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qﬁ PHYSICAL CONDITIONS  In addition to knowing the proper nutrients for the cultivation of bacteria, it is
o FOR also necessary to know the physical environment in which the organisms will
i grow bwst, Just as bacteria vary greatly in their nutritional requirements, sg do
iy they exhibit: diverse responses to physical, conditions. such s temperature,
v gassous condmons. and pH.
h. Sim:aali procesases of growth are dependent on -chemica]. reactions and since
o tha ratea of these.reactions are influenced by temperature, the pattern of bacterial
; growtlt can be' profoundly influenced by this condition. ‘The temparature that
? QQO’«Q for most ragighgaiwth during a short period of time (12 to 24 hj is known
e il ‘tha npﬁn;un JRWH. temperature. (It should be noted, howeysy, that; ﬂg
o ' ’
L0 : ;
fh b . abh: ‘optimum temperture for several ban.teria apd plun thB
;‘gq_ HEmmng M‘%ﬁmﬁiﬁn which they* will grow: It can be" saent‘fthat the
g “paximum temperature: gt which growth occurs is usually quite close to the
— ptimumn temperatiire; whereas the minimum temperature for growth isfusually
i ‘much lower than the optimum. On tha basis of their tamperature roladsmt_;ipl.
. for toria l@%gidﬂmm main groups; .
ster- Chmhﬁn are able to grow at 0°C ‘or-Jower, though they grow best af higher
gan, 3p#s. Many microbiologists restrict the term psychrophile to organisms
gl w at:0’C’hut have an optimum temperature of 15°C or lowo§ and a
c i mperature of about 20°C; the term' plychmhvph”or“fumitnmc psy-
o Rt chm;mm,ll:mdmﬁthou organisms able-to grow at 0°C bu¥ which‘ grow but at
less, » e tempeyatures in the range of about 20 to 30°C (e.g., see Fig. 6-1). '
mi- oty SR splation of strict psychrophiles it is.usually 4 ]
L sy g AR ) ‘91 J!iﬂ et o agﬁ?gfgm am%
L vk tho m,q; ?1 d.and also ta chill all media hp;gu;:g;gqg@ :
: Wptym%‘;ﬂ“ W“ag; die if they; arp oven, tamporasily
o . msd; Q- pmperature; Eyen-at. optimum grq
'gf::i 3 takes.two o:m?th:o iwnka for colonies of pfydwpphﬂe;v;ia Eﬁﬂﬁ?’ﬁz Sgﬁl?‘
ik _ «+The:-physialagical festozs responsible for the' low temper: Jor.sirict
«ding - e Sty L TR mxchmh@lummrammdem put some-factors-that. hava] ,gxmpl:tcn&gé
e BNt a3y Byl st ,,gmmwmmmm@m mlsauzymes. m%gg@“qm gf 9-11
ia.are io 6-8. Eharartaristics'of - e s
; S 2 ‘Sp‘dé? OfBaUtBﬂa" TG Th?itf I"l-a : ,.4:" 1 : 1““:1‘3?3‘ thics "’ ‘"”Tcmperatureniﬁmwlh.-‘ﬂw {1 Tt
wops: TR, (1 ) e e ‘ e ]
: : m%ﬁ#ﬂmb T;g;pcmw e £ i AT - H“W
ppro.- Vibrio marinus strain MP-1 PR fVitanG -.'i. Ciaiigginn
! sexdatsy gk Viotio. psyéhroepythrudicti w01 o 15 s ig i
ted if LRSIV fu . e Do woly o PSvudomonas fluorescens e si 25-30 i
st SR i et b0 b o Staobylocespusiaveena e e o 30-37 46
:.mlve ; Sl ‘f{.@.@mdjwﬂw 2w 37 40
e si .. 1. 0. JNoiseriqgopormhosgey. i a3 35-36 38.5
” :qun‘.-a.;*i LT VG ) s A % .??FH!WNW = L EIE 40-45 50
aecific FBE b oon ke r\f‘f “1“‘?'3‘,!{%! !’waq&'ﬂﬁ 4 i 27‘§Q 60 6570
; i SR B T m ik 70-72 79
g asd o S SOURCENata szi Y*?Mmm Bucmmham :su‘uf.i 1975, and from Bergey’'s Manual of

