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thich hgp véi tit cd tinh todn vé cu ly ti€n héa cla tirng cip trinh tu hay titng cip sinh
vat (Hinh 5.6).

Ngay nay, di c¢6 hon 10.000 trinh tv SSU rRNA da dudc phan tich va sip x&p
trong mot co s§ dit liéu goi 12 Ribosomal Database Project (RDP). Cé thé truy cép dit
liéu nay bing dia chi nhu sau: http://www.cme.msu.edu.

Céac dir lieu tr sy phan tich cdc trinh ty TRNA cho phép xay dung dugc cay phat
sinh phdt sinh chung loai nhu Hinh 5.7.

Organism Sequence
" CEUAGRCEUGAG
B CCUAGAGCUGGC,
Cc CCAAGACGUGGC
(@
Evolutionary distance Corrected evoiutionary distance
Ep, Bl—— B 025 0.30
fc)
£ B c 033 0.44 C
Ec ] —— D] 042 0.61
Ep B——rC 025 0.30 FIGURE 129 Preparing a phylogenetic distance-matrix
tree from 165 ribosomal RNA sequences. For illustrative
Ey B —m E 0.33 0.44 purposes, only short sequences are shown, but it should be
considered that the sequences in (a) are representative of the
Ep ¢ — 033 044 entire 165 rRNA. The evolutionary distance (Ep) in (b) is cal-
culated as the percentage of nonidentical sequences between
®) the RNAs of any two organisms. The corrected Ej, is a statis-
Phylogenetic tree (computer-generated best fit to corrected tical correction necessary to account for either back muta-
evolutionary distances) tions to the original genotype or additional forward
mutations at the same site that could have occurred. The
Hinh 5.6 XAy dung mét s¢ dd phat sinh tree (c} is ultimately generated by computer analysis of the
” . y N g N p data to give the best fit. The total length of the branches sep-
chung loai dua vao trinh tu SSU rRNA arating any two organisms is proportional to the calculated

evolutionary distance between them. In actual analyses a
statistical process called bootstrapping is often used whereby
the computer generates hundreds of versions of the tree to
confirm that the final tree is indeed the best fit to the data.

Vé phuong dién ti€n héa thé gidi su song gdm c6 ba gidi (domain) 13 gisi Vi
khu&n (Bacteria), gi6i Vi khudn c6 (Archaea) va gi6i Nhan that (Eukarya). Nhu vay, su
phan loai sinh vat dya trén ki€u hinh thanh 5 gidi (kingdom) trong d6 c6 mot gidi 1a
prokaryote 12 khong thé hién chinh xdc mdi quan hé ti€n héa giita cic gidi.

Cay phit sinh chlng loai di 1am sdng td mot s6 diém sau day: (1) Cé hai nhdnh
t€ bao prokaryote khdc nhau 1a Bacteria va Archaea c6 cu ly ti€n héa gifta chiing xa hon
so vdi tirng nhdnh v6i Eukarya; (2) Mdi nhdnh dudc ti€n héa véi tdc dd khdc nhau; vi du
nhu Archaea ti€n héa tuong ddi chim trong khi nhanh Eukarya ti€n héa tuong d6i nhanh;
(3) Ti thé va diép lap thé trong t& bao eukaryote c6 ngudn gdc 1a cic vi khudn ndi cong
sinh.

Gi6i Vi khudn c6 thé dudc chia thanh 12 nhém (twong duong vSi nganh phylum)
bao gdm nhiéu dang vi khudn c6 hinh thdi va sinh 1y khdc nhau. Piéu nay cling c6 y
tudng cho ring cic dic tinh ki€u hinh 13 khong di d€ xdc dinh mdi quan hé tién hda
gilra cdc vi sinh vit.
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C6 ba nhém hodc ba nganh trong gidi Archaea, trong dé c6 hai nhém la cac vi
khu&n sinh methane va mdt 14 vi khudn sulfur. Nhém vi khudn sulfur nay bao gdm cac vi
khuin wa nhiét cuc doan va cAn nguyén t& luu huynh dé ting trudng toi wu, trong do,
nguyén td lvu huynh c6 vai tro 1a chdt nhan dién tif trong ho hap ky khi.

Su ti€n héa cla cdc nhdnh trong gidi Eukarya dugc dic trung bdi nhitng thdi ky
ti€n héa nhanh xen k& v&i nhitng thdi ky ti€n héa cham. Sy tich tu cia O, trong khi
quyén trdi dat 1,5 ty nim trudc 1 nguyén nhan din d&n sy ti€n héa nhanh.
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R
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Green mnw|mg Eﬂﬁm&eﬁ ;?1!"&85; e
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AGURE 1213 Universal phylogenetic tree as determined from comparative ribosomal RNA sequencing,. The data support
2 separation of three domains, two of which (Bacteria and Archaea) contain only prokaryotic representatives. The lmséon ;

lighted in red is the hypothetical root of the tree, which represents the position of the universal ancestor of all cells. See
At lor discussion of the Korarchaeota,

Hinh 5.7 CAy phat sinh chiing loai th& gi6i sinh vat tif cdc trinh ty SSU rRNA

1.7. Cdc trinh ty nhdn dién (signature sequence), mdu do phdt sinh chiing logi
(phylogenic probe) va sinh thdi hoc phédn tit vi sinh vdt (molecular microbial ecology)

Phan tich dit liéu cdc trinh ty SSU RNA da bi€t con cho phép xdc dinh dugc cédc
trinh ty nhan dién (signature sequence) chuyén biét cho tirng gidi (Bdng 5.1). Mot s&
trinh ty nhan dién cho mdt nhém chuyén biét trong gidi, thim chi mot gidng, mot loai
cling da dudc xdc dinh. Trong tuong lai, nhiéu trinh ty tuong tu dudc xdc dinh va sé& rat
hitu dung trong vi€éc nhan di€n, dinh danh mot vi sinh vat méi.

Céc trinh ty nhin dién chuyén biét cho Vi khudn, Archaea hay Eukarya cé thé
dugc tdng hdp, ddnh diu bing chit huynh quang va diing dé phat hién chuyén biét cic
gidinay. Cdc miu do ndy dugc goi 1a miu do phét sinh chiing loai.

Bing viéc x{r Iy miu chita vi sinh vat bing mot tdc nhan thich hdp 1am ting tinh
thAm ctia mang, cho phép miu do vao bén trong t& bao, thuc hién phuong phép lai phan
t (lai in-situ, tic 12 lai truc ti€p trén t&€ bao trong miu) va quan st dudi kinh hién vi
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huynh quang, ngudi ta ¢6 thé xdc dinh truc ti€p chlng thuin thudc gidi nao hay quin xi
vi sinh vat hién dién trong mdt miu ty nhién gdm nhitng gidi nao. K§ thuit ndy lai va
phat hién nay dugc goi la lai in-situ huynh quang FISH (fluorescence in-situ
hybridazation), dugc st dung rong rai trong nghién cttu sinh thdi hoc vi sinh vit va trong

chdn dodn bénh.

Bdng 5.1 Cic trinh ty nhin dién chuyén biét cia ba giGi

)

E;;:zm £

; Signature secuencss rom 165 or 18S rRNA-defining the three domains of life

Occurrence among’

Oligonuciectide signatures” Approximate position® Archaea Bacteria : "“‘Eukar}'a
CacG - 513 0 . >95 Q
CYAAYUNYG 510 0 >95 0
AAACUCAAA - 3 % 910 3 100 0
AAACUUAAAG 210 100 0 100
NUUAAUUCG 960 0 >95 : 0
YUYAAUUG 960 100 <1 100
CAACCYYCR 1110 0 >95 ¢
UUCCCG 1350 0 =95 i
UCCCUG - 1380 >95 0 10
CUCCLUG 1390 >95 0 0
UACACACCG 1400 0 >99 100
CACACACCG 100 100 0 0
S

2 Y, Any pyrimidine; R, any purine; N, any purine or pyvrimiine.
b Refer to Figure 12.7¢ for numbening scheme of 165 rRNA.
i

¢ Occurrence refers to percentage of organi ined inany

in that contain that sequence.

