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• Crecimiento individual: aumento en tamaño y masa que 
precede a la división celular.

• Crecimiento poblacional: aumento en el número de 
células.

Fisión binaria observada al microscopio electrónico



Proceso de fisión binaria

1. replicación de cromosoma y 
plasmidios

2. aumento de tamaño de la 
célula

3. segregación de cromosoma y 
plásmidos a células hijas  

4. síntesis de materiales de las 
envolturas bacterianas

5. división celular: formación del 
tabique o septum que 
separa las células hijas 

6. resultado: dos células  
idénticas o clonales



Fase B: período entre el nacimiento de la célula y el inicio de la 
replicación del DNA Cromosómico 

Fase C: período entre el inicio y el término de la replicación 

Fase D: período entre el término de la replicación y la finalización de la 
división celular

Etapas del ciclo celular procarionte

Haeusser & Levin, 2008



En la fase D, hay:
• Crecimiento de la Pared Celular
• Formación de tabique o septum

Ambos dependen de la actividad controlada y localizada de 
diversas enzimas.



Crecimiento (síntesis) de la Pared Celular

Gram positivo

Incluye:
1.- Biosíntesis de peptidoglicán (PG)
2.- Biosíntesis de  ácidos teicoicos
3.- Biosíntesis de lipopolisacárido (LPS)

Gram negativo



1.- Biosíntesis del Peptidoglicán (PG)
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UNIT 1

Figure 5.8 Peptidoglycan synthesis. (a) Transport of peptidoglycan precursors across the cytoplasmic membrane to the 
growing point of the cell wall. Autolysin breaks glycolytic bonds in preexisting peptidoglycan, while transglycosylase synthesizes 
them, linking old peptidoglycan with new. (b) The transpeptidation reaction that leads to the final cross-linking of two 
peptidoglycan chains. Penicillin inhibits this reaction.
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II t Population Growth

Recall that microbial growth is defined as an increase in the 
number of cells in a population. So we now move on from 

Plotting Growth Data
A growth experiment beginning with a single cell having a gen-
eration time of 30 min is presented in Figure 5.9. This pattern 
of population increase, where the number of cells doubles in 
a constant time interval, is called exponential growth. When 
the cell number from such an experiment is graphed on arith-
metic (linear) coordinates as a function of time, one obtains a 
curve with a continuously increasing slope (Figure 5.9b). By 
contrast, when the cell number is plotted on a logarithmic 
(log10) scale as a function of time (a semilogarithmic graph), 
as shown in Figure 5.9b, the points fall on a straight line. This 
straight-line function reflects the fact that the cells are grow-
ing exponentially and the population is doubling in a constant 
time interval.

Transpeptidation is medically noteworthy because it is the reac-
tion inhibited by the antibiotic penicillin. Several penicillin-binding 
proteins have been identified in bacteria, including FtsI (Figure 
5.2a). When penicillin is bound to penicillin-binding proteins, the 
proteins are inactivated. In the absence of transpeptidation in an 
otherwise growing cell, the continued activity of autolysins (Figure 
5.8) so weakens the peptidoglycan that the cell eventually bursts.

MINIQUIZ
t� 8IBU�BSF�BVUPMZTJOT�BOE�XIZ�BSF�UIFZ�OFDFTTBSZ 
t� 8IBU�JT�UIF�GVODUJPO�PG�CBDUPQSFOPM 
t� 8IBU�JT�USBOTQFQUJEBUJPO�BOE�XIZ�JT�JU�JNQPSUBOU 

Transpeptidation
The final step in cell wall synthesis is transpeptidation. Trans-
peptidation forms the peptide cross-links between muramic acid 
residues in adjacent glycan chains (  Section 2.10 and Figures 
2.25 and 2.26). In gram-negative bacteria such as Escherichia coli, 
cross-links form between diaminopimelic acid (DAP) on one pep-
tide and -alanine on the adjacent peptide. Although there are 
two -alanine residues at the end of the peptidoglycan precursor, 
only one remains in the final molecule as the other is removed 
during transpeptidation (Figure 5.8b). This reaction is exergonic 
(energy-releasing,  Section 3.4) and supplies the energy neces-
sary to drive transpeptidation forward. In E. coli, the protein FtsI 
(Figure 5.2a) functions as a transpeptidase.

considering the growth and division events in an individual cell to 
consider the dynamics of growth in bacterial populations.