Datemumhyp ‘Bagteriology, §th-ed. Williams & Wilkins; Baltimore, 1974,
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" foculiative Micro-
H -‘;'?t?‘."fcmqroh ©  cetophilé
‘_‘uﬁl ‘lliuatration of the growth of bacte-

atitrd ot tRE'BroWth bE o iy i Irii i desp &t ”";i‘g‘ﬁiq,@hnwing différences in response

s mon it ety slar ¢ o G ina R N
%’m@géﬂm%ﬁ%;ﬁ S TR PP A R O L n,_':n;tn- E@D@Gﬂc‘?wgf
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in Klett units) iﬁﬂdﬁ%la i Teremglgoag bir s _mz. itra it 10 i}'i‘;'i;f?f.l)f:f.-'-?--- By Lo " iy A ik
at' 35°C thaik st o 2 Mml’ml"‘m‘bii!‘m*ﬂ ﬂ‘iﬁﬂﬂlﬂ‘&hﬂﬂp of approximately. 28 to 40°C.
thovgh (¥ tOMEqiisditity'or ' Forrexdntble;all biciéna' that are SABAAKIE for humans. ahd . warm-blooded
cells 4t thé taemination of & ﬁ;mm  ifedBIHITRE, Triost teiking bt at ¥bout body temperdture (37°C)ic -
growth is greater at the. 3 [ Nermophiles: grow best at.temperatires.above 45°C..The growth. range ofmanw:
lower temperature. {Cour- - f?m&ﬁemﬁi Into the. mgopbﬂic}:léeglon; thesa, speales are.desi )
( o el - o P TS -- EE: Iy i > 3 w B q o
o bektire biclogy of . rango: thibh e tormed tre OB s, COVGAtS TeopHI 5, RerRhers
Food Stuffs, Pergamon, New P ,ﬂ.es L LR B e o e
York; 1968.) Factors: that héve been {nplicated,inithe,ability to grow at high temperatures
; ‘L are an increased thernial stability.of ibosorties; membrates; dnd vaibus BAZ{med.
Loss of the fluidity that exists:withinithe Hpéd:Bllayer of the cytoplasmic mem-

Y

brane may be & factor govilniig ki

It 18 imfortant: to note that & bEETEHAD SPENe
]‘,.:.l..ll;] m-,.dmwﬁﬁ}u ..H' : 3
Setratidt midrcescens forms & blood:red 1 &H4ngs: Bigment when cultured &t 25°C
but produices littlé or i6 pigitient when ¢iltured at 37°C; Similarly, Lactobacillus
plantirum does not. requird the ammino acid phenylalanine for growth when cul-
tured a4t 25°C biit does requirsé it dt 37°C. +  ©

may not manifest the same
nt temperatures. For exampls,
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The principal gases that affect bacterial growth are oxygen and carbon dioxide.
Bacteria display such a wide variety of responses to free oxygen that it is
convenient tq divide them into four groups on the following bases:

1 :\a.r'o_bic b‘“““”?‘ require oxygen for growth and can grow when incubated in an

’atmém ere. ({.e., 21 percent oxygen}.

2 ie}'r“m "‘pgng&s"" do not use oxygen to obtain energy: moreover, oxygen is toxic
for them and they cannot grow when incubated in an air atmos here. Some can
tmnsirmgeut ort" eran! anagrobes ), but others

t&[ ,!"aga thw }'gﬂgla of oxygen
paingent o siFict anaerobes y cannot tolerate even low levels and may die upon

ief expogure to air, , s 7
S‘E_grcuil?ffﬁré.ly gqaamrlm, bacteria 4, 1ot require oxygea for growth, although they
may use it for energy production if it is available. They are not inhibited by

" oxygen and usually grow as well under an air atmosphere as they do in the

ot 'ﬁ?glgnce of

uaempﬁﬁ?'@"é‘amr 1@ raquire low levels of oxygen for growth but cannot
tolerate the level of oxygen present in an air atmosphere.

Figure 8-2 shows diagrammatically how these four classes can be distin-
guished by their patterns of growth in tubes in deep agar media where the
diffusion of oxygen into the medium is a controlling factor.