Ngoai phuong phap FISH nay, ngay nay, k§ thuit gidi trinh tv rRNA con dugc
diing trong sinh thai hoc vi sinh vat. Ky thuit nay dugc dung dé phan tich phat sinh
chiing loai clia cdc quan xa vi sinh vt ma khong can phan lap, nudi cdy chiing vi sinh
vat. Trong trudng hop nay, tdng DNA ciia quan xa clia vi sinh vat dugc ly trich, khuéch
dai biing PCR, tao cdc dong riéng biét, ly trich DNA, gidi trinh tv va x4y dung ciy ph4t

sinh chiing loai (Hinh 5.8).

Microbial

community

Extract DNA @

Total community DNA

J

PCR 1€S rRNA
genss

{

Ribosomal DNA
clonzs

d

Sequence and generate
phylogenetic tree
fal

CuuDuongThanCong.com

Bacillus subtilis
Unknown Bacilfus species

Bacillus cereus
Baciilus megaterium
s mo

<t P TR

~ Unknown *low GC gram-pasitive”
E Clostricium histolyticum
—— Unknown Clostridium species

FIGURE 12.12 Steps in biodiversity analysis of a microbial
community using phylogenetic probes. (a) Ritosomal DNA
clones are obtained by PCR methods (see Figure 12.8). (b)
Hypothetical example of a phylogenetic tree that might be
generated if primers used were specific for the “low GC
gram-positive” lineage of the rhvlogenetic domain Bacteria,
which includes species of Bacillus and Clostridium (o= Sec-
tion 13.19). Note that many of the sequences de not match
any previously sequenced species and therefore represent
previously unrecognized (unknown) species.

{b)

Hinh 5.8 Cac budc phan tich sy da dang sinh hoc
ctia mot quin x4 vi sinh vat bing miu do phat sinh
ching loai
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Cé4c két qua phan tich cho thdy hdu hét cic quin xa trong tuy nhién déu chita
thanh phan khdc nhiéu so v6i k&t qud nghién cttu bing phuong phip phin 1dp va nudi
cdy. Trong da s trudng hdp, cdc quan xa déu cé chita thanh phan loai mdi ma trude day
chua dugc phdt hién. Khoa hoc nghién cttu sinh thdi vi sinh vat hoc biing k§ thuit phan
tich SSU rRNA dugc goi la sinh thdai hoc phan t& vi sinh vit.

1.8. M4t s6 ddc trung kiéu hinh ciia cdc gidi
Mot s& dic trung phin biét giita cdc gidi dudc tdng hop trén Bdng 5.2 va Bdng
5.3.
Bdng 5.2 Tinh min cam ctiia mét s6 dai dién ctia ba gi6i ddi véi cac chat e ché sinh téng hgp

‘ LEIEEPER Sensitivity of representativas of the three domains to varius protein syntiesis inhibitors?

T —"
Archaea Bacteria Eukarya
Euryarchaeota " Crenarchaeota :
S Methanobacterinin Sulfolobus .. Escherichia - Sacclizromyceg
Antibiotics Mode of action thermoautotrophicum acidocaldarius  -.  coli cereviziae
T —
Fusidic acid, sparsomycin Inhibits elongation steps -+ = + -+ b
Anisomycin, narciclasine »  Inhibits peptidyl transfer + - - +
Cycloheximide Blocks initiation g — — - +
Erythromycin, streptomycin,  Increases error frequencies - - + -
chloramphenicol and other effects
Virginiamycin, pulvomycin Inhibits elongation steps * = + -
Neomycin, puromycin Causes premature + + + +
termination
Rifamycin Inhibits 8 subunit of - - + -

RNA polymerase

@ A ~ indicates that protein synthesis {and growth) is inhibited. = N T

Vich t&€ bao vi khudn chita peptidoglycan, hau hét Archaea chita glycoprotein
trong vach t&€ bao, trong khi d6 vdch t€ bao nhan thit khdng chia cd hoai loai
polysaccharide nay, thay vao dé la cellulose hodc chitin.

Thanh phan lipid cla Archaea chita cdc lién két ether giita glycerol va acid béo
trong khi Bacteria va Eukarya chita lién két ester.

Céc t&€ bao thudc ba gidi khiac nhau vé chiing loai va dd phic tap clia cic ti€u
phin cia RNA polymerase. Bacteria chi c6 mot loai RNA polymerase gdm bén tiéu
phan khdc nhau. Archaea c6 it nhat hai loai RNA polymerase va mdi enzyme c6 8 — 10
polypeptid. T& bio nhan thit c6 it nhit ba loai RNA polymerase, loai RNA phd bién
nhi't chita 10 — 12 polypeptid.

Su sinh tdng hop protein & Bacteria va Archaea dugc thuc hién trén ribosome c6
kich thugc 70S trong khi ribosome ctia t&€ bao nhan that ¢ kich thudc to hon. G vi khuén,
formylmethionine 12 amino acid diu tién dugc gin vao protein trong khi § Archaea va
Eukarya ludn ludn 12 methionine. C4c tdc nhin tc ch€ sinh tdng hgp protein & vi khuin
thi khong c¢6 4nh huéng dén qud trinh nay & t&€ bao hai gidi con lai. Ngugc lai, doc t6
diphtheria toxin tc ch€ sinh tGng hgp protein & t€ bao Archaea va Eukarya nhung khong
c6 tac dung & Bacteria.

1.9. Phén loai hoc truyén thong va phdn loai hoc phéin tit

Phan loai hoc vi khuin sip x€p cdc loai vi khudn dva trén cdc dic diém ki€u
hinh va kha hitu dung trong dinh danh chiing mdi. Pon vi phan loai cd ban la loai, la
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nhitng chiing c6 dic di€m ki€u hinh gidng nhau. Cic bo suu tip gidong thudng luu giit cdc
chiing di€n hinh (type starin) diing 1am chiing chuén c6 cic dic di€m cta loai.

Bdng 5.3 Cac diac trung phan biét ba gidi sinh vat

Summary of major differentiating features among Bacleria, Archaea, and Eukarya®

¥ Ve T T S e - - 2 3 45
Charactéristic ™"+ 7 Bacteria ’ Archaea ..: 7" . . Eukarya - s
Prokaryotic cell structure o5 Yes No
DN A present in covalently closed and Yes o Yes i No
cixcular form
Fiistane proteins present No 4 Yes Yes
dlembrane-enclosed nucleus ; Absent Absent Present
Cell wall Muramic acid present Muramic acid absent Muramic acid absent
Membrane lipids ] Ester-linked Ether-linked Ester-linked
Ribosomes 05 705 805
Initiator tRNA Formylmethionine Methionine Methionine
Introns in most genes No No Yes
Operons Yes Yes' No
Capping and poly-A tailing of mRNA . No No ‘ Yes
Plasmids Yes Yes Rare
U osome sensitivity to diphtheria toxin No Yes Yes
i polymerases (see Figure 12.16) One (4 subunits) Several (3-12 : Three (12-14
) . subunits each) subunits each)
~amseription factors required (752 Section 6.8) No Yes Yes
P'romoter structure (2= Sections 6.7 and 6.8) =10and -35 TATA bax TATA box
sequences
(Pribnow box)
Sensitivity to chloramphenicol, streptomycin, Yes No No
and kanamycin .
Methanogenesis  ° i No Yes No .
Reduction of $" to H.S ar Fe'™ to Fe®™ Yes Yes No
Nitrication Yes No No
’ 'ica'tion Yos oS Na
agen fixation Yes Yos Na
-wrophyil-based photosynthesis Yo Xo Yes
—Chemolithotrophy (Fe, 8§, Hd—- - ——m — — Yoy T s T T T Ty \éi Beihmglel,
Gas vesicles Yes Tes No
Svnrhesis of carbon storage granules Yes Yes No
composed of poly-B-hydroxyalkanoates
Growth above 80°C . Yes Yes No

4 Note that for many features only particular representatives within 4 domain show the propesty

Trong phan loai hoc truyén thdng, mot s& dic di€m ki€u hinh dudc coi trong nhu
nhudm Gram, hinh thdi t€ bao va su hién dién cla cdc ciu tric t& biao nhu ndi bao td.
Trong phin loai s6 hoc (numerical taxonomy), tit cd dic di€ém kiéu hinh déu c6 gia tri
ngang nhau trong sip x&p cdc chiing.