5.5  Quantitative Aspects  
of Microbial Growth

During cell division, one cell becomes two. During the time that it 
takes for this to occur (the generation time), both total cell num-
ber and mass double (Figure 5.1). As we will see, cell numbers in 
a growing bacterial culture can quickly become very large, and so 
we turn our attention here to dealing with these large numbers in 
a quantitative manner.

1. Monómeros se sintetizan en el citoplasma (enzimas citoplasmáticas). 
2. Se exportan a través de la membrana citoplasmática (bactoprenol: 

transportador lipídico).
3. Y se unen a una estructura preexistente (enzimas extracelulares).

G (NaG): N-acetil glucosamina 

M (NaM): ác. N-acetil murámico

Puentes Tetrapéptidos (unido a NaM)



• La polimerización de subunidades de PG es realizada por reacciones 
de transpeptidación y transglucosidación

• Las proteínas más importantes involucradas en el ensamblaje del PG 
son las “proteínas que unen penicilinas” (PBP o “penicillin binding 
protein”):

• PBPs clase A pueden actuar como transglucosidasas o como 
transpeptidasas

• PBPs clase B participan exclusivamente como transpeptidasas

Enzimas involucradas en la biosíntesis del PG
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Figure 5.8 Peptidoglycan synthesis. (a) Transport of peptidoglycan precursors across the cytoplasmic membrane to the 
growing point of the cell wall. Autolysin breaks glycolytic bonds in preexisting peptidoglycan, while transglycosylase synthesizes 
them, linking old peptidoglycan with new. (b) The transpeptidation reaction that leads to the final cross-linking of two 
peptidoglycan chains. Penicillin inhibits this reaction.
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The final step in cell wall synthesis is transpeptidation. Trans-
peptidation forms the peptide cross-links between muramic acid 
residues in adjacent glycan chains (  Section 2.10 and Figures 
2.25 and 2.26). In gram-negative bacteria such as Escherichia coli, 
cross-links form between diaminopimelic acid (DAP) on one pep-
tide and -alanine on the adjacent peptide. Although there are 
two -alanine residues at the end of the peptidoglycan precursor, 
only one remains in the final molecule as the other is removed 
during transpeptidation (Figure 5.8b). This reaction is exergonic 
(energy-releasing,  Section 3.4) and supplies the energy neces-
sary to drive transpeptidation forward. In E. coli, the protein FtsI 
(Figure 5.2a) functions as a transpeptidase.

considering the growth and division events in an individual cell to 
consider the dynamics of growth in bacterial populations.

5.5  Quantitative Aspects  
of Microbial Growth

During cell division, one cell becomes two. During the time that it 
takes for this to occur (the generation time), both total cell num-
ber and mass double (Figure 5.1). As we will see, cell numbers in 
a growing bacterial culture can quickly become very large, and so 
we turn our attention here to dealing with these large numbers in 
a quantitative manner.



• Otro grupo importante son enzimas que hidrolizan uniones específicas 
del PG llamadas autolisinas (PGHs) .

• Se requiere la acción de autolisinas para insertar nuevas subunidades 
de PG durante crecimiento de la pared celular y en la separación de 
las células hijas en la división celular.
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Figure 5.8 Peptidoglycan synthesis. (a) Transport of peptidoglycan precursors across the cytoplasmic membrane to the 
growing point of the cell wall. Autolysin breaks glycolytic bonds in preexisting peptidoglycan, while transglycosylase synthesizes 
them, linking old peptidoglycan with new. (b) The transpeptidation reaction that leads to the final cross-linking of two 
peptidoglycan chains. Penicillin inhibits this reaction.
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Enzimas involucradas en la biosíntesis del PG
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Mg2+ for eventual transport into the cell. Certain teichoic acids 
are covalently bound to membrane lipids, and these are called 
lipoteichoic acids. Figure 2.27 summarizes the structure of the cell 
wall of gram-positive Bacteria and shows how teichoic acids and 
lipoteichoic acids are arranged in the overall wall structure.

