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O In terms of optimum temperatures, leaching bacteria can be

classified as:

Cryophiles <20°C

Mesophiles 20—40°C
Moderate thermophiles 40—-55°C
—xtreme thermophiles 60—85°C
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Cryophiles <20°C

Mesophiles 25—-40°C
Moderate thermophiles 40-55°C
Extreme thermophiles 60—85°C

(AMesophiles

e

https://www.sciencephoto.com/keyword/mesophilic-bacteria
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O Microorganisms are divided into seven types:

1. Bacteria

2. Archaea

3. Protozoa

4. Algae

5. Fungi

6. Viruses

7. Multicellular animal parasites (helminths)

U Each type has a characteristic cellular composition, morphology,
mean of locomotion, and reproduction.
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O Prokaryotes are orga?sms\whose cells lack a nucleus
and other organelles.

d Prokaryotes are divided into two distinct groups: the
bacteria and the archaea, which scientists believe have
unique evolutionary lineages.

 Most prokaryotes are small, single-celled organisms
that have a relatively simple structure.
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O eukaryote, any cell or organism that possesses a clearly
defined nucleus.

d The eukaryotic cell has a nuclear membrane that
surrounds the nucleus, in which the well-defined
chromosomes (bodies containing the hereditary
material) are located.

d The four types of eukaryotes are protists, fungi, plants
and animals.
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Differentiate bacterial species
T

O Being able to differentiate bacterial species is important for a host of
reasons, from diagnosing infection or checking food safety, to
identifying which species it is that gives a cheese it’s fantastic
character.

d Bacterial species, and even specific strains can be differentiated
using a number of molecular techniques such as PCR, quantitative
PCR, genome sequencing and mass spectrometry.

 But even without getting into the molecular nitty gritty, there are
phenotypic differences between groups of bacteria that can be used

to differentiate them.
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PCR (Polymerase chain reaction)
e |

a /Pmase chain reaction (PCR) is a method widely used to rapidly
make millions to billions of copies (complete copies or partial
copies) of a specific DNA sample, allowing scientists to take a very
small sample of DNA and amplify it (or a part of it) to a large
enough amount to study in detail.

d PCR was invented in 1983 by the American biochemist Kary Mullis

at Cetus Corporation.
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Differentiate bacterial species
T

O This includes characteristics like their shape (bacilli vs cocci for
example), growth in particular nutrients and preference for high or
low oxygen environments.

d Depending on the characteristic being studied, bacterial species
may be broken down into broad groups, but taken together this
information can narrow the possible identities greatly.

1 One such useful classification - if a bacterium is Gram positive or

Gram negative - is based on the structure of bacterial cell walls.

Bacillus - Bacilli Coccus = Cocci
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Gram positive vs Gram negative bacteria
/ \\//

Gram positive bacteria Gram negative bacteria

Distinctive purple appearance Pale reddish color after gram

after gram staining staining

Bacteria include all Bacteria include enterococci,
staphylococci, all streptococci salmonella species and

and some listeria species pseudomonas species

Thick peptidoglycan layer Thin peptidoglycan layer

Outer lipid membrane

No outer lipid membrane
present

No O-specific side chains

present O-specific side chains present

Teichoic and lipoteichoic Teichoic and lipoteichoic
acids present acids not present
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Figure 3. General Structure of Salmonella LPS. Glc = glucose; GlcNac = N-acetyl-
glucosamine; Gal = galactose; Hep = heptose; P = phosphate; Etn =
ethanolamine; R1 and R2 = phoshoethanolamine or aminoarabinose. Ra to Re
indicate incomplete forms of LPS. The Rd2 phenotype (not shown) would have
only a single heptose unit. The Rc, Rd2, and Rd1 mutants lack the phosphate

group attached to Hep.
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Difference in structure of Gram positive vs Gram
negative bacteria

d The diagram below illustrates the differences in the
structure of Gram positive and Gram negative bacteria.

d The two key features that lead to the differing
visualization properties of Gram positive and Gram
negative species are the thickness of the peptidoglycan
layer and presence or absence of the outer lipid
membrane.

 This is because the wall structure affects the cell’s
ability to retain the crystal violet stain used in the Gram
staining procedure which can then be visualized under
a light microscope.
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Gram positive vs Gram negative bacteria
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GRAM [+) CELL-WALL GRAM [-] CELL-WALL

Teichoic acid Lipoteichoic acid

\ / \ O-specific side Porin
\ / \ . chains
L= \
X ‘l g |‘| [ }Lipopolysaccharide
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\. Periplasmic space
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Gram positive vs Gram negative bacteria

TPhor):@r@%.,a-n-yfffa/class of proteins wMough to allow

e passage of small ions and molecules) through cellular membranes.
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O Braun's lipoprotein (BLP, Lpp, murein lipoprotein, or major outer membrane
lipoprotein), found in some gram-negative cell walls, is one of the most abundant
membrane proteins.

O its molecular weight is about 7.2 kDa.

O BLP tightly links the two layers and provides structural integrity to the outer

membrane.

JsF e &S (ol () lid Gensd b G iee eansed LPP BLP) sl g e U
Cewl plae lacuiSgn o Fololy8 51 (S wad oo 8L ke 0,5 Jolw slao,lgo
AiS oo ml B 1) Gy slid g lEle (S LS 5 oS e Jale o 4 oSxe |, Y 50 BLP O



Difference in structure of Gram positive vs Gram
negative bacteria

Gram positive bacteria have a thick peptidoglycan layer and no
outer lipid membrane whilst Gram negative bacteria have a thin
peptidoglycan layer and have an outer lipid membrane.

As Gram positive bacteria lack an outer lipid membrane, when
correctly referring to their structure rather than staining
properties, are termed monoderms.