Khéa phin loai Bergey (Bergey’s Manual of Systematic Bacteriology) goém céc
dic tinh ki€u hinh diing d€ sip x&p vi khudn theo phan loai truyén thdng va cic khéa
dung dé€ dinh danh mot chiing mdi dya theo cic dic di€m kiéu hinh.

Mdt s& phan tich vé nucleic acid di dugc dua vao phuong phdp phan loai truyén
théng nhu thanh phan GC va lai nucleic acid.

Thanh phin base ctia DNA chi ¢6 tdic dung chiing minh c4c vi khuin 14 khong c6
lién hé véi nhau. Ty 1€ cdc base trong DNA c6 thé thay ddi trong pham vi rdt rong. N&u
hai vi sinh vit c6 thanh phin base khdc nhau thi ching khong c6 lién hé vdi nhau. Tuy
nhién, hai vi khuén c6 cling thinh phin base chua hin 12 ¢6 quan hé v6i nhau do trinh ty
base c6 thé€ hoan toan khic nhau.
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Viéc lai giita DNA cda hai vi khudn cho phép dinh danh mot loai méi hodc xdc
dinh m&i quan hé dé€n mic giong va loai giita hai vi khudn.

P& xdc dinh mdi quan hé giita cdc chling, thong thudng ngudi ta so sanh phin
trim lai (DNA-DNA) giita chiing cdn khdo sit vdi mot ching di bi€t (chiing chuin)
(Hinh 5.9).

Organisms to — Organism 1 Organism 2 Organism 3 Organism 4
E- sompared G @ G -
. __—DNA DNA DNA DNA
pr=oaration \ . {} & @

Shear and label L)) Shear DNA Shear DNA Shear DNA

fEE-S EE84d8 £2E§ §

- ; =

S of E 3 .. g = R
e OEPEIPECE 4 2 H B Of OB 30E] 5 €

ewe £3 o83 E3osi ) B3 O] OB H H ok BBl OH ¢
Rybridization -
~ experimerit ~MBFDNA trom tvo crganisms—imilabeled DNA'E added 13 axcess: R T

TR
Hybridized DNA —{ J
wa——"H BT Hof §F T
X2 — - ; t 2
| £ H
Hybridized DNA —| i j——> Unhybridized DNA
- - | 3—@ B .
mo——f BLE T T | dHH
. eI 3
Hybridized DNA —L_ I | Unhybridized DNA -
s “"3 = m >
wi——°F T of T F i HHHE
® Hybridized Dm——Ll—l L ' Unhybridized DNA—I
) Percentage Hybridization
Results and - s .
interpretation 1xt 1x3 1x3 123
100% 75% 25% 7%
Same strain {and 2 are tand 3 are "1and 4 are
i {contrai) the same species  the same genus  different genera

—

FIGURE 12.19 Genomic hybridization as a taxor.amic tool. () DNA is isoiated from test organisms. Ore of the DNAs is fa-
b.eled (shown here as radioactive phosphate in the DNA of Organism 1. (b) Actual hybridization experiment. All combina-
tions are tried and excess unlabeled DINA is added in éach experiment to prevent labeled DNA from reannealing with itsetf.

Following hybridization, hybridized DN A is

separated from-unhybridized DNA before measuring radioactivity in the hy-

bridized DNA only. {c) Results. Radivactivity in the control is taken as the 1720° hybridization value.

Hinh 5.9 Phan loai vi sinh vat biing k¥ thuat lai phan ti (DNA-DNA) va tinh phin trim lai

DNA tif chling chuén dugc ly trich, tinh ché tir, dinh d4u bing dong vi phéng xa,

phian doan thanh nhitng doan ngin c6 chiéu dai ngiu nhién, dun néng d€ tich mach.
DNA tif cdc chiing can khdo sdt ciing dugc chudn bi tuong tu nhung khong dudc danh
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d&u. Ti€n hanh lai mau DNA chiing chudn véi nhau (d8i chitng). Sau d6 tudn tu lai DNA
chiing chudn véi DNA chiing can khdo sit. Thu 14y DNA mach kép (c6 lai), loai bd
DNA mach don. Po ning lugng phéng xa cla trudng hop ddi chiing. Lugng ndy dudc
xem la tuong dudng 100% lai. Tuong ty, tinh ndng lugng phéng xa thu dudc tr cic
trudng hdp lai gitta chling chuin vé6i chiing kh3o sat. Tinh phan trim lai.

T s8 liéu vé mitc dd lai c6 thé xdc dinh m&i tuong quan giita cac chiing nhu sau:

- Trén 70% lai: hai chiing cung loai (khdac ching)

- Trén 20% lai: hai ching cling gi6ng

- Du6i 10%: hai chiing khac giong.

Gan day, hai k§ thudt méi da dugc thi€t 1ap gidp dinh danh vi sinh vat dua trén
phén t 1a ribotyping, FAME.

K§ thuét ribotyping cling phan tich SSU rRNA (nhung khong gidi trinh ty) gidp
dinh danh vi sinh vat d&€n mic loai. Ky thuit niy khai thdc dic di€m 13 sy sai khdc trong
trinh tv SSU rRNA clia cdc loai khdc nhau didn dén su khic biét vé trinh tu nhan dién
clla cdc enzyme cit gidi han. Do vdy, gen ma héa SSU rRNA dudc khué€ch dai bing
PCR, cit bing mot hodc vai enzyme cit gii han, tich bing dién di, chuyén thim lén
mang va lai bing cdc miu do. Cdc vach lai 1a chuyén biét cho titng loai va chiing vi sinh
vat, dudc dua vao co sé dif liéu va dudc sit dung nhu 1a cdc mi vach dé€ dinh danh vi sinh
vat. K§ thuidt ndy nhanh hon k§ thuit gidi trinh ty, mic khdc lai rdt chuyén biét nén
dudc tng dung rong rai trong chan dodn bénh, phan tich vi sinh thuc phdm, nudc... (Hinh
5.10).

Lactococcus I“

lactis

Lactobacillus l

Lactobacilius l

brevis .
il

kefir

Carl A. Batt

kb,

FIGURE12.20 Ribotyping. Ribotype results from four dif-
ferent lactic acid bacteria. The pattern of DNA fragments
generated from restriction enzyme digestion of DNA taken
from a colony of each bacterium and then probed with 165
rRINA genes is unique to a species or even to strains within
a species. The patterns generated on a gel with known or-
ganisms are digitized and stored in a database for compar-
isons in identifying environmental or clinical isolates.
Varjations in both position and intensity of the bands are im-
portant in identification.

Hinh 5.10 Ma vach di truyén thu dugc biing k§ thuit ribotyping
K§ thuat FAME (fatty acid methyl ester) dua trén tinh chuyén biét vé chiling loai
va thanh phan c4c acid béo hién dién trong mang t& bao vi khuin. Tinh chuyén biét nay

12 do su da dang vé chiéu dai mach, nhém thé&, vong, hydroxyl, d6 khong bdo hoa... ciia
acid béo trong mang. Viéc phin tich dAn xudt methyl ester clia cdc acid béo ndy ngay
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cang dudc diing rong rii trong chdn dodn bénh, dich t& hoc, xét nghiém vi sinh vat nudc,
thuc pham... (Hinh 5.11).