Although most prokaryotes cannot survive in nature without 
their cell walls, some do. These include the mycoplasmas, patho-
genic bacteria related to gram-positive bacteria that cause several 
infectious diseases of humans and other animals, and Thermo-
plasma and its relatives, species of Archaea that naturally lack cell 
walls. These organisms are able to survive without cell walls  
because they either contain unusually tough cytoplasmic mem-
branes or because they live in osmotically protected habitats such as 
the animal body. Most mycoplasmas have sterols in their cytoplas-
mic membranes, and these molecules function to add strength and 
rigidity to the membrane as they do in the cytoplasmic membranes 
of eukaryotic cells. Thermoplasma membranes contain molecules 
called lipoglycans that serve a similar strengthening function.

MINIQUIZ
t� Why do bacterial cells need cell walls? Do all bacteria have cell 

walls?
t� Why is peptidoglycan such a strong molecule?
t� What does the enzyme lysozyme do?

2.11 LPS: The Outer Membrane
In gram-negative bacteria, only a small amount of the total cell wall 
consists of peptidoglycan, as most of the wall is composed of the 
outer membrane. This layer is effectively a second lipid bilayer, but 
it is not constructed solely of phospholipid and protein, as is the 
cytoplasmic membrane (Figure 2.15). Instead, the outer membrane 
also contains polysaccharide, and the lipid and polysaccharide are 
linked to form a complex. Because of this, the outer membrane is 
often called the lipopolysaccharide layer, or simply LPS for short.

Chemistry and Activity of LPS
The structure of LPS from several bacteria is known. As seen 
in Figure 2.28, the polysaccharide portion of LPS consists of two 
components, the core polysaccharide and the O-specific polysac-
charide. In Salmonella species, where LPS has been well studied, 
the core polysaccharide consists of ketodeoxyoctonate (KDO), 
various seven-carbon sugars (heptoses), glucose, galactose, and 
N-acetylglucosamine. Connected to the core is the O-specific 
polysaccharide, which typically contains galactose, glucose, 
rhamnose, and mannose, as well as one or more dideoxyhexoses, 
such as abequose, colitose, paratose, or tyvelose. These sugars are 
connected in four- or five-membered sequences, which often are 
branched. When the sequences repeat, the long O-specific poly-
saccharide is formed.

The relationship of the LPS layer to the overall gram-negative 
cell wall is shown in Figure 2.29. The lipid portion of the LPS, 
called lipid A, is not a typical glycerol lipid (see Figure 2.14a), but  
instead the fatty acids are connected through the amine groups 
from a disaccharide composed of glucosamine phosphate. The 
disaccharide is attached to the core polysaccharide through KDO 

Many gram-positive bacteria have acidic molecules called 
teichoic acids embedded in their cell wall. The term “teichoic 
acids” includes all cell wall, cytoplasmic membrane, and capsular 
polymers composed of glycerol phosphate or ribitol phosphate. 
These polyalcohols are connected by phosphate esters and typi-
cally contain sugars or -alanine (Figure 2.27b). Teichoic acids 
are covalently bonded to muramic acid in the wall peptidoglycan. 
Because the phosphates are negatively charged, teichoic acids 
are in part responsible for the overall negative electrical charge 
of the cell surface. Teichoic acids also function to bind Ca2+ and 
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Figure 2.27 Structure of the gram-positive bacterial cell wall. (a) Schematic  
of a gram-positive rod showing the internal architecture of the peptidoglycan 
“cables.” (b) Structure of a ribitol teichoic acid. The teichoic acid is a polymer of the 
repeating ribitol unit shown here. (c) Summary diagram of the gram-positive bacterial 
cell wall.

