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functional p.opedies of the hcte.ial cell. This area or r€sea.ch studied by
biolosists is sometimes relened to €s biochenicat rvrolos!.

hctgria ale very small, most being app.oximately 0.5 to 1.0 pm in djamelei
An impoltant consequence of the small siz of mic.oo.ganisms is rhal the
snrn.,c arpn\t,lomr raln' of bacteda is exceedinsly high cohpared io the same
mtio for iaryer o|8anisms ofsimild shape lTable 5-1J. A relstively ldee surface
throush which nutdenls €an ent6r (or waste pDducts leavel compared io a smsll
voiume of cell subsiance to be nourirhed accounis lor the unusually hieh rate
of gowth and metabolism of bacte.is. Moreover, becaose of rhe hish sudace
a.ea voiume ratio, the mass ol cell substance to be nourish€d is very clo6e to
the surface: theEfore. no circulatorv m6chanism is needed ro disribute rhe
nulrients thal are taken in, and there b thousht to be liitle o! no cytoplasmic
movement withtu a bactorial cell. D*pite lhese advantaSes, a hish su.face arca/
volume .6tio limits the size of bacteria to microscolic dimensions.

The shape of a bacteium is govemed by its risid cell wal| howeve!, exacrly
what atlribute oI thk rigid mate.ial dete.mines that a cell will have a pa.ticular
shape is ro( yet undeNtood. Typical ba€terial cells are spherical (jo,:ci:sinsular,
cocc!s);Et.6ight lod, (b'cilli: singular.bacillus); or rods that are helicallv curved
(spirilr.: B:trEular, spiiltum ) as illusuated in FiE. 5-1. AlthouSh most b.cte.jal
species have cells thal a.e of a fairly constant and cha.acterisri€ shape, some
h8ve cell6 that a.e pleomord,'.. i.e., ihat can exh'bit a variety of shapes (Fis.
s.21.

Shape and

TsbL s-1. Compdison ol
lhe Surfaco AFa,/Voluhe
Rslio of Sp\6ric.l Orsa-
lius of DitroleDt Sizesi

surtrrr  rn,r .  pmr
Djrm'ror ol srhPr. lm, t.trrtl

\hr!nE. lmi \jnrmi - rm

(4 '31 l3rr)

3.r 0.52
5.2 x 10.

'  For a si{en volnee. the eeomelrjcal shaps ln has lhe sh.lt.st suda@ o@&olufte ratio k
. sph.pi j.e,, iI two oaanidns bav€ lne sne volume. one beinc sphsrj.rl dnd rhe orher
.ylindrical, th. cylindd.dl or.nisn has the sr.ale..urtace aEs/volum. Brio.

fiFra 5.1. Bact6ria d6 gs!"
d.lly sithe! (A) spbodcd
tcocci); tB) rodliko (ro& o.
bacilli)r o. (c) heli@l (spi-
liUal. How€voa th€re @
noy modifi@lioDs of thss.
ttu6o basic fo.ms. (EMin F.
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FtSule 5-3. Char&reristic d.ranaeme.ts oI cocci, with scheoatic il

lustratiols ol partems ol nuliipli.ation (A) Diplococcir cells divide

in one plse and lenain attached predoninantly in pairs. (B) Slrcp.

tococci: cells divide i! one plane and lemain attached to Iorft

chains. (Cl Tebacocci: cells divide in two planes and chara.teristi-

cally iorn sroups of folr cells. [D) Sraphylococci: cells divide in

thlee llanes, in an irreSular pattem, producins bunchet ol cocci.
(E) Sa.cinaer cells divide in three planes. in 6 regDle palten, pro.

ducins a cuboidai auan8emenl oic€lls.

FiSue s.2, D8wirg oi pleonolpbic
:ells of the senus Anhrobacte.. fEMin

\n
-/

i lguft 54, Photonicrc$aph
:: ihe trichones ol Soprc-
!:iid gmndis, conposed ol
iin idual cylindrical cells
':a: de 1 to 5 Fm long and
:..ielt atlach€d to one an-
:i* (X1,6s01. (Courlesy ot

Bacterial cclls aE usually aranged in a nanncr chataclerislic of then pdrtic-
!]ar specjes. Although it is mre thal all the ceils oI a s.e.ies ar," drdng.d in
the same manner, it is the predominant a.langemcni thal is the importanl

Cocciappear in seleral characteristic atangemenls, depending on lhe ptanc
oI cellular divcion and Nh€ther ihe daushler celh slal togelher follo\!jns
division {Fig. s-3). Bacilli are not arrdnged in palt€rns as conplex !s those ol
cocci ,  and most occlr  s ingl !  o. in pairs l r i i t i l , | r ,  lL .But sohe sp€cies.  sucl
as Boci lJus subt j i is ,  lorn chains ls1n,t)r i l , r r  i lL,  rothers,  such as l lecsiotui  and
sop.ospird spccies. forn rri.hor'.i.\vhi.b ar€ sinilar lo clajns btrt h{vc a
nuch larser area ol contacl belween the adjacenl c€lh ttis. 5-.1). l. olher bacillus
spe.ies. such as coryneboclcriuD djphiie.ioe, the cells are lined side bv sjde
l ikemalchsl icks Lt , t l , \n( i r  rL ' rn!r ! r r lFndalangleslooneanotherIFi8.5-5).
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Fisur€ 5-s, Drailnre oJ the
.ells oi co4nebdcte.'un
d'phl,hef 

'oe 
showins pali-

sade adangemenk. lEMin

figurt s-6, Pholonicro8raph oi St.eplony.es rirido.hdmo,
genes. This bacterium produc6 coil€d chains of spores (cdlled
conidia)!hi.h develop al the ends of vegetali!. fflsdenrs
called hyphae. {Cou esl o/ Mo.r P.l,echerdlier.l

F8trre s.7. Drawirs ol.elh
ot the genus l'tbdo, show.
rnE the chara.lerhtic cu^'ed
shape ard lhe polar ftagella.
The Basella arc not visible
by ordinary slainidg proc€
dures fEein F lessel, ii
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Fi8rre S.S Drawings oi spi.
lochetes iA dd Bl and spi
nlb (cl. Spircchetes de .
Iexible ed can twist and
conto.t their shape, wne'4s
spi.illa 4e relatilolY !i8id

{EDin L t€ssel jlluslrotor.l

FiBuE s.9, Drawing oI lhe
najo. shuclues 6xto.!al to
rh€ bact€rial cell wall Cer
tain stsctures, e.8,, caP_
sules, flas6lla, and Pili de
nol conmon to 'aLl bacterbl
cells. (EMin r' Le$€|, illu$

' r r !  i rorpno,!s\ ; ' .  i iL. ! i !-ddr! !r  !{ddrt

ll-rg 5-101, Some \irurruleq dre Pr?vnl in onlv 'ertatn 'pe4s: 
comeare more

fr ," ' , ""* i r ' i "  t  cer ld in spa.eB tnan ol  othas snd qr i r l  othFr rr ' lu lsr  par ls

. ' r . t rasthe," l lqal l  ueralural ,vIommonrodlrosral  bd'rer ' '  i 'h ' lo l lowing
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tn" readilv evident shuciDres ol bacteria
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risft 5-lO Drawing of Lhe maior

s;ctures which occu! within lhe

bactelial csll wall. Certain sloc_

commo; to all bacL€risl c€lb fEF

win F. lessel, iliustrotor'l
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SIRU-CTURIS LXf[RijAL BaLtedal nd8.tta {sinSulai fla8e[umj sre hatrlit€. helicatappendases thar prc-
TO THt Ctl,L l-lAl.t I'u de throu8h the ( eil wa | | and are respongbte tor s wiDmi n8 morility. ThHy d rc

mDch lhrnner than rhs flagella or crlia or eucsryotFs. beingb.ol to 0.02 !m in
Fldgella aDd yolility diameler, dd 

'hev 
6re also much simpler ir sljucture. T_heir tocation on the

cel varies depending on the bacte.ial species and nay be Dotar (at oqe or both
ends of the bacierium) or hbfal lalon8 the edes of rh;L;ieriumt. Some
ananSenents of bacterial flagelts ee shown jn pis 5-11. A naqellum is com-
posed of three parrs (Fi8. 5_12): a lusal bodv aslo;iated wjth !f,e cytollasDic
rmhbree and cell wall. a short hook, abJ a'h6licat filanetrr whici is nsud,,y
several rimes as lons as rhe celt. sore cram_n€8ari;;G"ii,ii" r,a"" 

" "r,"a 
,

sunoundins rhe flasellu& this shearh is conrinuous with th6 outer hemb.ane
of the cran-nesarive cell wall. The chemicel compos ion of rh6 basd ;oqy E
unknown, but rhe hook and fftament m composed ot protein subun s {mDro-
n€rsl dran8ed in a ielical fashion. The pdein of ihe filam€nt is known as
flac. in.