4

Oxygen is both beneficial and poisonous to living organisms. It is beneficial
because its strong oxidizing ability makes it an excellent terminal ‘electron
acceptor for the energy-yielding process known as respiration. However, oxygen
is also a toxic substance. Aerobic and facultative organisms have developed
protective mechanisms that greatly mitigate this toxicity, but microaerophiles
and anaerobes are deficient in these mechanisms and are restricted to habitats
where little or no oxygen is present. The following factors are among those that

have been implicated in oxygen toxicity.

1 Oxygen inactivation of enzymes. Molecular oxygen can directly oxidize certain
essential reduced groups, such as thiol (-SH) groups, or enzymes, resulting in
enzyme inactivation. For instance, the enzyme complex kmown ad nitrogensasse,
responsible for nitrogen fixation, is irreversibly destroved by even small amounts

of oxygen. ; -
2 Damage due to toxic derivatives of oxygen. Various cellular enzymes catalyze
chemical reactions involving molecular axygen; some of these reactions can result
in addition of a single electron ta an oxygen molecule, thereby forming #Her-
oxide radical e GEn e
_ (©:7)
0O, + e~ — Oy (1
Superoxide radicals can inactivate vital cell components. However, recent
studies suggest that their greatest detrimental action is through: preduction of
even more toxic substances such adtydrogen peroxide (11,0,) anghydroxyl
radicals (qH.) hy means of the following reactions: Jid

203-: = ZH* “""Gg £ Hzog (2)
07 + o, oo s L o s o {3)
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Figure 8-3. Methods for pro-
viding increased aeration
during incubation. (A) Cul-
ture vessels of several de-
signs that provide a large
surface area for a shallow
layer of medium. (B) An ex-
ample of an incubator-
shaker. The environmental
chamber provides controlled
conditions of temperature,
humidity, and fllumination.
Within the chamber, flagks
are fixed firmly on a plat-
form which rotates.in a cir-
cular mnanner, thus agitating
the fluid medium constantly
during incubation and ex-
poesing mors culture surface
ta the gas phase. (Courtesy
of New Brunswick Scientific
Company.}

Roux battle 8

Hydroxyl radicals are among the most reactive frek radicals known to organic
chemistry and can damage almost every kind of moiécuie found in living cells.
Hydrogen peroxide is not a free radical, but it is a powerful oxidizing agent that
is highly toxic to many kinds of cells. Another toxid derivative of oxygen is an
energized form known as singlet oxygen, (*4,)0;, which is produced in biclog-
ical systems by certain photochemical reactions.

Aerobie and facultative organisms have developed various protective mech-
anisms against the toxic forms of oxygen. One is the enzyme known as super-
oxide dismutase, which eliminates superoxide radicals by greatly increasing the
rate of reaction 2 above. The hydrogen peroxide produced by this reaction can
in turn be dissipated by catalase and peroxidase enzymes:

catalase

24,0, "7 2H0 + 0, (4)

peroxidase

H,0; + reduced substrate 2H,0 + oxidized substrate {5)

Note that elimination of either superoxide radicals or hydrogen peroxide can
prevent thé formation of the highly dangerous hydroxyl radicals, since both
reactants are required for reaction (3).

In general, anaerobic bacteria have eithér no superoxide dismutase or only
relatively low levels compared to aerobes. Many aziaerobes are also deficient in
catalase and/or peroxidase. This may help to explain, at least in part, their
sensitivity to oxygen, although other factors are probably involved as well.

Cultivation of Aeroble Bacteria. To grow aerobic or facultative bacteria in tubes
or small flasks, incubation of the medium under normal atmospheric conditions
iz generally satisfactory. However, when aerobic organisms are to be grown in
large quantities, it is advantageous to increase the exposure of the medium to
the atmosphere. This can be accomplished by dispensing the medium in shallow
layers, for which special containers are available. Aeration can also be increased
by constantly shaking the inoculated liquid eultures (Fig. 6-3).
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The Coltivation of Bacteria

Cultivation of Amacrobic Bacteria. Stringent anaerobes can be grows,
taking special precautions to exclude all atmospheric oxygen from the me. ;
Such an environment can be established by using one of the following methon.