Los ácidos teicoicos incluyen todos los componentes de la pared celular, 
de la membrana citoplasmática, y polímeros capsulares compuestos de 
glicerol fosfato o ribitol fosfato.



Las subunidades completas de los ácidos teicoicos se sintetizan en la 
membrana celular (en portadores lipídicos) antes de su transporte e 
inserción a la pared celular preexistente.

2.-Síntesis de ácidos teicoicos

Chembiochem. 2010 Jan 4; 11(1): 35–45.



3.-Síntesis del lipopolisacárido

Lipopolisacárido (LPS):

Endotoxina
(lípido A)

Unidad repetida de polisacárido
(Antígeno O)

“Core”
Oligosacárido central



Las regiones del lípido 
A-core y el AgO se 
sintetizan de manera 
independiente en la 
cara citoplasmática de 
la membrana interna, y 
luego  son traslocados 
al hacia la cara 
periplasmática.

3.-Síntesis del lipopolisacárido

https://www.edwinvanbloois.com/2018/10/14/structural-basis-for-lps-insertion/

• La vía de Lpt
media la 
exportación 
del LPS
• El PG sirve de 

andamio para 
el montaje 
del LPS

Exportación del 
LPS a ME

Síntesis del lípido A-core

Síntesis del 
Antígeno O 



El comienzo de la tabicación requiere 
2 señales:

1.- Término de replicación 
cromosomal y las copias hijas 
separadas en extremos opuestos.  

2.-La célula debe haber alcanzado 
una longitud umbral.

Formación del tabique transversal o septum

http://textbookofbacteriology.net/



Fts (“filament forming 
temperature sensitive”): son 
proteínas bacterianas 
esenciales para la división 
celular. 
Ø FtsZ, es clave en el proceso 

de fisión binaria. 
Está relacionada con 
tubulina (eucarionte).

Las proteínas Fts interactúan 
en la célula para formar un 
aparato de división llamado 
divisoma. 

Formación del tabique transversal o septum



• En bacilos, la formación del 
divisoma comienza con la unión 
de moléculas de FtsZ en la cara 
citoplasmática de la membrana 
celular, formando un “anillo 
citocinético”

• El anillo se forma en el espacio 
entre los nucleoides duplicados 
(los nucleoides bloquean la 
formación del anillo FtsZ). 

• Este anillo está ubicado 
alrededor del centro de la célula 
y se convertirá en el tabique de 
división, que se mantiene hasta 
que la célula duplique su 
longitud original.

Formación del tabique transversal o septum



• Los polímeros de Fts se 
contraen traccionando las 
envolturas bacterianas al 
interior, FtsZ además activa 
autolisina específica de 
septum.

• La división de la bacteria por 
fisión binaria simétrica se 
logra gracias a la 
invaginación de la 
membrana celular y del 
peptidoglicán en el centro 
de la célula madre.           

Fisión binaria

“Wall bands”: Zona de unión entre el 
PG de la célula madre y el PG en 
formación
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Once in the periplasm, bactoprenol interacts with enzymes 
called transglycosylases that insert cell wall precursors into the 
growing point of the cell wall and catalyze glycosidic bond for-
mation (Figure 5.8). Prior to this, small gaps in the existing pep-
tidoglycan are made by enzymes called autolysins, enzymes that 
function to hydrolyze the bonds that connect N-acetylglucos-
amine and N-acetylmuramic acid in the peptidoglycan backbone. 
New cell wall material is then added across the gaps (Figure 5.8a). 
The junction between new and old peptidoglycan forms a ridge 
on the cell surface of gram-positive bacteria that can be observed 
as a wall band (Figure 5.6b). It is essential that peptidoglycan syn-
thesis be a highly coordinated process. New tetrapeptide units 
must be spliced into existing peptidoglycan immediately after 
autolysin activity in order to prevent a breach in peptidoglycan 
integrity at the splice point; a breach could cause spontaneous cell 
lysis, called autolysis.