Unlile a hair, a llageilum srows at its rip rarhe. rhan at rhe base. FiaSeliin
monomers synthesized wiihin the celt are betieved ro pass alonq rhe h;Iow
cenrer ot thF flase um and de added ro ine disrdl end oi the ffldmnr

Fitw !.11. DEwing3 ol
v&tou megielt! of
bactsrial Aa86Ua. (A) Mono,
ticbo$; a silglo pold !6-
gelluD. (Bl Lophotricho{r;
6 clust€! ol lold O.g6Ua,
(C) Anphibichos; It s6na,
eithe! 3ingl. o! clustss, at
both c6U poles. (D) Perud-
chouer s'mund€d by lardsl
nas6Ua. {EMin F. !a$el, jl,

.^_ x\
1i;

] 
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F tw 5.12, The m€chsnism
:i ailachment of flas€lla to a
:b-negative bacl€lial ceil
:i€!domonos oe.ucinosdl.
: Prior lo electron,nicro-

i.!e ex6m'narion, the cells
'de.e pa.tially lysed and
::en negatively stained to

-ie 
the pojnl of flaselld

i::achn€nt (bual bodyj
:tF visible (X80,000 ap-
i ). (B) lsolated flarella
:::\fing basal.body at one
i:d. lC) Model of basal
r:dt iliushating its struc-
:r:e and attachhenr to a
::d-negalive b6cte.ium.
::e flasells ot c.am posi,
::e bacl€ria have only two
:d dngs. (Coudesy ol T.
:i:e. University ot Tokyo.)

Th. Molpf,ol.3y .d I|!. Srtu run or B..t.rt.

tarse motile bodies such as boats and fish make use of rhe ineriia ot water to!
their propulsion. when pushed a8ainst with, lor exanple, an oar, a propeller
blsde, or ins, the water lemporarily acts as a solid, thereby enablinE rhe boal
o. fish io Benerate a forward propukiveforce. However,the small sizeofbacle.ja
p.ohibils their use of the inertia of water lo Said propulsive force, because the
drag forces drte to lheliscosilt, olwater become thousands ol rimes Ereater than
anr tor .es lhdr can be CpnF,aled hom rne ia.  Ihe di i f iculrv {oulJ bp simi ldr
lo whal we would en.ounier if we atempred to row a boat on a tske fflled wilh
lhick molasses. However. bactelia can swim manv lihes their own lelpth Def
s"cond undp, analoSous condrt ion\ :

Bacteria propel themselves by rotalins thei! heiical flasella. The p.inciple
involved .an be illusbatod by jmasioins the penehatio! ot a prece of cork by a
corksc.ew It one tries to ram ihe corksoew directly through the cor&, Breat
Iorce will probably be needed. On the other hand if one merely lotates lhe
cor!6cre!v, the cork can be easjly penet.ated. In lhe case of bacie.ia, the co.k is
analosous lo the viscous medium and the corkscrew to the heljcal fldsellum. 1l
is apparent lrom lhis analo8y that a muiant bacte.ium havins slraishr rather
than helical flagella would be unable to swim. The nature oi rhe rotarv motor
rhdl  5pin,  edcn LorkslFw+haped f ldeel lum is.r i l l  Dor unJersrood bur rhe rnss
found in lhe basal body (Fig. 5,12) are probably involved. rt is known ihai rhe
flasellsr moto. is d.iven by the proloninotive force, i.e., the torce de.ived fron
lhe elecl.ical polentiai and the hvdlo8en-ion sladient across lhe cvtoplasmjc
memb.ane {see Chap. 10). Moreover, recent studies sussest thal lhe concelts-
tion oi CCMP (guanosine 3',s'-cyclic phospho.ic acidl w hin the cell govems
the di.ection in which the .otation occu.s.

Bacteria having polar flasella swim in a back-andJo.lh tashion: thev rcveree
thei. djreclion ol swimmin€ by reversing lhe direction of nasetlar roiation.
Bacteria haviDs lateral flagella swim jn a more complicated manner. Their
flagellaopemte in synchrony to lorin a bundle thar ertends behind rhe.eil t!.is.
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Fi8w 5.13, Dbgrm ofthe conffguration and aF
rangehenl oi pe.itrjchous flagells du.ine swimming
and tumblins. The snalt uows indi.aie the direc,
tjon of propa8ation oI heljcal waves along the fla-
seu6. (AJ Duing swinnirs the flaSella are in the
forn of left-handed helices and Dtate countercioci-
wis, in synchhD) ,o lo m a bundle. The srse driow
indicalo6 lhe directjon of swinnins. (B) Durins
tumbliD€ the flagella revese then rctstio!, po.tjons
oi the flag€lle acqune a short wavelenSih and ri8hr
handed configuration, and the bundle flies apait.
The cell carnot swim unde! th€se cond ions and
instead exhibits a chaotic motion, as symbolized by
the luse c.ossed d.ows. [Cou.tesy ofn. M. MdcNob
ond M, K Ohston,.l Mol Biol7t2.1,19?7,)

Swimming Motjlity
Without flagella

Gliding Iiotilily

5-13). Honever. $hen the fla8ellar nolom reverse. conJormal ioDal .hanaes occur
dionS the l ldgel ld. 'hF bundl"  n i" . .pdrr .  "nd thp . . .1 tumb,Fs $i tdt i  Fi Idt ty.
lhe flagellar motom.esume their nomal direcrion. the flascllar bundle aeain
lorFr.  ano,h",pl  bFsin" lo,uim bur roq i1 d d.  er ;nr  a, . r ion.  i t , ,
sequence oi evenls occurs .epealedlr, so that lhe morility becomes a serjes of
periods ol swimming (rurs) punctuatcd bv pe.iods of tumblin8 (twiddles), with
a chanse ln direction afle! each tunble.

Ce.tain helical bacteria {spi.ochetes) ex}ibit swimmins motility, parricula.ly in
highly viscous media, yet they lack external flagella. However, they have fla-
gellalike structures located within the cell, just benearh the oute. cell envetope
(see Fis.13'1). These are calledlefirtasn,i. tas.|a; they have also been re.ned
axialnbrils orcndonas€lla. They are resporsiblefo. the motilityof spirccheres,
but how lhey a.complish this is not yei clear. Other helical bacreia called
sp,r.ptasmas are able to swih in viscous media, yei iack any apparent orSan-
elles lor notility, even periplasnic flagella. The mechanism for rheirlmotility is
completely unknown.

Somebacteria, e.9., Cr'tophoso species, are motile only when they are itr contaci
wilh a solid surface. As they glide they exhibil a sinuous, flexing norion_ Thjs
kind of novenent is com!'aratively slow, only a few pm per second. The
mechantsm ol glidirs motility is unlnown; no or8anelles responsible tor no-
tilitv have been observed.

Many, perhaps host, motile ba.teda are capable of di.e.ied swimminq toward
or dway from var ious.hFmjcal  compoundH phenomenon catted barrer ia l
chen,oiaxis. Swimingioward a chemical is termedposirive chemotdisi swim-
mins away is oqarive chemorais. Allhough chemicals may act as attractanls
or Epellenls, the stimulus is in fact not the chemi€al sell but rather a chanse
in ,he ,  oncenl idr ioh ol  lhe Lhpm! al  wr$ r ime, i . " . ,  a r"dooral  6adienr.  Suan
srddrpnls drF sFnled by mFans of prcrein. h"morcLeploh which-de toLatpd on
lhe cyloplasmic membrane and are speciffc lor va.ious att.actants and.eDellents.