1

2

Prereduced media. During preparation, the culture medium is boiled for several
minutes to drive off most of the digsolved oxygen. A reducing agent, e.g., cysteine,
is added to further lower the oxygen contant. Oxygen-free N, Is bubbled through
the medium to keep it anaerobic. The medium is then dispensed into tubes which
are being flushed with oxygen-free Ny, stoppered tightly, and sterilized by auto-
claving, Such tubes. can be stored for many months before being used. During
inoculation, the tubes are continuously flushed with oxygen-free CO; by means
or a cannula (Fig. 6-4), restoppered, and incubated. - - ML

Anaerobic chamber. This refers to a plastic anaerobic glove box {Fig. 6-5) that

v
Figure 6~4. Use of prereduced media for cultivation of stringent anaer-
obes. (A) Tube of prereduced medium containing an atmosphere of ox-
ygen-free N,. (B) To.inoculats, the stopper is removed and a gas can-
nula inserted to flush the tube continuously with oxygen-free CO, and
maintain anaerobic conditions. The medium is inoculated with a few
drops of culture by means of a Pasteur pipette. (C) After inoculation
the tube is restoppered and incubated.

Figure 8-5. (A) Schematic diagram of the various parts of an anaerchic

;I"“""'”““‘;' chamber (top view). (a) Glove ports and rubber gloves that allow the

with inner and outer doors. Media are placed within the air lock with
the inner door remaining sealed; air is remaoved by a vacuum pump
J connection (c) and replaced with N, through (d). The inner door is
opened-and the media are placed within the main chamber, which
contains an atmosphere of H, +.CO, + N,. A circulator {e) circulates
the gas atmosphere through pellets of palladium catalyst (f}, causing

( operator to- perform manipulations within the chamber. (b} Air lock

~__..._4! any residual oxygen in the media to be used up by resction with H,.

J After media' have bacome completely anaerobic they can be inoculated

\J/ and placed in an incubator (8) located within the chamber. [B) Photo-

c greph of an anaerohic chamber, (Courtesy of The Germfree Laborato-

ries, Inc.)
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Figure 8-8. Anaerobic far:
GasPak system. (A) Media
are inoculated and then
placed in the jar. Water is
added to the GasPak genera-
tor envelope, causing the
avolution of H, and CO,.
The H; reacts with O, on
the surface of the palladium
catalyst, forming water and
astablishing anaerobic con-
ditions. The CO, aids
growth of fastidious anaer-
obes which sometimes fail
to grow, or grow only
poorly, in its absence. An
anaerobic indicator strip (a
pad saturated with methy-
lene blue solution) changes
from blue to colorless in the
absence of oxygen. (B} Tha
GasPak Anaerobic System
with inoculated Petri
dishes, the GasPak generator
envelope, and the anaerobic
indicator strip. (Courtesy of
BBL Microbiology Systems.}

Acidity or Alkalinity
(pH)

NICROORGANISMS-—BACTERIA

Clamp with f
clamp screw /

Lid with
Q-ring gasket

Catalvst pallets

.. Cotalyst reaction
chamber

™. Flash arrester 1o
prevent explosion
Gas Puk disposable
hydrogen and carbon
dioxide generator
etivelop

™~ GasPok digposable
ungerobic indicator
=~ Culture plates

contains an atmosphere of Hy, CO,, and N,. Culture meflia are placed within the
chamber by means of an air lock which can be evacuated and refilled with N,.
From the air lock the media are placed within the main chamber. Any O, in the
media is slowly removed by reaction*with the H,, forming water; this reaction is
aided by a palladium catalyst. After being rendered oxygen-free. the media are
inoculated within the chamber (by means of the glove ports}) and incubated (alse
within the chamber).

amaerobic jar
Nonstringent anaercbes can be cultured within an BT such as that

depicted in Fig. 6-6. Inoculated media are placed in the jar along with an H, +
CO, generating system. After the jar is sealed, the oxygen present in the atmo-
sphere within the jar, as well as that dissolved in the culture medium,. is
gradually used up through reaction with the hydrogen in the presence of a
catalyst, -

For most bacteria the optimum pH for growth lies between 6.5 and 7.5, ard the
limité gérierally lie somewhere between 5 and 9. However, a few bacteria prefer
imore extreme pH values for growth. For example, Thiobacillus thicoxidans has
an optimuim pH of 2.0 to 3.5 and can grow in a range between pH 0.5 and 6.0.
On the othier hand, an unclassified bacterium isolated from an alkaline spring in