Caulobacter, proteins similar to crescentin have been found in 
other helically shaped cells, such as Helicobacter, a pathogenic 
bacterium (  Section 29.10). This suggests that these proteins 
may be necessary for the formation of curved cells.

Evolution of Cell Division and Cell Shape
How do the determinants of cell shape and cell division in Bac-
teria compare with those in eukaryotes? Interestingly, MreB is 
structurally related to the eukaryotic protein actin and FtsZ to 
the eukaryotic protein tubulin. Actin forms structures called 
microfilaments that function as scaffolding in the eukaryotic 
cell cytoskeleton and in cell division, whereas tubulin forms 
microtubules that are important in mitosis and other processes 
(  Section 2.22). In addition, the shape-determining protein 
crescentin in Caulobacter is related to the keratin proteins that 
make up intermediate filaments in eukaryotic cells. Intermedi-
ate filaments form part of the eukaryotic cytoskeleton, and genes 
encoding similar proteins have been found in some other Bacte-
ria. It thus appears that several proteins that control cell division 
and the cell cytoskeleton in eukaryotic cells have evolutionary 
roots in the Bacteria. However, with the exception of FtsZ, genes 
encoding homologs of these proteins appear to be absent from 
most Archaea.

MINIQUIZ
t� )PX�EPFT�.SF#�DPOUSPM�UIF�TIBQF�PG�B�SPE�TIBQFE�CBDUFSJVN 
t� 8IBU�QSPUFJO�JT�UIPVHIU�UP�DPOUSPM�UIF�TIBQF�PG�DFMMT�PG�

Caulobacter 
t� 8IBU�SFMBUJPOTIJQT�FYJTU�CFUXFFO�DZUPTLFMFUBM�QSPUFJOT�JO�Bacteria�
JO�FVLBSZPUFT 

5.4 Peptidoglycan Biosynthesis
In cells of all species of Bacteria that contain peptidoglycan, and 
most species do, preexisting peptidoglycan has to be temporarily 
severed to allow newly synthesized peptidoglycan to be inserted 
during the growth process. In cocci, new cell wall material grows 
out in opposite directions from the FtsZ ring (Figure 5.6), whereas 
as we have just seen, in rod-shaped cells, new cell wall grows 
at several locations along the length of the cell (Figure 5.5a). In 
either case, how does new peptidoglycan get made and how does 
it get outside the cytoplasmic membrane, where the peptidogly-
can layer resides?

Biosynthesis of Peptidoglycan
Peptidoglycan can be thought of as a stress-bearing fabric, much 
like a thin sheet of rubber. Synthesis of new peptidoglycan dur-
ing growth requires the controlled cutting of preexisting pepti-
doglycan along with the simultaneous insertion of peptidoglycan 
precursors. A lipid carrier molecule called bactoprenol plays a 
major role in the latter process. Bactoprenol is a hydrophobic C55 
alcohol that bonds to a N-acetylglucosamine/N-acetylmuramic 
acid/pentapeptide peptidoglycan precursor (Figure 5.7). Bactopre-
nol transports peptidoglycan precursors across the cytoplasmic 
membrane by rendering them sufficiently hydrophobic to pass 
through the membrane interior.

Figure 5.6 Cell wall synthesis in gram-positive Bacteria. (a) Localization of 
cell wall synthesis during cell division. In cocci, cell wall synthesis (shown in green) 
is localized at only one point (compare with Figure 5.5a). (b) Scanning electron 
micrograph of cells of Streptococcus hemolyticus showing wall bands (arrows).  
A single cell is about 1 μm in diameter.
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Figure 5.7 Bactoprenol (undecaprenol diphosphate). This highly hydrophobic 
molecule carries cell wall peptidoglycan precursors through the cytoplasmic 
membrane.
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