By mFdns oi ils chpmo@cFprors. a bar(erium conribuallv co^p*i its i.-
mediate environmeni with ihe enllronment it had experienced a few momenrs

BacterialChemoraxis
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Fisre 5-14, Negalivelt
r::red cell of AqudsPnif
i- ndgneloloc!icum show
-. , .article chain t?C) oI

: :: ir: electron-dense mas
r:::! lnclusions (nagneto_
:::i!l rLithin the ceu The
:!: :.presents 1 pm {cour

'. -.i D. L. Eolkwill, D
: : : :3oondR P Bloke_
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Pili (Firnbriae)

Caprules

\r r( noo|rGrrrsYt- BAfT[Ru

piti {srn8ulu, Dituli are hollob, nonhelic€t. filuFntous sppebdaSes rhat ar€
rnrmer, short6r, .bd thao flag€lls tFi8. 5-1s). Thsy do not
tuoclion in motililv. since they de foDnd on oonmorile as we as motile spocies.
There are, howeve., several funcrions associated wlth difier€nl rypes ;f piij.
One type, known as lhe F piius {or s6x pilus), serves aE the po.t of onr.t of
Senetcrateiral during bdltFrial matinS (see Chap. l2l. Some pili play s malor
rcle in human inJecrjon by sllowrng pathoSetric bacreria to auach to epitheliat
cells liDilg the respiratory, intestinal, or genitourinary bacts. This att;chment
plev€nts ihe bacteria from beins wsshed away by the flow ot mucous o! body
fluids and pefmits the infection to be established,

Sooe bacterial cells @ surounded by a viscous substance fomiDg a cov6.ing
layer or envelope around the cell wall. r lhis laye. can be visuali;ed hy lishi
miooscopy using special staining methods, it is termed a .a,rsute. f the laye.
is too thin to.be seen by liBht nicroscopy t is telm€d a m- ;;;;sule. it it is
so abunder that ney cells ale enbedded ir a conmor ddii,"iii;';;ierial is

'r11"4.,ri'."..!v i'8nr mrcroscopy, capsules spped to b€ amorphous Selatinous deos suF
roundine a cell (Fig. 5-16AJr however, special techniques desitned to preseive
delicate stNciures for observattoo by elecbon mic.oscopy have revealed rhat
capsuies consist of a mesh or network ol ffne srrands (Fis. 5-1681,

In baDy ined.es capsuld matF,iatis nor hiShly waler-sotuble and rherefore
does nol readily d ffus6 awal fiom rhe (ells that Droduce ir. Io other iNLaDces

Fig@ 5.15, Fjnbriated bsc-
teria. (A) Sliseuo tene.ii
dividtls bqcilli with nun6}
ous frdbnae sunourdin8
lhe ceus (x20,000). (BJ 60l-
monelld typhii dividing bs-
cilli with nunerous finbrtse
md a few flasella (lhe very
lorg appendages) (X12,500),
lcourtesy ot /. P. Dusuid
ond /. F. Wlhnson ond Tle
socjety of GeEtul Mi.robi-

1961,)



Figw 5'16, Bacterial cap'
:ules as seen by liehl ni-
:.scopy (A) 4d electton
lrroscopy (B). (A) India'
jr preparatioD oi a capsu-
a:ed bactenlm isolated

:oD a paper-mill operation.
lle panicles oI cdbon in
ae ink cannot penetale the

rouDd tle cells). Cou.r4y
r' P. M. Boric&, Wdllo.e

:reeze-etch plep6.aliotr oi
Cran-posilive rod-shaped
lcreria isolared Lon acid
rire water, showinS a fi-
:.illd polyn€. nclworl su!
iunding tha celk. The
iEeze-IracluF prcc4s hs
dso !€vealed vdious inter-
ral and surlace st uclures oI
ae cells. {court€sy otP. n.
tugon, C. B. MocMillon,
od n. M. Ptiste., /. Bocr€-

ih€ material is hishly 
'vate.+oluble 

and dissolves in the mediuh, sometines
,l.aqatically inoeasilg the viscosity ol the brolh in Nhich tbe or8anisms are

Capsules c6n seNea number of functions, depetrdins o! lhebacteial species

t1) They may plovide prolection asainst temporary drying by bindin8 $aler
nol€cules. (2) They nay block altachment of bacteriophages. (31 They may be
antiphagocylici i,e,, lhey inhibit lhe enSullment of pathogenic bacleria by white
blood cells and thus conhibute lo invasive o! irleclive ability {virulencej. {4)
They may piomote attachnent ofbacteria lo suriacesr for exam!16, Streplococ-
cus mrtons, a bacterium associated with produ.ing dental cades, firmly adheres
to the shooth su.laces ol leeth becaus€ of its sedelion of a wale.-itsoluble
capsular glucd. (s) lf capsules a.e conposed of cdnpdunds having an electri
cal chege, such as suga!-umnic acids, they may pronot€ lhe stability of bac_
terial suspension by preventin8 lhe cetls flon agg.eg6tin8 and oetllin8 out,
becanse cells bearins sinilarly charsed surfaces tend to repel one another

Most bacterialcapsules a.e composed ol polysa.cha.ides. Capsules composed
ol a sinele kind oi susa. are termed honopotlsaccha.id€s, are usually
synlhesized oltside lhe cell hon disacchalides by exocellular enzymes. The
synthesis of slucan (a lolyn€. oi slucosel from suclose by S. mutdns is an
exampic. Other capsules 8re composed ofsevelal kinds oi susars and are temed

hcr.rnDolvsac.haridesr these a.e us!ally synthesized Jrom sugar precursors thal
are aciivired lenereizeJ) within the cell, attached to d lipid carjer mol€cule.
bansported ados6 the cytoplasnic memblane, and lolymeized outside the cell
The capslle ol Xlebsielld pneuhonide is an examlle

A few capsules a.e polypeplides. Ior example, the capsule of the anth.ax
orSanism, B. dnlhmcis, is composed entirely of a polyme. ol Slutamjc acid
Mo.eover, this peptide is an unusu6l one because lhe glutamic acid is the Fle
D oplical isoner rdther lhan the lsual L isoner conmonlv found in nature

Some species of ba.lelja, pdticularly those from freshrlater and marine eDvi
rcDmenis, form chains o! t chomes lhat are enclosed b,r a hollow tube called a

This sbucture is most readilv visualized when sone of the cells have

Sh€aths



ri8ure 5.17, Sheatned bacte-
ria. Sheadr aDd cells o{
SpnoerotilB norons stained
with njSrosin- Dinensiols
oi iDdividual cells are 1 Em

sheaths may reach a length
oi several millinele8.
[cou'1$y ot I. l. stoles,I
Bocte.ial 67 1279, 1951 )

Sialkr

mjg.aled i.otu lt (FiB. 5,12). Shearhs nay sonerimes b*ome imp!6snate.l with
Ienrc or nanganese hyd.oxides, which srenpthen rhem.

t | ' i \ rh ' r . 'd s nculdr.  r , , iarh, , . , l  re "em,r i8 id extenslons of  rhp cel l  wai t  and
cyroprasnrL mFnbrdne dnd hdve a didmerer th"r is alw")s tess rhan rh6t of the
cell. They are chdacterislic ofanuobe. ofaercbic bacteda trom heshwate. an.l
mdioe mrironmenls- Some bacterial senem such as Coutoboder have a single
prosihe.ai others such as Sr€Uo and Ancoloni.rcbJum hsve several (FiB. 5-1-s).
Prosrhecae inoease rh€ sultace 6ea of rhe celts fo! nuiljent abso4lion, which
6 advanraseolr  i1 di lu,e enviroiments.  Sonp prosrheL"rp ba. ler i ;  may lorn a
ne$ Lel l  tbud) ar the end of  s prosrhsLdr others hav" "1 adhcsive subslan.e at
rne end ot a prooihp-d thor dids in 

" 
r!hm"nr 

'o "urta.ps.Althoush the telm srrtk is sometimes used inierchangeabty with the ierns
p'osltrp.o u hvpno. ir i! perhdp! beller lo rcsllct irs us; to (erlain nonhvinp
uDoon]ll<p or rubulor dppehds8es rhar dre e\.r"led by rhe ce , such as rhos;jound 