' Californiaswas found to grow best at a pH of 9.0 to 9.5 and could grow within

araoge from 8.0 to 11.4:
When bacteria are cultivated in a medium originally adjusted to a given pH.
for example, 7.0, it is very likely that this pH will change as a result of the

- chemieal dctivities of the organism. If a carbohydrate is present it may be

fermented or oxidized to organic acids, thus decreasing the pH of the medium.
If the salt of an organic acid is supplied as a carbon source {e.g., sodium malatel
its oxidation by bacteria will cause an increase in pH. Such shifts in pH me¥
be so great that further growth of the organism is eventually inhibited.
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119 Heproduction and Growth

in & very small daughter cell (termed a minicell } which lacks DNA and therefore
cannot multiply.)
3 How does the completion of DNA replication initiate septum formation?

It is apparent from these and other questions that although transverse binary
fission may be a primitive means of reproduction compared to that which occurs
in eucaryotes, it is by no means a simple process; rather, it is the result of a
precisely orchestrated series of interdependent events, many of which are not
yet completely undersicod. :

The most common means of bacterial reproduction is binary fission; one cell
divides, producing two cells. Thus, if we start with a single bacterium, the
increase in population is by geometric progression:

12522523 26595 _ gn

where n = the number of generations. Each succeeding generation, assuming
no cell death, donbles the population. The total population N at the end of a
given time period would be expressed . 3

N=1x2n» (1)

However, under practical conditions, the number of bacteria N, inoculated at
time zaro is not 1 but more likely several thousand, so the formula now becomes

N =Ny x 20 (2)
Solving Eq. (2) for. n, we have
log;oN = logsoN, + n log,s2

& iy logyo N — logyoNp (3)
loge2
e in segre- If we now substitute the value of logy, 2, whxch i8 0.301, in the above equation,
m, showing : we can simplify the squation to
n). (The _ logioN — log;oNo
o the meso- = 0.301
roscopy of n = 3.3 (logwN — logycNy) (a)
nucleoid
1 begins to- Thus, by use of Eq. (4), we can calculate the number of generations that have
attachment - taken place, providing we know the initial population and the population after
= i o e,
Chernl ¥ermal Growth Cycle Assume that a single bacterium has been inoculated into a flask of liquid culture
{ﬁmﬂh Carve) of medium which is subsequently incubated. Eventually the bacterium will un-
Ton axiats _ dergo binary fission and a period of rapid growth will ensue in which the cells
e e multiply at an exponential rate. During this period of rapid growih, if we used
o e the theoretical number of bacteria which should be present at various intervals
18 call-why of time and then plotted the data in.two ways (logaritbm of number of bactezia
coli and B. ind arithmetic number of bacteria versus time), we would obtain the curve

ole, resulting g10wn in Fig. 7-6. Here, the population increases regularly, donbling at regular
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14 yeelse [H% et
¥ §-n Pt 1 't
‘-‘?az‘rnﬁ i ';.
.f-g g S
s ot Rd Figure 7-8. Typical bacte-
= rial growth curve. A, lag
2 phase; B, log (logarith-
A TR mic), or exponential,
atooinheRgar laitotsed 1 sendn aen e | phase; C, stationd¥¥si 177
L el TR R phase; D, death or de-
'L e bkl | g b 1 cline phage. :

time intervals. (the generation time} during ifcubation. However, éxponential
ific portioni of the growth cyclé of a ‘population.

sumnitigthat orid:bacterialih - 'Pedlity, WHish Wl tha&uRets ¥ rdsh théBfiifH: With a given number of cells,
camunmwfnwmas:--w_amﬁﬁ B Bucteral Bogilstion itihittnag during an {ncubation period

dium-and divisions occur

of 24 h (M sF Teda), W 1ot tHY TogiHiMS 3f the number of cells versus

tegularly at 30-min Intervals  time, we obtaifi a curve'of the type illustrated in Fig. 7-6. From this if-can be

(deneration tme). _ _ __

= logarithm-of mumberof - . yuym ae is an, in
bactaria versus times 1. - ﬁ%ﬂé’) follbwed by raiit

= arithmetic number of
bacteria versus time,

Tﬁe Lag Phase

s ger ol

The Logarithmiie or
Exponential Phase -

!

seen that there is an ini

tial period of what appears to bé no growth (the lag
A T 10w 5%’3?& fiéhitial or logarithmic phase), then

‘BT (Staliofi 3. A Enalli & Fétline in the viable population
(deathy OF declime phase). Betwesn each of these phases there is a transitional
period:(curved portion). This re esents the time required before all cells:enter
the new phase. Let ii§'ekamifit’What happens fo the bacterial cells during each
of the phases.of the growth curve.