Classes of Fatty Acids in Bacteria

Class = Example ‘ Structure of example
i
Saturated . telradecanoic /C—(CH ,}15—~CHg
— HO
. 9 HH
i Unsaturated omega-7-cis C—(CH,)s—C=C—(CH,)s—CHj
hexadecanoic 7
— HH
[e) \C/
Cyclopropane cis 7-8 methylene C'.I‘.—(CH ,_}a—C/=\G—[CHz}5—CH
hexadecanoic / N 3
HO H H
: o CH,
Branched < 13-methyitetradecanoic g—(CHz}m—é‘CHa
Ho” o
P
Hydroxy 3-hydroxytetradscanoic /C—CH 2_?_(0,4 }g—CH;
@ i OH
Peaks from
various
>, fatty acid
Bacterial culture methyl esters
Extract fatty acids A’ i
) z :/l ‘ \ Compare
T 3 ttern of ,
Derivatize to form 3 \ “ | / A pattam 9 identify
; E peaks with ;
— methyl esters = b ldd E_>_ Datterngin - ¥ ~organism
database

Gas chromatography

(b

FIGURE 12.21 Fatty acid methy] ester (FAME) analysis in bacterial identification. (a) Classes of fatty acids'in Bacteria. Only a
single example is given of each class, but in actuality, more than 200 different fatty acids have been discovered from bacterial
sources. A methwl-ester contains a methyl group (CH;) in place of the proton on the carboxylic acid group (COOH) of the fatty
a..d. (b) Procedure. Each peak from the gas chromatograph is due to ane particular fatty acid methyl ester and the peak height
is proportional to the amount.

Hinh 5.11 Phan loai va dinh danh vi khuéin biing kj thuat FAME

2. Gi6i Vi khudn (Bacteria)
2.1. Vi khudn tia-luc quang nding

Vi khuén tia (purple bacteria) va vi khudn luc (green bacteria) 1a cdc vi khuin
tao ra sic td bacteriochlorophyll (diép luc t& vi khudn) va c6 khad ning quang téng hop.
Céc vi khuan tia chira loai bacteriochlorophyll khdc vé6i vi khudn luc. Ngoai ra, vi khuan
luc con chia luc thé (chlorosome) gidn vao mang t&€ bao chit. Vi khuin tia ¢c§ dinh CO,
biing chu trinh Calvin trong khi d6 vi khu&n luc thi st dung chu trinh khéc.

Sy ting trudng theo phudng thifc quang tdng hop chi dugc thuc hién trong diéu
kién ky khi. T4t c4 cdc loai vi khudn tia lvu huynh va vi khuin luc Ivu huynh déu cé thé
sit dung hgp chat khit cda lvu huynh lam chit cho dién ti dé€ tao luc khit. Vi khudn luc
Chloroflexus va vi khuin tia khong luu huynh (non-sulfur purple bacteria) st dung hgp
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chat hitu co d€ tao lyc khit NADPH trong quang tong hop khong tao oxi. Ngoai ra cdc vi
khu&n néu trén con c6 thé ting trudng hi€u khi bing phuong thifc héa hitu co di dudng.

2.2. Vi khudn lam

HAu hét cdc loai vi khudn lam (cyanobacteria) 12 dang quang tu dudng sinh 6xi
bit budc, c¢d dinh CO, bing chu trinh Calvin. Ching chifa cdc sic t6 quang hdp la
chlorophyll a va phycobilin. Vi khuin lam rit da dang vé hinh thdi c6 thé & dang don
bao hay dang sgi. Ngoai ra, md s6 loai con tao dudc cdc t&€ bao phan héa nhu akinetes 1a
dang t&€ bao nghi va heterocyst 12 t€ bao chuyén cd dinh N».

2.3. Tién lap khudn
Tién lap khudn (Prochlorophyte) 1a cidc loai prokaryote chita diép luc t&
chlorophyll a va b, quang tdng hop sinh dxi tudng tu nhu chloroplast & thuc vat.

2.4. Vi khudn héa ndng vo co

Céc loai héa ning vo cd (chemolithotroph) 13 cdc vi khuidn c¢6 kha ning diing hop
chat vd co khit 1am ngudn ning lugng. Ching c6 kha ning ti€n hanh quang tdng hdp, c&
dinh CO, bing chu trinh Calvin. Ngoai ra, rat nhiéu loai vi khuin nay con c6 thé ting
trudng bing phudng thic héa ning hitu cd.

Nhom héa ndng vo cd lai dudc chia thanh cic nhém khac nhau dua vao loai hgp
chat vd c¢d diing lam ngudn ning lugng.

Vi khuén nitrate héa (nitrifying bacteria) gdm hai nhém 12 vi khuan nitrite héa c6
kha ning 6xi héa NH; thanh nitrite (NO,) va vi khudn nitrate héa c6 kha ning 6xi héa
nitrite thanh nitrate (NO3"). C4c vi khuin nitrate hda c6 hé théng mang ndi bao rat phat
trién.

Nhém vi khudn 6xi héa lvu huynh (sulfur-oxidizing bacteria) 13 cdc vi khudn c6
khd ning 6xi héa cdc hgp chat khit cia Ivu huynh thanh sulfuric acid (HySO4). Mot s&
loai thudc nhém nay c6 thé ting trudng dude & pH rat thap.

Nhém vi khudn 6xi héa hydrogen héa ning vo cd (hydrogen-oxidizing bacteria)
12 cdc vi khudn héa ning vo cd tlly ¥ vi chiing ciing c¢6 thé ting trudng theo phuong thic
héa ning hitu cd. Pay 13 tén goi chung cho mdt nhém gém nhidu gidng vi khuin khic
nhau cé thé ting trudng héa ning vd co trén hydrogen nhd hoat tinh cda enzyme
hydrogenase lién k&t véi mot hé thong chuyén dién tif va tao ra dong luc proton.

2.4. Vi khudn dinh duong methyl

Nhém dinh dudng methyl (methylotroph) 14 mot nhém 16n cic gidng vi khuin cé
kha ning 6xi hda hgp chat hitu co chita mot carbon nhu methanol, methylamine, formate
hoic cdc din xui't ciia methyl (Bdng 5.4). Trong nhém nay, nhém dinh dudng methane
(methanotroph) 12 nhém chuyén biét hon chi c6 thé sit dung methane d€ ting trudng.
Céc vi khuidn dinh dudng methane déu 1a vi khuin hi€u khi do enzyme dau tién trong
chudi cdc phdn tng 6xi héa methane 13 oxygenase. Nhém methanotroph con dudc phan
thanh hai nhém nhd khdc nhau bédi cdc con dudng dong héa carbon va bdi cic sip x&p
clla mang bén trong t& bao.
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Bdng 5.4 Cd chit st dung béi vi khuin dinh dudng methyl

mmstrates used by methylotrophic bacteria®

v+ L Substrates oxidized but not used for
Substrates used for growth growth (cometabolism)

Methane, CH, Ammonium, NH,*

Methanol, CH;OH Ethylene, H,C=CH,

Methylamine, CH,NH, Chloromethane, CH,QO
Dimethylamine, (CH,),NH Bromomethane, CH,Br
Trimethylamine, (CH,);N Higher hydrocarbons (ethane, propane)

Tetramethylammonium, (CH,)N*
Trimethylamine N-oxide, (CH;),NO
Trimethylsulfonium, (CH,),5"
Formate, HCOO™

Formamide, HCONH,

Carbon monoxide, CO

Dimethyl ether, (CH;,0

Dimethyl carbonate, CH,OCOOCH;
Dimethyl sulfoxide, (CH,),SO
Dimethylsulfide, (CH;),5

a Asingle isolate does not use all of the above, but at least one methylotrophic bacterium has been reported to
oxidize each of the listed compounds.