'n 
thF 8pneru- cot/roreilo or pjon(romv.cs 

Lsee Cnsp l\). These sralt!
aro rn arucnment ol the cells to suria..r

Bmaih 6uch external srructu.es aE cspsules. sheaths, and flaselta and exlernal
to rhe Lvlopiaimn. nembrane is rne ,  p s. ,  ,  s very r ,Bid s;ucrure rhar Sivpssndpe ro, lhe.el j .  I is .nain fun. ' ,on rs to prevcnt rhe rel t  tom erpandinAdnd
ev€nlDally burst:ng becausp ol uptdke of waler, qjnce mosl bdLieria live in
hypotonic envi.onments (i.e., envnonments havin8 a lower o6moti. p.e$ure
thu qists wilhm rhe bdcrerial .dls). The ri8rd,ry ot ihe walt can b; resdill
demoNrdtpd by subieltrng bacter,a to verv hi8h presures or orher seleE
phyr(ar (ondi l ions mos'  bdLtpr id l  cF s Frain lhpir  or is inalshapes dur ins ed
afier $ch heatments. To obrain isolaied celt walls for a"atyri., tict".i" 

"siu"ttymur be mcchdniL"llJ dbinreetured by dEslic h"ars. dr ol ,onic o, ulrlasonil
tFarmenr or bv Frpos!,e Lo p\uFnely hrgn pressurs wrth subsequenl 6udden

THf, CIII WAT,I



Strrctur€ and Ch€mlcal
Corlposition

Peptidoghcan

rhc Vnahoror.id rh. Srn.rrt or B'.Icrir

Ftr@ 5-1s. Ancdlomicrcbjun ddetun a budding bactdD with several protthe_

""i 
o". 

"Jr. 
er*rt- 

-l-"gaph 
of whols ( oll D68stjvelv srained Tha bd repE

""'ri 
r.o m. tCounesv oIi T Stolov , BocienolosJe2l t96s l

relgase oi DressuE. The broken c6ll walls ale $eo sepdaled hom the rest ol

the comDonenls ot the disinlFgraLed cells bv differentisl centritutation I9oiared

*ir ." . a"uoia oi otf'", ceilula consrilu"nts relain lhe otisinsl contou oI

the cells hom \thlch they w6re derived
aoonc the orainarv orivpicalbdcreria Lwhnh de somelimes called €ubacre a

to distiisuish lhem from ih" phtloSeneticallv distinct Sroup known as lhe

.rheeobacteria. discussed in Cha!. 3), the walls of Gram'mgative slecies are

eenerallv thinner tlo ro 15 nm) thatr rhose of Grm_Posiliv6 specj€s (20 to 2s
"nm 

r. rhi walls of Cran_ne8€live Nhaeobactpris N also ihjnn€r tian those ol

Cr*-posiriu. $ch""oU""tsio Since the chemical comPos ion oIlhe walls ot

archoebaderia is quite difierenl from thar ofeubacteri3 wall tbickness rauer

than chemicsl com;o,ition ms! be the maiol factor in th€ Gram reactio'
---ir'" 

""ri -"tl 
*ittu"t"t a sisnificant ponion of the dlv weidt ol the c6ll;

deoendins otr lhc species and culture conditiont it mav accounl fo! as much

". 
io to +6o".."nr' su.t"tialcell walls de ususllv essenli€l forbaclerisl 81owlh

and divisio;. Cells whose wslls have been comPlerelv rernovcd lie proroplasls)

are incapable of nornal Srowlh and division

For eubacteria, the shape-d"lermining Part of the cell wall is ldgrlv p'Plido_

"r,,.. 
(sometim€s called f,u.einJ an insoluble polous cros€-linked polvmer

,ii"ror..* tt*tgtn *a 
"Siditt 

Peplidoslvcan is lound onlv jn Procaryolee:

+ occum ir the fonn ol a "bag-shaped macronolecule" sunounding t}ls cvto_

;h;c rdenbrane. Peptidosltcan differs somewhat in comPosition ald slruc'

i"* rr.. *" 
"p*t""; "n;tner 

but iI is ba,icallv a PolvmeJ ol N-aLetvlslu-

cosaBine, N.acetylmuramic acid Lalanine D_aianjne, D-Slutam€re snd a

ai".ir" 
""ia 

r"" 
"t -".-diaminoPimelic 

acid L-lvsrne !_ornilhin6 ot L-di€_

minobuivric acidJ The structurs of lhis polvmer is depiLted in Fits ll'6 and

ri-i.liii:i."",r1"t r. *.liz" rhar sc to;8h as peptido8lycan is. it is also_in a

dnamic skt;. That is in order for tbe cell ro grow 8nd divide po ione ol the

plptiogrv*r .*r 
""*inuollvte 

de8rsded bv wdll-associatsd ltvd'ollti' en-

dm8 so th6l new poltme

Alihouqh most archaeobacleria possess cell wdlls. ihese do not conlain Peprido_

"iu.*lu"a 
rl"ir cell-wall fine structure and chemlGl comPostion is verv

;iifurert om thar ol eubacteria Thei! walls tus usrslh comPosed oII'tDr'in'

^r' 
, . 

" -*l*. 
or pulvsdLcha rides A lew Senera such as I'telnonoboctet i um

i*" L"I' 
"o-o.i"a 

.t *.udom urei n. a pollmer whose structue superficiallv

*."nbles eubaitelel dptrdoslvcan but which ditfers msrkedlv in chemical

composition Gee ChaP. 151

Crdm-Dositive ba( terid usuallv have a buch Sredler smount ol peptidoglvcu in

drcir cell walh than do Cram n6salive bacleria: it mav dccounr lor s0 perc€nt

or more of rhe dry weiShl of the wsll ol some Gram_posilive species bur onrv

Walls o[ Archaeobaclena

Walls ol Cram'Posirive
Eubacleria
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FiSw 5.19. Schemalic iolelpretation of cell walls ol
eubacreria frcm electlon-micrcscope observations. (Al
chn-posilive b6ctsda, showitg thick @ll consisting
maiDly of peptidoslycan. Although th6 woU is oflsn
honoS€neous in appeaEnc€, in some bact€ria it may
consist oI several layes. (B) Gram-neeative bact€ria,
showing out6! meoblsne and thitr peltidoglycan
laye( tcourlesy otA. L roskin ond H. A. kcnevdliel
ieds.j, Eondboot ol Microbioiosy, CnC Press, lnc.,

riSule 5.20. (A) Thin seclion olAqu*pirillur se._
pens showinsthe qcvy outer nenbrane tOM), the
peptidoglycan lay.! (PC), and the cytoplasmic nen_
brse (cM). (B) Conpanion prepa.arion or a spherc'
plasl folm€d by treatment oI the cells wilh a chelatin8
agoot snd iysozyne, The psptidosly.d layer is miss_
ing. lFmn n, C, E. Mumy, P. Sleed ond H E EJson,
can J Micrcbiol 11:547, 1965,1

about 10 percent of the wall ol Gm-negative bacteda Olher subslances ma\

occur in addiiion to p€ptidoglycan. For instance, the walls ol Shplococcu.
pyogenes loltain lolrsa.chJflde\ thal de covalenrly linled to lhe pepridoEl\

can snd which c";  b;  exts l red wi l - \  hor di lure hvdrorhlor iL acid Thewal lso:

Stoplylo.occus duEus and Streplococcus tdecoJir contain teichoic .(nls-
acidic polyneN ot ribiiol phosphate or glyce.ol phosphat+which are .ora

lently linked io peptidoslycan and which can be extacted with cold dilur.

acid. Teichojc acids bind magnesium ions, and ihere is some evidence that lbel
help io p.otect bacteria fiom thelnal injury by providin8 an accessible pool o:

these cations for siabilization of the cytoPlstmic membrane The walls ol mos:

Gram'positive bacleria contain very liltle lipid, but th6e ol Mvcobocteriun
Corynebocteriljn, dd certain oiher senere d€ erceptions, being rich in lipid!

called These compounds have lhe following Sene.al structur

R,--{H- {!i--{OOH

oll R,

where R' and R1 are lons hydrocdbon chains. The ability oI mvcobacteria tc

exhibit acidlst staining (i.e., when stained, the cells csnnoi be decolorizec



\Ialls of Gran'NeSalive
Eubacteia

Th. Morrt6lql rld ti.. slE ruF ol Br.t rtr

easilv despite heatdent wirh dilute acids) is correlalpd wilh the pre,enle oI
cell wall mycolic €cids. A mycolic acid derivahve Lalled (ord 

'a(to.llrehalosedimycolal€) is toxic dd plays e impondl .ole in the diseases caused by C.
diphtheride and M. tubercuJosjs, desc.ibed in Chap. 36.