The addition of inotulum to a new medium is not followed immediately by a
doqlggn'g‘ of the, population, Instead the population remains temporaril . un-
chiariged, a illustrg ed.in Flg 7-6/ ﬁt‘itﬂﬁgdnes not mean that the cells are
quiescent, or donﬁnn‘{. on’the contrary, during this stage the: individual cells
inciease-} '-'Ef’zér’b_eyond their normal dimensions. Physiologically they are very
- activé aiid are synthesizing new protaplasm. The bacteria in: this. new: environ-
mient may bé déficient in enzymes or coenzymes which must first be synthesized
in_amqunts. required. for, optimal pperation. of the chemical machinery. of the
: caﬁ..r'rinie.t?gl‘ﬂﬂfuslffﬂm% in the; physical, efivitonment- around eack cell may
Be foquired.. The ofganisins aré metabo zing, but there it a lag tn cell division.
At the end of the lag phase, each organism d deés:- However, since not all
organisis complete, the lag perlod:sirmulteneoualy, thers s e gradual neress
T IS Boplatis _iiﬁﬁi,'"iﬁiig?ﬂf of thif' peridd, when all Eﬁﬂ?;}fp??c]'gpﬁfﬁé' ﬁ
" dividing régéﬂl‘alrinléi‘vﬂi his Sl N i e

£ AR [ 0 i

3

3]
#
gt

okt a rabLpint ilinganyra ac g gigit o e il 1yl
vy - ng'this pe otk the cells:divide:steadily at a-constant rate, and the log of the
i - number:oficells’ plotted against time résuits-ir: &-straight line {Figs.. 7-5 and 7-
. 6)i:Moreover; the poptiation is most nearly: uniform in terms of chemical com-
position of cells, metabdlic activity, and other physiological characteristics.
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Reproduciion and Growth

Table 7-1. Generation Times of Several Species of Bacteria

Bacterium Medium Temperaturs, *C Generation Time, min
Escherichia coli Milk 37 12 B
i Broth 37 17
. Bacillus thermophilus Broth 55 18.3
Streptococcus lactis Milk. 37 S P
Lactose broth a7 48
Staphylococcus uureus Broth 37 2730 2
Bacillus mycoides Broth 37 28 .
* Lactobacillus acidophilus Milk a7 86~87
Bradyrhizobium japonicum Mineral salts + yeast 25 344481,
¢ extract + mannito} i
Mycobacterium tuberculosis Synthetic 37 792-932
pailidum Rabbit testes 37 1,980 °
eyt
ipeatar, fed,): Handboak of Biological Data, table 75, Ssunders, Phi

i

| i?:‘fpf”mﬁm

time; """
bentid t

ladelphis, 1956.

SR [ARREY TR Y

The mperatiqntiqma [thﬁ.ti';i‘lﬂ'!‘:?ggirgd for \he population to double) can be
determinad frat 'the number of :geperations n. that occur-in a particular time
- -‘H!%%Jﬁ' for n..the. generation time can be calculated by the
WIRE i Vvt i R b

B i !
BTN T 33 logelN ~ 1ogNg) =

Not all bacteria have the same generation time; for some, such as E. coli, it
may be 15 to 20 minutes; for others it may be’ many hours (see Table 7-1).
Similarly, the generation. time is not the same for a particular spacies under all
conditions. It is strongly dependent upan the nutrients in the medium and on
prevailing physical ‘conditions, such as thase outlined in Chap. 6.