2.5. Vi khudn khit sulfate

Céc nhém vi khudn khit sulfate va khit lvu huynh (sulfate- and sulfur-reducing
bacteria) 12 cdc vi khudn ky khi bit budc sit dung hgp chit hitu co 1am ngudn ning
lugng, trong d6 sulfate va sulfur dugc ding 1am chat nhin dién tf sau cling trong hd hap
ky khi, tao ra hydrogen sulfide H»S.

Ngudi ta chia nhém nay thanh hai nhém sinh 1y khdc nhau 1a nhém chi c6 kha
ning 6xi héa chat hit u co d€n acetate va nhém c6 khd niing 6xi héa hoan toan acid béo
thanh CO..

Nhém vi khuan khit sulfate va sulfur cé vai trd quan trong vé dia héa va hién
dién phd bién trong cdc moi trudng gidu sulfate ndi ma sy phan hily cac chat hitu co bdi
vi sinh vat di hinh thanh nén mdi trudng ky khi.

2.6. Vi khudn sinh acetate dong hinh

Nhém vi khuén sinh acetate ddng hinh (homoacetogenic bacteria) 12 nhém céc vi
khuén ting trudng ky khi bing cdch st dung CO, lam chit nhan dién tif cudi cling trong
ho hap ky khi tao ra acetate hoic bing sy 1én men dudng dé tao ra acetate.

Céc vi khudn nay ding con dudng acetyl CoA d€ khit CO, thanh acetate (con
dudng nay ciing dugc sit dung bdi cdc vi khuin sinh methane (methanogen) va vi khuin
khur sulfate khi ching ting trudng theo phuong thic tu dudng.

2.7. Vi khudn ndy choi, c6 mdu

Vi khuin niy chdi, c6 mau (budding and appendage, prosthecate bacteria) 12
nhém céc vi khuin c6 nhiéu cau tric do t&€ bao chit nhd ra. C4c ciu tric nay khdc tién
mao va khudn & chd chiing c6 chita t&€ bao chi't va dudce bao boc bdi vich t&€ bao.

Nhém vi khudn nay rit da dang vé sinh 1y va la d6i tuong t6t dé€ nghién citu vé
sy phan héa clia t€ bao do sdn pham ciia sy phan bao (hai t& bao con) 1a khong ddng
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nhat, khidc véi trudng hgp su phan bao, cit ddi binh thudng (Hinh 5.12). Hai loai dién
hinh cda nhém nay 13 vi khudn cé cudng (stalked bacteria) va vi khudn ndy chdi
(budding bacteria).

2.8. Spirilla

Spirilla 12 nhém da dang cdc vi khudn c6 hinh xodn, héa ning hitu co hi€u khi,
trong d6 nhiéu lodi c6 vai trd quan trong trong viéc phan hly cdc chit hitu cd trong moi
trudng. Mot s6 lodi thudc nhém nay cé tinh huéng tir (magnetotaxis) do thdi tr
(magnetite) bén trong t& bao, mdt s6 c¢6 kha ning dn vi khuan khac (vi khuén in thit,
predatory bacteria).

2.9. Spirochetes

Spirochetes 14 nhém cdc vi khuin ciing c6 dang xoin nhung c6 co ché di dong rat
dic biet. G mdi ddu clia t€ bao c6 cdc sdi 16ng truc (axial fibril) ¢6 thanh phan héa hoc
gidng tién mao nhung bi quan quanh t&€ bao. Sy quay cla cdc 16ng truc khi€n t&€ bao bi
viin xodn nhu con rin gitp t&€ bao di dong.

2.10. Vi khudn truot

Vi khudn trugt (gliding bacteria) khong c6 tién mao nhung cé thé ty trugt trén
mot bé mit. Co ché chinh xdc clia ki€u di dong bing cich trugt nay chua dugc hiu rd
nhung c6 thé cé lién quan d€n nhitng ciu tric quay gin bé mit t€ bao hodc do sy tiét
clia chat hoat dong bé mit. Mot nhém vi khudn trugt duge goi 1a khudn nhay tao qua thé
(fruiting myxobacteria) c¢6 chu ky séng phic tap, cudi cing 1a sy hinh thinh qud thé
chita cdc bao tif nhay (myxospore) 12 trang thai nghi ctia t& bao (Hinh 5.13). Viéc hinh
thanh thé qui cin sy phdi hop cda nhiéu t& bao dugc két tu vdi nhau theo cd ché dap
ung huéng héa.

2.11. Vi khudn do gidp

Vi khuin 4o gidp (sheathed bacteria) 12 nhém gdm ba gidng vi khudn cé chu ky
song dic trung v6i sy hinh thanh cdc bao tif dong c6 tién mao bén trong mot 6ng hay bao
(40 gidp). Khi diéu kién moi trudng thuin 10i, cdc t€ bao nim bén trong bao. Khi bi
stress, t& bao rdi bao d€ tim moi trudng sdng thich hop hon.

2.12. Pseudomonas

Pseudomonas 12 mot giong quan trong gdm cdc vi khuan hinh que, Gram i4m c6
tién mao & mot dau, héa ning hitu co hi€u khi, khong 1én men. Nhém nay cé thé bién
dudng nhiéu loai hgp chat hitu co khiac nhau nhung khong c6 khad ning phin hiy
polymer.

2.13. Vi khudn cé dinh dam tu do
Vi khuin ¢d dinh dam tu do hi€u khi 12 nhém vi khudn c6 kha ning cd dinh N,

trong diéu kién hi€u khi; da s6 hién dién trong di't va c6 vai trd quan trong trong viéc
tao ra dam khit trong nhi€u hé sinh thdi khdc nhau.
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Hinh 5.13 Vong dvi cta vi khuin nhay
Mpyxococcus xanthus
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2.14. Vi khudn acetic acid

Vi khuén acetic acid 12 nhém vi khuén
c6 y nghia quan trong trong cong nghiép, la
nguyén nhian giy hu hdng cdc thic udng cé
con do Oxi héa ethanol thanh acetic acid
trong diéu kién hi€u khi; vi khudn nay ciing
dudc ding d€ sdn xud't gidm dn bing qui trinh
cong nghiép.

2.15. Vibrio

Vibrio 12 nhém vi khudn Gram am,
hién dién trong mo trudng nudc c6 dic di€m
giong vé6i vi khuan dudng rudt 1a ky khi tiy y,
c6 khad nang 1én men khi moi trudng tré nén
y&m khi. Chiing khic véi cdc vi khudn dudng
rudt la c6 oxidase, khac véi Pseudomonas la
c6 khd niang 1én men va ting trudng ky khi.
Mot s6 loai c¢6 khad ning phdt sdéng gdy nén
hién tugng phdt sing & mot s6 md § cd. Sy
phdt sang dugc xic tic bdi enzyme luciferase
trong mot phan dng lam tiéu t6n lyc khit khi
dién ti¥ dugc chuyén dén O,.

2.16. Vi khudn duong rujt

Vi khuin dudng rudt (enteric bacteria)
1a c4c vi khu&n Gram Am hi€u khi tiy y, hinh
que va oxidase 4m tinh; trong diéu kién
khong c6 6xi ¢6 kha ning 1én men dudng.

Nhém nay cé thé dugc phin thanh
nhitng nhém nhd hon dya vao kiéu sdn pham
lén men tao thanh, dic biét la lugng cdc loai
acid hitu ¢d va su hién dién cta butanediol
(Bdng 5.5). Nhiéu chiing thudc nhém nay la
tic nhan gy bénh § ngudi, dong vt va thuc
vat. Cac loai Samonella, Shigella va Yersinia
thudng gy bénh & ngudi va dong vat. Mot s&
loai Erwinia gy bénh & thuc vat.