The walls of Grd-nesative bacte.ia de mo.e conplex thaD thos6 of Gram'
positive bacteda. The most inteFsting diffe.ence is the preseoce ol an outer
membrane that sunounds a thin underlying layer of pepiidoglycan lFigs. s-19
and 5-20). B€cause of this membrane, ihe walls ol Gram'negatjve bacte.ia are
.ich in lipi& (11 to 22 pe.cent of the dry weight ol the wall). in contrasl lo
thos€ of Cram-positive bacte.is. This oute. nemb.ee serves as 6n impermeable
banier to prcvent the esc6pe of imponant enzynes, such as those involved in
€ell wall gbwth, Lon lhe space belrve€n the cltoplasmic memb.ane and the
outer membEne (periplasmic spa.e). The oure. frembrane also serves as a
bdie! to va.ios external chemicals and enzymes ihal could damage the cell.
Fo. exanple, the walls of many GEm-positive bacteria can be easily destrcyed
by heatment with an enzrme cdlled lysozyne, which selectively dissoives
poptidoglycan; howeve., Gran-negative bactaria aE rehaclo.y to this enzyme
be.anse large pblein molecuies cannot penebale the outer oenbrane. Only iI
ihe ouier memb.ane is first damdsed, as by removat of slabilizins magnesium
ions by a chelaling a8eni, can the enzyme penehaie aird aitack the underlyi'rg
peptido8lycan layer (see Fig. 5'208).

The outer menbrane of the Gram'negative cell wall !s ancho.ed to the un-
derlyin8 peptidoglycan by means of |traunl lipoprclein (Fic. 5-21). The metn'
brme is a bilayered structure consisting mainly of lhosPholipids prol€ins,lnd
lipopolysaccha.idc (LPS). The LPS has toxic p.ope.ties and is also known as
endotorin.I occuN only in the outer layer of lhe menbrare (Fi8. 5-21) and is
composed ol thEe covdlently link€d pans: (1) Lipid A.fimly enbedded in the
memb.ane; (21 (.r? polysaccharide, located at the membhne surfacei and (3)
polysaccha.ide o antitcns, which extend like whiskeF lrcn lbe memb.ane
surface into the surrcunding nedium (Fig. 5-21). MaDy of the serological p.op-

model of the cell waU of a
Gran-negalive baclerium
like Eschericnio coli or Sdl-
monelld iyphimu.ium. Not
shown is the crtopl4nic
nenbmn6, wbich is locaiod
below th€ p€ptidoglycd
layei The 3-nm-thick outer
Deab.aD€ ol th€ cen wdl is
sepmted from th€ pspUdo-
glycdn layer by a 5 to 7 trm
space. Molmules of Brdun B
lipoprctein exlend acrcss
tbis space dd anchor the
outer menbrane to rhe pep-
tidoglyc6n. Po.ins ext6nd
hod the oxteE.l su.Ia@ ol
fte ourer nembrue dowo
to the peptidoglycd ldyer
{Couriesy ot H. Nii<lido ond
T. Nolde, Adv Miclobidl
Physiol 2O,16s, 1979.1



Iigure 5-22. Thin section of
dn Es.hcdchid.ol i  cel l  that
was Pldsnol)z.d tr a 20olo
su.rose solution. causiDB
the prototlast to cortract.
Nnn.!ors ddhesions are €v-
idenl behveeD the cvlo-
llasnric membran€ and the
ouler meDb&ne ol the celi
nall. The light. fibriUar arca
in rhe centef  of  rhe.el l  is
lhe nu.lear naterial. The
bar repiesenls o.r pn.
fcourlesy o/ iv. E. Boy.f, /
Cen Mi.f.Dio/ s3:305,
r963.1

'r i , r  ' , , r i , , i1r  r  5t i r : . iL l

5if i , . . r .  r i l : i  . ._,r  : . lAt
TO i l t l  t i r  ,_r : ! , .

e.ties of crdn-ne8atne bacteria are altribltabl€ io O anlieensi thcy can ats(
serye as re.epto.s tq bacreliopha8e alrachneol.

Allhoush nnpemcabie lo larse mote.ules suct as prorejns, lhe oute. meo.
brane car allo$'smaller molecules. such as nucteosides. oli8osaccharides, hon.
osacchdides, peptid€s. dnd anrnro acids, lo pass acloss. This is accomptisherj
h\  m"dn. ol  , l ' "1ncl .  r r  . .p,  i . l  prurFir" , . ,Fd "  r , -  ur ,h 

"p.r  
rhp mem.

br ' , )"rFg .2lr ' fn,  . ,  od.po, n '  . r "  .pp . f i -  Ior  d l ter ,  n,  t inn.or, tu"." .
o,  .m 

' r l  
nrol{  l^ \  drLl  .ornp.dn.fcn" l lo\rcr ldrdFss.Iudt tarC. mot"-u1".

1. | i | |^ | ld|F. ' .U'hd' \ | ld |n l rd} |"nJponl | .b ' .o
dl tJchmelr  ot  r ic t r r iophiees rnd bacrenul  ns

ODc oI lhe questiors posed bv the srructu.e of cran nesative .e| watis is
Hdv can water isoltrble lipophjiic subsrances such as LpS pass f.om rheii
place oI syntiesis w hin the clroptasm and cytoptasmic membrane across:
rvalcry pcriplasnic spacc lo be inserted jnto the outer mehb.ane? A ljkeh
explanatioD hds been provided by rhe discovery of numerous (th,,sio,r. o,poinls oidire.r cohlacr berNecn t|e twornembranes {Fj8.5-22). These adhesion:

: :1.  :  ! :  "  
. \ roa s i rF\  ror  n,  ! r ,v 5rr  rhai /  d Lps and por ins.  and ih; ;d l

arso rhe sLrEs.r  \h ich p i  Jnd f l reel la arc mdde

l l i  - ; , , "" '  ,  n ium, b, ,  re."  oorh crJm.r"sdr i . ,  .nd G!dm-posi , ivp 
"rroF Fd.o!  

"  nu.di .  la.er oi  p.o 'ern.ub' .nrr ,  r r rg.  5-r3l  the fu l r  l ions of  rhe,
nosarc ial,€$ are Dor s,elt understood, but at least one flnctjon is to prot€c:

: j : : : '1i , ! l l  " ,  i . l ' i , , r",nrr ",rJ, l  dnd ppre,hrion o, 
"rr*, ."u. 

p," j"," .
oacFnr kno\!n ds bde ovrbrnrs

I'nftediateh beneath thc cell u,. b thc { \ rf ,t.rixi( nrfrrtrr.,rr Thjs srructuF

's 
approrinrateh 7.5 nm (0.0075 ph) thict and is comp.."a p.i.".ify 

"l 
prr.._



a9 Tn Morth6loSt d tt!' sil*tM ofBa'r'lt!

fr *I''i"..'};ilrij]ibif $ff+;T;f tu\iiffi ;'"
",i:$ il:T:li:L"; *'*,'.*:lT'::$illl:";
IPLIN srsnged ib a brlaver sucb thal tne porar

nodions lcirclesl {5ce outward and th€ nonpo'd

t",f ?T TTffi"liil?1J,1'-"T *'i::fl"J ':i::
$al proreins. such as tlsnsport proterns de De

lieved to slan tb€ m€mbune'

Ih€ C$oPlasmic
Membrane
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ri8ure 5-25. [A] Exanlle of
a eubacterial phospholipid,
showin8 iwo unblanched,
lorg-chain fatty acids esre.-
link€d to slycerol. (BJ Ex-
ample ol an a.chaeobcle.ial
phospholipid, showins two
branched phytarol chains
that are elheFlinked to slyc-
erol. (R is any oI several
compounds such as ethanol.
amine, choline, serine. ino-

memb.ane is an extemely imlonant functional struclu!€, and ddage to it bl
physical or chemical agents can result in the death of the cell