During exponential ‘growth, the growth rate-(i'e., the number of generations
per hour), termed R, is thé‘reciprocal of .the generation time g. It is also the
s_lh'p?'ﬁfthe' straight Jine 6!:tginq4s{1;apthelog nitmber of cells is plotted against

4

LT g L 33l N < logoNy) N = TogaNe) )

You may ask how thjs growth: rate can remain. constant during the logarithmic

 phasgiof grawth even.though the cancentration.of substrate (i.e., some essential

nutrieat. in the: culture. medium,  usually. the. carbon and energy source) is con-

. tiaually-decreasing thraugh utilizatian by the organisms. To understand this,

onguLstirecognize that the relationship between R and substrate concentration

is not-a simple linear; yelationship, as shown:-in: Fig. 7-7. When the substrate

- concentration is high; a changs in-the:concentration has very little effect on the

powth rale, It is anly when the substrate concentration becomes quite low that
the:growth rate. begins to. decrease: significantly.Since bacteria are commonly
“overfed” in laboratory culture, (i.e., are;supplied with far greater substrate
roncentrations then they need), they can multiply at a constant éxponential rate
fg:m-mng genwrationg: before;the substrate level becomes:low enough-to-affect
hismte. v e toar o o i Sy W LTRaD Al
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Figure 7-7. The effect of nu-
trient (substrate) concentra-
tion upon the growth rate of
a bacterial culturs. The level
of substrate commonly pro-
vided in a bacterial culture
is sufficiently high (right
portion of curve) so that,
even though the bacteria use
up some substrate during
the log phase of growth, the
growth rate does not de-
crease appreciably. It is only
when substrate levels be-
come very low (left portion
of curve) that the growth
rate begins to be severely af-
fected.

The Stationary Phase

The Phase of Decline
or Death

Transitional Periods
Between Growth Phases

MICROORGANISWS—BACTERIA

2rowth rate

! 1 i L i (N
>

Substrate concentration

A microbiologist must be able to calculate growth mtes and generation times.
For example, it is often essential to predict how léng it will take a certain
population to grow to a given level. An appreciation of the full meaning of the
normal growth curve is also necessary; it must be understood that during some
phases of gtowth the cells are young and actively metabolizing while during
others they are dying, so that there may be enormous structural and physiolog-
ical differentes between cells harvested at different times. Physical conditions
and chemical substances may also affect organisms differently during different
phases. Because, in genaral, cells in the logarithmic phase of growth are the
most uniform &nd are in a more clearly defined condition than in any other
phase, log-phase cultures are commonly used for studies of microbial metabo-
lism,

-The logarithmic phas;e of growth begins to :taper off after several hours, again in

a gradual fashion represented by the transition from a straight line through a
curve to another straight line, the stationary phase, as shown in Fig. 7-6. This
trend toward cessation of growth can be attributed to a variety of circumstances,
particularly the exhaustion of some nutrients, and, less often, the production of
toxic products during growth. The population remains constant for a time,
perhaps as a result of complete cessation of division or perhaps because the
reproduction rate is balanced by an equivalent death rate.

Following the stationary phadse the bactetia may die faster than new cells are
produced, if indeed some cells are still reproducing. Undoubtedly a variety of
conditions contribute to bacterial death, but thie most important are the depletion
of essential mutrients and the accumulation of inhibitory products, such as acids.
During the death phase, the number of viable' cells decreases exponentially,
essentially the inverse of growth during the log phase. Bacteria die at different
rates, just as they grow at different rates. Some species of Gram-negative cocci
die very rapidly, so that there may be very few viable cells left in a culture after
72 h or less. Other species die so slowly that viable cells may persist for months
OF even years.

Note that a culture proceeds gradually from one phase of growth to the next
(Fig. 7-6). This means that not all the cells are in an identical physiological

§
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Corrosion; of s iron. pipe. by, Desulfavibrio, spp:.is a major probleny fxy iy’
species.is likewise-a serious and, costly: problem..
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-The international. tveffic; of| oil, in supestankers; with the occasional accidenti
that resuit in huge,oil spills, hes ereated: a-mejor threat to the envirenment.
do we: clean .up.the.oil?.One-approach is to inoculate the spill area with'sy
microorganism that has the ability to degrade petroleum oil. This concept ha
- béen enhanced: by genetically, engineering aspecies of Pssadomotias: putiddil§
that it has;the capacity, to metabolize the four major hydrocarbons of petroleusi
camphor, octane, xylens, .and naphthalene.. A-bacterium wit: this metaboli
capability.made-legal history-by being the first genetically engineered microoé
ganism ever patented.
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