2.17. Neisseria va cdu khudn Gram am
Neisseria va cau khudn (coccobacilli)
Gram 4m 12 mot nhém vi khudn da dang cé
dic diém chung vé vach t&€ bao, hinh thii,
khong c6 khéd niang di dong, bi€n dudng hi€u
khi, khong 1én men va giong nhau vé thanh
phin base trong DNA. Khéc biét chinh trong

L Al A Aata 4R a2 n s At dana
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Bdng 5.5 Céac phan wng chii y&u pah6n biét cic giong vi khuin dudong rudt

pr- IR R KRN Key diagnostic reactions used to separate the various genera of enteric bacteria®

: AR - Gas from B-Galao
Genus’ H,S(TSI) - Urease VPt Indole Motility glucose® tosidase
. TSI
Escherichia = = = + +or — + +
Enierobacter = ~ + = + + +
Shigella = = = +or - = - +ar-
Edwardsiella £ = = + + + -
Salmonella + - - e + 7+ Foppe
Klebsiella - + +or— - - &+ 3
Arizona + - - - + S &
Citrobacter +or - = - - + + +
Proteus + or — + et + or— + < Gt —
Providencia = = - + + = -
Yersinia - + - s +£ & "
Hafnia - -~ + - + + or -

_ Mucate Phenyl- Tartrate Alanine DNA
Genus KCN Citrate utilization methyl red utilization deaminase (mol % GO
Escherichia - - + + + - 48-50
Enterobacter + + + - - - 5240
Shigella - - - + & R 50
Edwardsiella = o - +or— A - 53-59
Salmonella ~ + or — +or — + +or — - 50-53
Kiebsiella + + + - +or - - 53-58
Arizona - + +or— + - - 50
Citrobacter +ior — + + + + - 50-52
Proteus + +or— - + + + 3541
Providencia + + - + + + 394
Yersinia = = = + - - 4‘;:453
Hafnia + + - + - - __:1_________

a See Tabie 21.3 for the procedures for these diagnostic reactions.
b See Figure 13.25 for a photo of this reaction.
¢ Motile when grown at room temperature; nonmotile at 37°C.

2.18. Rickettsia

Rickettsia 1a cdc ky sinh ndi bao bit budc, khong thé song ngoai t& bao dong vat.
Ching c6 hinh dang t€ bao vi khudn binh thudng nhung kha ning bi€n dudng ri't han
ch€&; c6 thé thu ning lugng bing phosphoryl héa 6xi héa va sinh tdng hgp mot s&
monomer 13 thanh phin clia cdc dai phan tir. CAu tao mang d& ro rf hon binh thudng va
c6 thé thu nhin mot sd coenzyme tlf vat chid. Rickettsia dugc lan truyén thdng qua cic
dong vat chan khép.

2.19. Chlamydia

Chlamydia cfing 12 ky sinh ndi bao gy bénh thudng dudc truyén qua khong khi,
c6 it chifc ning bi€n dudng hon Rickettsia, khong thé tu tdng hgp ATP ma cin dudgc
cung cip béi t&€ bao cha.

2.20. Cdu khudn Gram duong

Cau khuin Gram dudng 12 nhém c6 nhiu thanh vién véi cdc dic tinh sinh 1y da
dang. Cdc giong thudc nhém nay dudc phan biét dua vao sy sip x&p t€ bao va kha niing
ting trudng bing 1én men. Chiing chiu han kh4 t5t nén c6 thé song sét trong khong khi
va trén bé mit cla da.

125

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thudc

2.21. Vi khudn lactic acid

Vi khudn lactic acid 12 nhém cdc vi khudn ma qud trinh 1én men dudng chi tao
lactic acid hodc acid nay 12 san phadm chii y&€u clia qud trinh 1én men. Chiing bi han ché&
vé kha ning sinh tdng hdp amino acid va kha ning tao tién chat clia cdc dai phan tt,
khong khd ning tao ATP bing phosphoryl héa 6xi héa. Do vay ngay trong diéu kién c6
Oxi, cdc vi khudn nay ciing bién dudng bing phudng thitc 1én men. Nhém thanh dudgc
chia thanh hai nhém nhd hon dwa vio con dudng Ién men dudng: vi khuin sinh 1én men
lactic acid déng hinh (homofermentative) chi tao ra lactic acid va vi khudn Ién men
lactic acid di hinh (heterofermentative) c¢6 thé tao ra ethanol va CO, bén canh lactic acid
(Hinh 5.14). Nhiéu loai vi khuidn lactic acid c6 vai trd quan trong trong san xudt thuc
phidm 1én men, dic biét 13 cdc sdn phin tir sita.

Homofermentative Heterofermentative
AT e
ADP ADP
Glucose 6-phosphats
J }:"‘“’ e %
\
il ————— -~
ATP, \ l
& 6-phosphogluconic acid |
ADP NAD* <~ — — — — — ORns .
Fructose 1,6-bisphosphate 332 sy et T R :
| 8, |
I ks |
| |
s s g
S | )
Xylulose 5-phosphate I Iy
T B, | g !
\ |
widehyde ,  Dihydroxyacstone Glyceraldehyde g
sphate phosphate 3-phosphate | Iy |
2 g
(NAU’ TR NAD* =3, NAD* _—/J : I
: ~ ~ | }
ssphospho- | | 1,3-Bisphospho- | |
| deetic acid I 1 glyceric acid | 1
|- aoP I ADP .
K : gl I
ATP | 1 ATP 11
Il |1
l I | Ll
| I | I
|1 I
ADP ] ADP 1
ATP 1 I 1
hnwa!e 1 I 1
o 2 1 [ Netgain=1ATP
/ = ] | (1lactate + 1 ethanol + 1 CO;\ per
Wf — ~ [|\Netgain=2ATP .. .. NADF — < - glucose molecule fermented .
2 lactate per glucose ~ Mimrproducts (acetate, formate, -
* molecule fermented Lactate glycerol) from alternate pathways

13 54 The fermentation of glucose in homofermentative and heterofermentative lactic acid bacteria. Note that no
made in reactions leading to ethanol formation.
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Hinh 5.14 Sy khéc biét trong 1én men duong & vi khuén lactic acid 1én men dong hinh va 1én men di hinh

thap, Gram dudng, c6 dac tinh riéng vé hinh thdi, m6i quan hé véi 6xi va vé bi€n dudng
ning luong. Hinh dang va vi trf clia bao tif trong t& bao 1a dic diém phan loai quan trong
trong cing mot giong.

Céc thanh vién cia nhém nay rat khdc nhau vé di truyén nhung lai c6 quan hé
mat thi€t vé€ sinh thdi. TAt cd cdc loai déu hién dién trong dit va ndi bao ti¥ 1a cd ché&
gitp t€ bao song sét trong diéu kién hay thay ddi clia moi trudng dat. Cac loai Bacillus
thudng ti€t ra hydrolase ngoai bao d€ phan hily cdc dai phan ti. Cdc khdng sinh c6 thé
dudc téng hop trong qua trinh hinh thanh bao ti. Clostridium 13 céc loai ky khi bit budc,
chi ¢6 kha ning tdng hop ATP theo cd ché& phosphoryl héa cd chat.

2.23. Mycoplasma

Mycoplasma 13 cdc vi khudn khong c6 vach t€ bao, thinh phan GC thdp, hinh
dang thay d6i, c6 bo gen rat nhd. Nhiéu lodi cin sterols d€ ting cudng sy bén virng cia
mang. Nhiéu loai gdy bénh & ngudi va dong vat.