Proteins are syrlhesized within t}le cell, but some can pa55 acnss the cvlo_
plasnic nenbrane banier to the outside: exanples of such exponed Dolecules

are the protein components of cell walls (6.s., podns o! lipoproteins) or the

exocelluld en?rmes that de secreted bv manv bacteria inlo their culture me_

dium, such as penicillinases, p.oteinases and amvlases Othe! P.oteins made

within the cell may pass into the cloPlasmic mehbrane and renain there (e 9..
enzymes such as cylochrcmes and nembtane-bound dehvdrosenasesl The

mechanism by which irMsport ol these ProteiDs occu.s into o. ac.oss ibe

cvtoDlasnic memblane is unt<nown A.elated quesiion is: How does a cell

''inow" whlch ol rne nanv kinds of proleins within the cell to t.ansport out oI

the cell? This question has been pdtially answe.ed: The Senes that code fo!

these proteins ca.ry a messase that Esults in the addition oI a sequence ol aboul

20 exlra mino acids (the siBnal pcptid.l to the pFteins du.ing their svnthesis

i :". T' cHr T, i
"':-'l 'l' ..'" _qf: ..,'1 tt tf t"' :l i

j cr, cir, cr. ci:r, cr, cH: cB! cH, 
i
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Protophstst
Sph€roplitlt

Th. itorpiologf, nd n!. Srn i.E of Br'Lrl'

withiB the celt. Unlike ordi^drv Proteins Prcleins carryint a signal pePtide N

denined to be tracporled iDlo or acrcss the crloPlasmic membrane AccorornS

. .,""i"i",1"ii"-p"ii"t 
'embraue 

pror'lnj miehr brnd therisnal.Peptide 6t

the iD!e; sudace of lhe c)4oplasmic oebbree and rorm 3 chmnel bv wnrcn

ihe oroteincan ksveBethe membrd6. What€verits tuncliotr the siEnal pepooe

" "iii"qr"i,iv-.".;""a 
lv o prot@ltnic enzt'e and does noi aPped in ihe

inal, trdsported Fotein.

A 
-"ni.nlesr 

is lhal Dortion of a bacteDal cell consisling of the cfloPlasmjc

-.'i'li-";" -a 
the c;ll mterial bounded bv ProtoPlads cd be pEP€red

tmm Gram-Dositive bacteria bv beating the cslls with an enzvoe sucb * lvso'

"".". 
.fti"it 

""r""ti'uty 
aissolves rhe cell wall or bv cultunng the baclerja in

-ti" 
o*t"."" a * 

-llliotlc 
sucb as penicillin which PRGnts the fomation

of ttre cell wall. In eilh.r c€se the osmolic pFssure ol l5e medrum musr oe

"-'ri"'"'iiu 
r'iO," n-"",t'e orsanisG from bustin8 Baltena normallv occur

U fruo"toni" *"it.'tt".t li.e enviroMenls havinB d lower osmolic pressure

than th"t.irttin the bacterial cellsl and they continuallv take up wster ov

"-"r*.i.'ir'", 
,rey n"a . exPand pre$in8 the cltoPlasmic mpmbrde tiShrlv

ac6in$ lhe risid ceLl wall. In tbe absence of a rigld cell wall there rs nonng

I Drvebl th€ continued exPosion and eventual bursting ol a ProtopRsl r n]s

i"iJ'" * t" o*""'r"a tt Prepdins p$roPlasls in an isoroni( mpdiun ie '

i";;ii'-;"il";;; 
"...ii" 

p**i." 
"r.rt- 

m rt'at or the prctoPlsst such

""-"iiJrv 
p-i"lla p*.plasts are solt and ftasile and de sphericsl resdd-

less ol the orisiral shape of the cell

Round, osmoticallv hagile foEs of G.am'negative bacteria €n be prepared bv

"*ii*"t "r-]G. 
t"l*" used lor the prcioplasrs of cram-positive bacleria

["-*"t*, d'" *tt walls oI C€d-ne8ative bacleria diflet ftom those of Gmm'

'.ti^"L"i".i" 
lv p"**'idB d ou!e' membr€De Al$oush lhe peplidoslvcan

k trrc @ll wall mav be d*lroved bv lvsozvme or lls svnthFsis rnnrDrreo 
-ov

""rii-ii* 
th€ n*tit" 

-ter 
memblane ol the cell wall remains (Fi8 s'20B)'

i""*"-ti" 
"**a 

."tt t'"s rwo membruee th6 cvtoplasmic membrdne of ihe

o.r.pfut, pfu" tl" o** teDbrane ol the cell wall the cell is called a spheF

oolasl rsiher thd a Protoplast
-'i"-e lacte,ia. tbe mvcoplsmas. nev€r have c€tl walls snd ae bounded bv

.ri" 
" 

cvr"pr"t.ic .".u*er lberetore. thev hove mrnv of lhe proP€fties ol

o.oioola"tr, v"r tttev **g" to lbJive noDetheless Mcsl mvcoplasmas are par_

i"'rii'.r 
"'i'i'"i", 

pt"t' 
"; 

adhsPods End rheretorc li vF i n os morical lv favor '

"Ui" ". ".t"." "i'"|.--"nts 
Some are able lo artain a desree of rigdrtv bv

"**.**u"* 

"Ui*r"-tt.b 
Lheit c\4oplosDic meobrsnes Mojl mvLoplasmas

i'"i" ?--"'J- iJii 
"pu".tcal 

5hap6. but one Eenus sphoPlosm' con:rsts ol

helical celLs How sucb celh ar able to maintaitr this shape in rhe absence or

s cell wall is unkDow!

Bact€rlal cells do not contaitr nenbrde-enclosed organeiles coresPonding tb

rh6 rnitochoa&ia ord chloloPlssls ol euc$votic cells Holvever' bact€ria mav

have speclalized invagimtions ol the cltoplasni€ nembree thai 6n increase

their surlece Ns lor ceiain f'rnctions.

}heroplasls

I.dbr|no[t ltl|||ralont
.rd lntr..clft 3t
l.dbrana Syttc[l
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rig@ 5-26. Thin seciion oi
rhe Gr@,postive bacte.iu
SlEptococcus loecolis,
showide the b€gilniDg
stases of cell divis,on @cu-
dng beneath a thictsned
equalo.ial ridge of rhe .ell
w6ll (drowt. A .eiirat n€F
osooe {m) is preeent in
ea.h cell dd is seeD ro b6 a
@mpld invaSinatior of rh€
cttopl@nic henbrm€, Nu-
clesr tute.ial ttrl appcus as
a li8ht, nb.ille 5rea. rcouF
Iesy ol t. M..co.idnd, A. i.
,{rcnibold md /. M. Aoddi-
ley,I Ce\ Micrcbid s9.73,

Ih. Cyrophrm

.Many 
bdctefia. especia y Cram-posjtrve bsderia, posses meDbrue invaBrratbro mrle form of systems ot convolutcd tubulFs and vpsiLtes rFmed hp,. .

:Hii;"ll,"'i ll1xi ii",1t,".xlTfi T,IT"'f ::*,:$":"1 :lr",il;li:;!i":
nucreu in€leriat: urey ue lhou8hr ro be involvcd jn D]\a reptr.ation aaJie:.

!i*xj,il:"r,lif i,ffi,ffit'J$T,*:t,r::.i""il:":l:i'i.::li j :li :l
lHilffi^,,fi* :","1T,i"""l:til; jia *".,",",", "r,"1^ "_,",i.:
.-_filensNe. 

intracellDlsr meftbram systems o.cur in mcrhane-o\idizing ba .

i"Ili;,i,'":iiX,l"i,"l",i"iiTt?11k11'Jltijif;.l",Lj;i:ilt,Tt'J,:iljhi"
;;'il,;;l,j,i:TiJl*"l "?T'jff e';"",?i:fi,'ft ,,i3" A ffi ":$":: ":::lo acc_ommoddre € hish onre,t of ti8hrrbsorbj,ipisD*r". r, rfi" pi"i"-r"pl.

f#lj;j:$*1J"*Jfr"ji,,lJJi::fl i: ;:TiH:* til,,r"i"ia"r ".",. int,
Theell marerhl.bouoded by.rhe cvtoptasmic membrane msy be divided inr
!l,T:_"L,-"I,.j1i" "Tn s,"nular in appearance and ricr, i" ,",*_^.r"""i"

iilijiiiiiii: #Hf :..'3i,TT1 fi, ;Tii,,'fifff "T,il1'1L'""'J;;",,'iTi:,$l'|:T',f;"","".: ::T: ::i::i*i: :1t" *d"pr*. " *,,*r,.,,otle$,.espmraily those in,"i""Jl; ;;; ;ilil""[T:"li,,lii""ffll,i,.l;,il;

illi"tiiilil':fi:#::":, ;l:j:j[""i:t"J".,""Tff ";i,lllil,u,i1.l:.;*:
t"ff ;:::: iffi : ::fl tT:ll'j,:i,":;T"",T,,"i"lff I:e.T,T,:t::'"nit t:



fttoplasmic

Th. l tor lholds i id Fim 5rr . . r {  otBrt l^ f i :

r iboiomps ol  .ucdrvol ' :c orsanFms shir  h ndv'  d sedirncnrdr 'on LoPff iL ienr ol

8OS dnd re Lompo. J or .  bos a.d d 40S 5ubun I

ConcentatEd deposits of cedain subslances a'e detectable in lhe c)'toplasm ol

,ome bdLrpr ia i i , '  r ' , . .  , , ,1. .  d l 'o Ino$n d(.r"r '  i r ' ' . " '  , "  11:
cornonscd of  po'yp\oiOh. ' la Thr $id n Jn i r rFn'F reddi 'h_Pu! l le oror \ ! r rn

. ] i " i .  . " r . '  
- '  

i r -  
' "4 " . r r  

b" ub errer i  b\  ' '81 ' r  mi Jo'Lorr"  B) "  
ecrrol

. ' - i " -"" t  t i ' ,  dppnc r ' r "urrd du L ar" ! !  ' r io 5ls l  volurrn sPrver ai  d

,"" .^.  . . " ' - "  r '  pt""r ' l  
' r "  

i \ r .o h^r to l fm- ufr"n round n dptobiL bdt lFr id

"""1.1.r i " , "a" '  
r r rer ' '  

' , l ,on 
t , , "  n l r rocc" Llr ' r r - rondirrof  i ' " ' l ' lorolorn-

solubte,  i ip iat i le mater ia l ,  , , ' t \ - l j - i iv l , , , \ \hL'L\  .  rL i ' l i , i  dr icb con se've as

"-**"" 
i"'u* *a 

'*'dv 
sorjrce PHB granulcs can be sraincd Nith lipid-

..l,h" ai". *"t' as Nile-blue. Bv clecrion mi$oscopr rhe! appear as clcar

roundLre+Ltc 's l l . 'Po' ] 's" . 'h" t iJ"el lnUe\ ' .
broun wrlh rodrnp B! " lF '  l ron ni ,  ro.colv lhpt  dppedr d5 dJrk R dnules r f rg

t  2ul .  Anornpr l \p.  o l  inLlu" orr  i  F l , r" 'Pnlcd bv lhe In l rdL' l lu lar  e lot  u lp '  r

" , , , " , , " . ' r  
. " l | " ,  r lu l  ms\ a '  Lumulare rn cedarr  bdcler i !  grnrvrnF 1on\ i ron

ments.ich in hydrogen sulfide''-i"." 
l"a-li thal livc h aquatic habitats form Lr\ ,.', r.1{ \ thar provide

Luo\drcv.  81 l isnr m;Lroscol ,v I  
' "s"  

JrP l ,nghl  FrrdLlrF bod:es:  bt  e l"  r tor

; ,  ; ; ; . ;o;  ih" ; , .  **  o rav.  a r .gular sh'pe: holrorv t  s iJ I  ' l ind" ' \  
s 

'h
.*"  l i i . , " " , ' " r""4 ' . r ,d nJvicsi . r tkr"d ptor ' inboun' ldr \  fh isbouad"rt

;s inDermeable lo watet, but the valious dissolved gases in ihc culture medium

,."  t j , * ' . ' .  i t | .  nt  lh.  Jdrr lv l  l ,e dFnr i l \ ine ("nuF ol  Eas vacuol"  i '  rhal

rhev .dn be n".1.  r ' ,  Lol l rn\e I  cdq prPs'Lr and l l 'P 6b\ usF lhc r  rarrdi  r i r t r r

In contast lo eucaryoiic tiells, baderial cells contair neither a distinct mem

l*"".*l"*a *.G* 
-r 

a miiotic appa.alus Ho('ever' thev do contain an\!!clrar lltalerial

G

Ficure 5-27. Eleclron mrcro_

iraph oJ a thin section ot a
aemoaulotlophi. bacle_

:ednus, shot{ing a! exten
: ie intracelluld nembrane
:sten. {CoudesY of S W

fisuft 5-28. Thin section of Pseldononds Pseudo]lavd
5h;Nns polrphosph"te \o lut inrcrdnr l "s rPP poh 0

hvdlor\bul l ' rd p Aidnule.  tPHBI anJ glv '  o ' "n l ik"  8tun'
ue.tc j  ,Courr*y o. l  C Aur ins I t  BFI 'onJrr  

"  
sr f"

Sel , InI  /  Sy$ bocter io l23132, 1s731
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IiSure 5-zS. Drawin8s
showing lhe location, s'ze,
and shape ol endospores in
ceUs oI valious species ol
Bdcilius and Clostddiun
(Eruin F. lessel, illudtutor.J

SPORf,S AND CY$S

Endospores

area nee the center of ihe cell that is rcsard€d as a nuclear structure' and the

DNI- of the cell is confined to this area Be.aNe it is not a disc.ete nubleus

lhis nebulous struclure hd been desiSlated bv such terms as the nuclcoidi lhe

chunatin bodr: the nuchr. oquivalenlr and even the ba.Ierial chromosoDrt'

since ii consisG oI a sin8le, circular DNA molecule in which all the senes are

linled. The nucleoid can benadevisible under the lisht micrcscope bv Feulsen

staininS, which is specific lorDNA. By elecbon miooscopy ii aPpears as a light

ea with a deticate ffbrillar structure {for exmple, see Fi8s 5'22 and 5-26)

The behavior of the nucleoid in growins, dividins bacte.ia has been obse.ved

by use of phase-contrst microscopy with a medium having a hiSh reha€tive

Ceriain species ol bacte.ia produce spoEs, either within the cell (endosporesJ

o. extern;l to ihe cell {r\o$porcsJ. The spore is a melabolimllv dormant form

whi, h undpr applop ate condittons. Lan underSo 8e'minalion and outgrowlh

to form a veSetaiive cell.

These structures are unique to baoteria. They N thicL-walled, highlv refra€tile

bodies that are produced (one per celi) by Bdcillus, Closhidium, Sporosorcina

Tlermooclinonyces, and a few o$e. genera. The shapes ol endospores and also

their location within the vesetattve cell vary depending on lhe sp€cies (Fi8 5_

2sl. The structural chanses ihat occur durinS the developnent oI endospores

have be€n extensively studied in Bdcilius and CJost.idiun speci€s (Fig 5_30)

Endospores are usually produced by cells sowins in dch media but which de

approaching the end of active Srowlh. Vadous factoN such as aSing or heal

Garment 6;e needed to activate lhe dormant spo.es {i.e. permit them to b€ able

to undeBo gemination and outgowih when lhey arc placed in a suitable

Endospo.es de exi.emelyresistant to desiccatio!, staininS, disinJecuns chem-
icals, radiation, and heat. For example, the endospo.es of Clost.idium bolulinun
tyleA have been reported to resist boiling fo. seveEl holl]s. The de8/ee of heal
resistance of endospores laries with the bacterial species, but most can rcsjs!
tredtment at 80"C for at least 10 minute6. What causes this heat resistance ias



Fit@ 5-i0. Sltuclu$l
chan8e$ in lh€ bsct6lial coll
duing spoolatior. (Erwir
F. !s8el, illuslmtor re.
dmwn, with noditicotions

/rco L. E. Hqwl<er drd A n.
Ljnlon, MicEorgonismF
runction, Fo.m dnd Env!
rcnhent,2d ed., Univer-
sily Po.k PEss, Bdltimo!€,
1979.1

fh. ,lo.pnolo'' .rA nn sh.tu[ .t B..r.rt.

beetr a subject of inters€ study, but the explanation is still rnot clea!. Duilg
sporulation, a d€hyd.atton process occu$ in which do6t oI tbe wsr€r 1! ths
developirg spoE is expell€di tl|e resultlry d€hydratod state may be an impdiadt
Iactor for hoat rssistance.