2.24. Corynebacterium

PAiy la nhém céc vi khudin Gram duong, hi€u khi, khong di dong, hinh que. Cic
t&€ bao sip x&p thanh nhiéu hinh ding da dang khi vi khuin ting trudng. Nhém nay cé
thanh phin loai rit da dang, mot s gy bénh trén thuc, dong vat.

2.25. Mycobacterium

Pay l1a nhém vi khuin c6 thanh phin GC cao, Gram duong, hinh que nhung thay
ddi. Trong chu trinh sdng, c¢6 giai doan vi khuin téng hdp mycolic acid trén bé mit t&
bao, im mau dic biét (nhudm Ziehl-Neelsen, hay Acid-Fastness). Nhu cau dinh dudng
don gidn, c6 thé ting trudngtrong mdi trudngchi chita glycerol (hoic acetate) va
ammonium. M. tuberculosis giy bénh lao § ngudi.

2.26. Actinomycetes

Paiy 12 nhém da dang cdc vi khuAn Gram dudng, thanh phan GC cao, c¢6 ciu tic
khu&n ty, phdn nhanh. Mic di dudng kinh khudn ty nhd tuong tng véi kich thude vi
khudn, nhung hé sdi clia xa khudn kha giong hé sgi nAm mdc. Xa khuédn tao bao ti¥ va
cach thic tao bao t¥ 13 mdt trong nhitng dic di€ém dung trong phan loai. Nhém nay cé
hai gidng 1a Streptomyces va Actinomyces. Streptomyces 12 gidng thudng tao khdng sinh
trong d6 c6 nhitng khdng sinh dugc Gng dung rong rdi trong diéu tri bénh nhu
tetracycline, neomycin... (Bdng 5.6).

3. Vi khuéin cd (Archaea)
Gi6i Archeae gdm hai nhdnh ti€n héa chinh 1a Euryarchaeaota va Crenarchaeota.

Mot nhém thif ba hién chua c6 nhiéu dai dién tich ra rt s6m trén cAy phdt sinh ching
loai la Korarchaeota (Hinh 5.15).
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Bdng 5.6 Mot so khang sinh thong dung tdng hgp béi cac loai Streptomyces

____________________ : I Bl
LLUIR R KA Some common antibiotics synthesized by species of Streptomyces
Chemical class Common name Produced by Active against*
—e—"
Aminoglycosides Streptomycin S. griseus Most gram-negative Bacteria :
Spectinomycin Streptomyces spp. M. tuberculosis, penicillinase-producing N. Sﬂ"m
Neomycin S. fradiae Broad spectrum, usually used in topical appic®™
’ because of toxicity -
Tetracyclines Tetracycline S. aureofaciens Broad spectrum, gram-positive and g,am.negaﬂ‘”
. Bacteria, rickettsias and chlamydias, Mycopis™
Chlortetracycline S. aureofaciens As for tetracycline ;
Macrolides Erythromycin S. erythreus Most gram-positive Bacteria, frequently used 7P
of penicillin, Legionella .
Clindamycin . lincolnensis Effective against obligate anaerobes, especia
: Bacteroides fragilis
Polyenes Nystatin 5. noursei Fungi, especially Candida infections
Amphocetin B S. nodosus Fungi o
None Chloramphenicol S. venezuelae Broad spectrum; drug of choice for t_)'p/h"ifﬂ/'

a Most antibiotics are effective against several different Bacteria. The entries in this column refer to the common clinical application of a given antibict
structures and mode of action of many of these antibiotics are discussed in Sections 18.7-18.9,

S = e o e BT S
Marine Euryarchaeata

i i g,

Pr———— -.n:-r-nﬂ
Halobacterium | | Eyryarchaeota

t Natronococcus
e Rt dotyy. |

Sulfolobus
Crenarchaeota
Pyrodictium
Thermoproteus
Desulfurococcus
= Korarchaeota
IGURE 14 ; s
w13 1 Detailed phylogenetic tree of the Archaea based on 165 ribosomal RNA sequence comparisons. See note in Fig-

or comparisons of detailed tree with the universal tree. The marine Euryarchaeota and marine Crenarchaeota are thus

“mown only from community sampling (&% Section 12.6).

Hinh 5.15 Cay phat sinh ching loai ciia Archaea dya theo trinh ty SSU rRNA
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Khic vé6i vi khudn, lipid cia mang t€ bao Archaea chifa lién két ether giita acid
béo va glycerol, trong d6 hai loai lipid chinh 1a glycerol diether va diglycerol tetraether.
Archaea con chita mot lugng 16n acid béo khong phan cyc. Vé sy sip xép t6 chifc mang
thi khong c6 su khdc biét giita Archaea v6i vi khudn va nhan that. Archaea c6 thé thay
ddi bé day clia mang bing co ch& bd sung hoic bd bdt cic vong pentacyclic trong ciu
tric mang.

Vich t€ bao Archaea khong c6 muramic acid va D-amino acid 1a cdc don phan
cidu tric thanh peptidoglycan. Mot s& loai trong vdch c6 pseudopeptidoglycan,
polysaccharide, glycoprotein hodc protein.

Archaea c6 phuong thitc bi€n dudng da dang, tw dudng hoic di dudng carbon; néi
chung tuong ty nhu vi khuin. Riéng trong gi6i ndy, c6 thém phuong thiic bi€n dudng din
dén su tao thanh methane.

C6 sdu giébng Archaea wa miin cuc doan (extreme halophile) hién dién trong cic
mdi trudng c¢6 ndng dd mudi cao, khong ting trudng dudc khi ndng d6 mudi thap hon
1,5M, ting trudng dudc & ndng dd mudi gin bdo hoa. C6 hai gidng vira wa min vira ua
kiém (alkalinophile), ting trudng t6i wu & pH trén 9, 1a cdc loai di dudng carbon, can
ndng dd ion Na* cao d€ giit vach t€ bao bing glycoprotein dudc 6n dinh. Archaea tich tu
ion K* bén trong t& bao d€ can bing véi ndng d6 mudi cao bén ngoai.

Mot s6 loai Halobacterium c6 kha ning st dung 4nh sdng 1am ngudn ning lugng
nhung khong st dung sic td chlorophyll nhu trong quang tong hdp binh thudng ma diing
mot protein mang goi 13 bacteriorhodopsin. Anh sdng dugc hdp thu bdi rentinal gin
trong bacteriorhodopsin va dugc ding d€ bom proton xuyén qua mang, hinh thanh nén
dong luc proton d€ tong hdp ATP nhd enzyme ATPase gin vio mang (Hinh 5.16).

-

mem®

FIGURE144 Model of the light-mediated bacteriorhodopsin proton pump in the purple membrane of Halobacterit™ Th’eP
stands for the protein (bacteriorhodopsin) to which the chromophore retinal is attached. “Out” and “In” designate oppos¥
sides of the cytoplasmic memhrana

Hinh 5.16 M hinh bom proton bacteriorhodopsin thu

niing lugng ti 4nh sang & Halobacterium
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Nhém sinh methane gdm céc loai ky khi bit budc c6 kha ning chuyén héa CO,,
hdp chit methyl hoidc acetate thinh methane (Bdng 5.7). Su tao thanh methane c6 thé
dugc xem nhu 12 mot phuong thiic hd hidp ky khi. Nhém Archaea ndy c6 mot bd cic
coenzyme cin dé khit cdc hop chi't chita mdt carbon thanh methane; vi du coenzyme M
tham gia vao budc cudi cling trong sy tao thanh methane. Trong sy tao thinh methane tir
CO,, Archaea st dung con dudng acetyl CoA (khong st dung chu trinh Calvin). Mic du
khong da dang vé sinh 1y, nhdm methanogen ciing dugc chia thanh siu nhém nhd dya
vao su khiac nhau vé hinh théi.

Archaea siéu ua nhiét (hyperthermophylic) 1a nhém c6 cac dai di€n chiu dugc
nhiét manh nha't trong prokaryote. Chiing can luvu huynh khit € bi€n dudng, trong da s&
trudng hop, luu huynh khit duge ding 1am chat nhan dién ti trong hd hap ky khi (Bdng
5.8). Céc loai Sulfolobus c6 kha niing tu dudng dung Ivu huynh 1am ngudn ning lugng.

Bdng 5.7 Cic cd chat dugc bién ddi thanh methane béi Archaea

L:LRV Substrates converted to methane by
various methanogenic Archaea

L cu:'l‘)’pe substrates
Carbon dioxide, CO, (with electrons derived from H,,
certain alcohols, or pyruvate)
Formate, HCOO-
Carbon monoxide, CO h
L Methyl substrates
Methanol, CH,OH
M_E'fh}-'lamine, CH,NH;"
methylamine, (CH,),NH,*
Trimethylarmine, (CH,),NH*
M.ﬂl'l}rlmercaptan. CH,SH
thylsulfide, {(CH5),S

elotrophic substrate
Ace

\\‘-t::efHacm_

Bdng 5.8 Cac phan @ng thu ning lugng ¢ Archaea siéu chiu nhiét

L1 3R XM Energy-yielding reactions of hyperthermophilic Archaea

Nutritional class Energy-yielding reaction Example R
Chemoorganotrophic Organic compound + 5° — H,S + CQ, Thermoproteus, Thermococcus, Dcsu{fu_rm
) Thermofilum, Pyrococcus '
Organic compound + SO, = H,$ + CO, Archaeoglobus
Organic compound + O, — H,0 + CO, . Sulfolobus
_ Organic compound — CO, + H; + fatty acids Staphylothermus, Pyrodictium
" " Pyruvsante—rcoz+ H, + acetate Pyrococcus :
emolithotrophic H,+5">HS Aridianus, Pyrodictium, Thermoproteus, i
& _ 2 s , Stygiolo
H; + NO;™ = NO;~ + H;0 (NO, " reduced to N, Pyrobaculum, Aquifex’ iR
by some species)

4H,+ NO;” + H* -+ NH," + 2H,0 + OH"

H; + 2 Fe** - 2Fe?* + 2 H*

2H2+02—)2H20

25°+ 30, + 2H,0 -2 H,80,

2Fe5, + 70, + 2 H;0 — 2 FeSO, + 2 H,80,

2FeCO; + NO;™ + 6 HyO — 2 Fe(OH);
+NO,” + 2HCO,™ + 2H + H,0

"4H, + 50/ +2H* -4 H,0 + H,S

4H; + CO,—»CH, + 2H,0

Pyrolobus

Pyrobaculum, Pyrodictium, Archacoglobus
Acidianus, Sulfolobus, Pyrobaculum, Aquifex*
Sulfolobus, Acidianus -

Sulfolobus, Acidianus, Metallosphaera
Ferroglobus '

 Archaeogiobus

A otk

opyrus, Meth occus, Methanothermus

a Member of the Bacteria.
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Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

Thermoplasma 13 archaea khong c6 vdch t€ bao giéng nhu trudng hgp
mycoplasma, nhung 12 dang héa dudng hitu cd hi€u khi, wa acid va ua nhiét, thudng hién
dién trong nhitng dong thdi than dd ty phéat nhiét. Mang t€ bao cia Thermoplasma dic
trung G su hién dién cda lipopolysaccharide chda tetraether lipid véi cdc dudng
mannose, glucose.

4. Vi sinh vat nhan that (Eukarya)

T4o chita diép luc t& chlorophyll, thuc hién dugc su quang tdng hdp sinh 6xi diing
nudc 1am chit cho dién tr. Nhém nay dudc chia thanh cdc nhém nhd hon tiy theo loai
sic td phu chifa trong t&€ bao, thanh phin héa hoc clia cha't Ivu trif carbon, vdch t& bao va
tinh di dong. V& mau sic, tdo c6 thé mau xanh do chi chira chlorophyll hay ¢6 mau nau
hoiic db do c6 chita thém céc sic td carotenoid che bt mau xanh. Diép luc t6 dudc chita
trong bao quan goi 1a diép lap thé (chloroplast). Tdo c6 thé & dang don bio hoic sy két
tu ctia nhiéu t&€ bao, hién dién chli yé&u trong cidc hé sinh thii nudc va trén bé mit dat.
Can nhd, vi khuidn lam (cyanobacteria) thudc vi khuan, khong phai 12 tdo.

Nam sgi gbm cdc thanh vién c¢6 phuong thic bi€n dudng héa ning hitu co, khong
chita diép luc t&, c6 nhu ciu dinh dudng don gidn hon so vé6i vi khudn. C6 thé phan biét
nim sdi véi cac prokaryote do kich thuéc t& bao 16n hon nhiéu, c6 nhan, khong bao va ti
thé. Ngoai ra, nAm sdi khdc nhiéu so v6i vi khudn va archaea vé tinh da dang vé hinh
thdi va chu ky sinh sdn hitu tinh. Ba nhém nim sdi ¢6 ¥ nghia quan trong 12 nAm mdc
(mold), nAm men (yeast) va nim 16n (mushroom). NAm sdi c6 vai trd dic biét quan
trong trong su phan hiity gd va cdc sdn pham cia gd.

N4am mdc 12 nhém ndm sgi ¢6 phan bd ri't rong trong ty nhién. V& hinh thdi, nAm
mdc c6 nhitng dic di€m tuong ty nhu trudng hop xa khudn: c6 khuidn ty bé mit (surface
mycelium), khu&n ty khi sinh (aerial hyphae) c6 chita cic bao ti vo tinh.

N4am men 13 dang nAm don bao thudng c¢é hinh cau, biu duc hoic hinh try, thich
mdi trudng c6 nhiéu dudng nhu bé mit thuc vat. Mot s6 thanh vién clia nAm men 1a tc
nhan giy bénh. NAm men c6 thé sinh sdn vo tinh bing cidch niy chdi va sinh sin hitu
tinh biing c4ch tao bao tir. NAm 16n (Basidiomycetes) 12 nhém nim sgi c6 khd niing tao
thanh nhitng qua thé 16n phia trén moi trudng mic dit phan I16n sinh khdi chi y&u & dang
khu&n ty nim bén trong méi trudng.

M&c nhay la nhém vi sinh vat nhan that khong c6 kha ning quang dudng, sdng
trén vat cha't thyc vat dang phan hiy biing cdch dn vi sinh vat hién dién trén bé mit theo
co ch&. Méc nhay dudc chia thinh hai nhém nhd 1a: (1) m&c nhay c6 t&€ bao (cellular
slime mold), vi du nhu Dictyostelium c6 chu trinh sdng trong d6 t€ bao ton tai ddc 1ap
nhu mot t€ bao amip; (2) moc nhay khong t€ bio (acellular slime mold) c6 thé dinh
dudng 13 khoi t&€ bao chd't tran goi 13 plasmodium.

DPong vat nguyén sinh 12 cdc vi sinh vat don bao khong c6 vich, thu 14y chit dinh
dudng biang cdch dn vi sinh vat khdc hodic dn cdc dai phan tif trong dung dich theo cd ch&
4m bao (pinocytosis). Ching khong c6 sic td va c6 kha ning di dong. Nguyén sinh dong
vat dugc chia thanh 4 nhém chinh khdc nhau bdi co ché di dong va bdi cdc dic trung
cla vong ddi. Nhém Mastigophora di dong bing flagella; Sarcodina di ddng bing chan
gi&; Ciliophora di dong bing cilia va Sporozoa khong kha ning di dong. Mdi nhém déu
¢ cac thanh vién la tdc nhan gy bénh quan trong trén ngudi.
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