All erdospol38 conbin la$B atlount! of dipicolinic acid (DPA), a uniqug
compound that is uDdstectable in the wget4iw cells yot c€r accoutrt for 10 to
15 p€rcsnt of th6 spore's dry weidt lt @cus itr conbiDatioD with lEI8€ alnollnlt

of cslciun ond is prcbabty lo€ated in th6 cor€, i.e., h the central patt of the

spor€- Tho.atciu m.DPA coEPlex may possibly Play a role in tho belt lesktaDc€

oi eDdospo$s. SyDthesis of DPA md th€ upisle of calclum occur duins ad-

veced stages of sporulatior

ao) @

-/*-*a*-"",

-{"-

\  : - r



Figu.e 5-31, Ouiglowth of
spores hon cult!.es of Eo-
cjlrus mycoides: (A) s.own
2 h at 35'C (X4a,0001, (B)

(x46,000). The lwo hatves
of the selered spore coat
appear at th€ ends oI lhe
vegetaiive cell. {SAB pholos
LS 203 ond 204 coutles! ot
C. Kndysi, n- F' Boi<er, dnd
/. H'llie., I Edcie.iol, 53:525,
1917.)

*-'

:a Fi8u.e s-32, Out8rortb ol
cysts hom cultures of aD
Azolobocte. shain, Vegeta

a t ive cel ls rrP also evid€nl .
I lcou,resy ot Y. T T.hon
! ond P.I  New.Ircm N n.

KJieqbd.), Beryey s Mantol
oI SFtemoli. Bocleriology.
vol. 1, ivilliods & Wilkins,
Bolrimore 19a1,1

Durin8 lcrmirnlion. endospo.es lose their iesistance to heat and stainins.
Subsequeni our{tu\!rh occurs, characterized by synthesis of new cell material
and development ol the oreanism into a growing cell (Fis. 5-311.

Cells of lhe meihane-oxidizing genus Meihylosinus form exospores, i.e., spo.es
external to the vegetative cell, by buddin8 al one end oi the cell. These are
desiccation- and heat-resis'iani, but unlike endospores they do not contain DPA

The lar8e group olba.te.ia knosn as lhe aciinomycetes lom branching hyphael
spores develop, sinSly or in chains, hom the lips of these hyphae by oosswall
fonation Geptationl. If the spores are conlained in an enclosing sac (slr.an,

! ,umt.  rhey ar"  lemed \ror ,nr i , ' \D,{F\ .  i f  noi .  thev . rp cdi lFd , , ,n, , ' ! * t ,ur ,^

tor, ;n id iJJ {Fjs.  s-ot .  ih"  spor" i  oo not ldvF lh" hiSh hpdr rcsi+anle of
endospo.es, but they can survive long peiiods ot dryinS.

Cvsts are dornant, thick-walled, desiccation-lesislant forms thal detelop by
differentiation of a vegetaiive cell and which can late! Serminate under suitable
condnions (Fig. 5-321. In some ltays cysts resemble endospoEsi howeve., their
structure and .henical composition are diffe.ent and they do not have ihe hi8h
heat resistance of endospores. The classic example ol a cysl is the slruciurally

{

I

(Dt.

Ilxoslores

Cvsis



7.ll

Ficuft 5-33. fine sbucture ol an Azotobdcie. cvst

Th; erosporiub (Ex) and lhe two laveB oi e\ine

tcq and Cc,lde vkible A nlcleu EBioD lNt)
and a cltoDl4mic reqron containjn8 nbosomes tre

obsedaile withir lh; centnL bodv lcoudesv of Y _

T. Tcnon ond P. 8. New,t oh N n Kries {ed l
BerAeyt Moiuol of Systemoajc Bo.ledologv' vol l

Willidns & Willins. Boitinorc, 1934.1

QfrsTIoNS

coopley lype produced bj lhe Eenus Azotobocrer tFi8 5-33l Sevetdl other

bact;ia (€n differentiste into cvnlike lorms bur these sepm to lack lhe deSre

ai st ciural complexity characteristic of Azotobdcter cvsh'

' I How does lhe cell's surfsce a.eatuolume .atio compare with that ol lsrger

organisms? What advaniages does a hiSh surlace des,/voltrme 
'atio 

otie'?

What const.aiDts does it place on a cell?

2 What bacteial cell stnrctures may help to increase t}le cell s sudac€ area/

r If \ou pertotmed a midoscopic examindtion of d sPproprialelv srainPd

pr;puJi'on ot Stophvlococ.us oureus could vou exped dll the cells to be

ananged in cluste$? ExPlain
a Explain why some species of cocci apped as chains but others aPpear in a

cuboidal dangement.
5 D.aw a typical bacielial cell and identilv all pans

6 Contrast ;lopulsion by a bacterial flasellum with that bv a sc.ew propeller

? What lunctions mishl chemolaxis, phototdis, and magnetotaxis have fo'

bacteria in their naiural habitats?
s What prcblems associated with the shape and motilitv of spiloPlasmas still

lemain to be solved?
I What function misht a capsule seme for the lollowing bacteria?

(d) a pathosenic bacte un
ibla;oii bacte un whae the sojl is le.iodicallv subjected to drou8hi

fc) a bactenum livinS in a flowin8 stred
10 fohy are G.am'negative eubacle.ia urusllv much easie! to disapt bv sonic

oscillation thm Gram_positiv€ eubacteria?

11 Comparc the slructure and chemistry of the cell walls ol Gran'Positive

eubacteria versus those of Gram-nesative eubacteria. List some najor differ-

ences between the cell walls oi archaeobacteria versus those ol eubacteria

12 What fun€tion do the po.ins of the oute. m€mbr,Lne of a Gram'n68ative

eulacle.ial cell wall sere? r rhat tunctions do c$oplasmic membroe/outer

menbrane adhesions serye?
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13 ln wha l inds ot tarera ed in wh4 kinds of  b.ctpr;al .pU sr iucture.  wo. .we tre nost litety to find rhe lollowinq com.

iit""f 1;1','";"1 T #li;Ti"i::i,";itr i;,ii:',I*;Jf 'ff ilj:;:l;:::.,
" ;,;il1:.iifl+11,'J"bd'teria 

a herbod or rFprodu'|rion o'i d mean'
15 What?are rhe sjnilarities and differen es borween protoptasio and spherr.

re Is i tprcperrorcierbbacrer iatcel ts6scontainir," xm:r;l;lj:i.:i,: ;;i;;L?;it;"1:*.",:fi:"1 fl"":f :;,;ili

Adl€r,  L lhe spnirng of  ChFmiLal \  oy Ba"rpra. ,s,r  Am,2J4.40_47 .9_b. :

,dTr liti,:.i:il:;:i;1 j':.;:;".',..*r,m*,^r,
*j:f y,Tlj'l*"t-r "' ', "... "", *. 

-,."0",',n"11 ,ii!;;";.^**"^- "*j:{ j::!i; T::#;ii,:;,.:r:;x"i:1,tri:,,.l j.:,*: j;";i,::.
'*i:fi i:fi q:.i,!i'i!i;T:'itTfi *"if dH;:il.tu,:,::;;;:..

sDd€rtand. Mass., 1983. Choprer I provjdes o sr,",,u,.,,- o,,n" o,.".,Xill;i ',.^"" ' *. ,..
"'ui#;,"::iiI 1,J."; ;;i:T#,1::'i"i,:,;,i,T;:xil,p.'i:.1.#;:il j,:i:,
*iT::;i: {::.""'ffi ii,"iJi?1T;"iJiii,ii j,!"- d. h o n. n d c e, n D o,, a,;l;"J:1,il:':?.'::#,:i'::";:.?;J,ilfl';,",:,.1 lT^C# iitj":
'"[,..[*1,j.^][,1i .", J' i#,i, Ljil:"::1"1';:;,;#fl],1;i:t;,lt:
ii,ii,i ffi {fl ;:::;*:l; J"';",,r::?;ta I j:in:,";* "i":#i
:'#;j:xi|,";" jl,;l'ff :,"jj i:,fi,j,?:i: #:1.# r;; ;; ;;;; ;