The outer lipid membrane possessed by Gram negative bacteria
means that, when referring to their physical structure, they are
termed diderms.

The Gram staining technique was developed in 1884 by Danish
bacteriologist Hans Christian Gram.

Whilst a Gram stain will not tell you the specific species you are
looking at, it can be a quick way to narrow down greatly the list
of potential candidates and direct follow-up testing where
necessary.
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Hans Christian Joachim Gram

D/Hmaan Joachim Gram (13 September 1853 - 14 November

1938) was a Danish bacteriologist noted for his development of
the Gram stain, still a standard technique to classify bacteria and
make them more visible under a microscope.

Hans Christian Gram

Born Hans Christian Joachim

Gram
13 September 1853
Copenhagen, Denmark

Died 14 Movember 19338
(aged 85)
Copenhagen, Denmark

Known for Inventing the Gram stain

Scientific career

Fields Bacteriology
Doctoral Japetus Steenstrup
advisor

Hans Christian Gram by Hansen & Weller
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Gram stain

S |
InBerlin, in 1884, Gram developed a method for distinguishing
between two major classes of bacteria.
This technique, known as Gram staining, continues to be a
standard procedure of medical microbiology.
This work gained Gram an international reputation.
The staining method later played a major role in classifying
bacteria.
Gram was a modest man, and in his initial publication he
remarked, "I have therefore published the method, although [ am
aware that as yet it is very defective and imperfect; but it is hoped
that also in the hands of other investigators it will turn out to be
useful.”
A Gram stain is made using a primary stain of crystal violet and a
counterstain of safranin.
Bacteria that turn purple when stained are termed 'Gram-
positive', while those that turn red when counterstained are
termed 'Gram-negative'.
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Gram positive vs Gram negative stain
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Crystal Violet lodine Alcohol Safranin

All Purple All Purple G+ = Purple G+ = Purple
G- = Colorless G- = Red



Safranin

Safrani 50 Safranin O or basic red 2) is a biological stai d in//

istology and cytology. Safranin is used as a counterstain in some
staining protocols, colouring cell nuclei red.
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Gram stain procedure - Preparing a sample

_—

1. Label a clean glass microscope slide with your sample
identification. Ensure you use a pencil as many inks are removed by
the reagents used in the staining procedure.

2. If preparing your slide from a liquid bacterial culture:

d Dab a small drop culture onto the slide using a sterile loop.
Gently smear the droplet in a circular motion into an area of
approximately 1 cm diameter. For very dense cultures it may be
necessary to pre-dilute your culture to ensure individual bacterial
cells can be seen under a microscope following staining.

 If the source material is from a bacterial plate:

1 Resuspend a loop of colony material in sterile phosphate
buffered saline (PBS) and then proceed as for a liquid culture.

3. Once the smear has air dried, pass the smeared slide through a

flame two or three times.

 This kills the microbes in the smear and fixes the sample to the

slide, be careful not to overheat the sample however as this can
distort cellular morphology.
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Gram stain procedure - Gram staining a sample

1. Gently flood the smearwith\crystal violet and leave for 1 minute.

Tilt the slide slightly and gently rinse with tap water or distilled

water.

d Crystal violet is a water-soluble dye which enters the
peptidoglycan layer in the bacterial cell wall.

2. Gently flood the smear with Gram’s iodine and leave for 1

minute. Tilt the slide slightly and gently rinse with tap water or

distilled water. The smear will now appear purple.

1 Gram's iodine solution (iodine and potassium iodide) is added to
form a complex with the crystal violet, which is much larger and
is insoluble in water.

3. Decolorize the smear using 95% ethyl alcohol or acetone. Tilt
the slide slightly and apply the alcohol drop by drop until the

alcohol runs almost clear (5-10 seconds). Immediately rinse with
water to avoid over-decolorizing.
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Gram stain procedure - Gram staining a sample

0 Decolorizer dehydrateWidoglycan layer, shrinking and
tightening it. In Gram positive bacteria, the large crystal violet-iodine
complexes are then unable to penetrate and escape the thick
peptidoglycan layer, resulting in purple stained cells. However, in Gram
negative bacteria, the outer membrane is degraded, the thin
peptidoglycan layer is unable to retain the crystal violet-iodine
complexes and the color is lost.

4. Gently flood with safranin counterstain and leave for 45 seconds. Tilt the
slide slightly and gently rinse with tap water or distilled water.

d Safranin is weakly water soluble and will stain bacterial cells a light red,
enabling visualization of Gram negative cells without interfering with
the observation of the purple of the Gram positive cells.

d 5. Blot the slide dry on filter paper then view the smear using a light-
microscope under oil-immersion.
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Gram positive vs Gram negative color
e |

0 Gram | positive bacteria

O Gram positive bacteria have a distinctive purple
appearance when observed under a light microscope

following Gram staining.

[ This is due to retention of the purple crystal violet stain

in the thick peptidoglycan layer of the cell wall.

d Examples of Gram positive bacteria include all

staphylococci, all streptococci and some listeria species.
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Gram positive bacteria
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/

GRAM POSITIVE

Coccl BACILLI

Corynebacterium
Clostridium
Listeria
Bacillus
Staphylococcus Streptococcus
catalase + catalase -

/Y-her!olytic\

5. aurelus " coagulase - RB-hemolytic a- hemolytic
gL aoC (clear) (green)
' e ) Enterococcus
S. epidermidis S. saprophyticus 7 E. faecalis, _ .
Novobiocin Novobiocin S. pyogenes  S. agalactiae  E. faecium S, pneumoniae Viridans
i . Group A, Group B, optochin sensitiveS. mutans, S. sanguis
sensitive resistant badtrgdn badtrgdn bile soluble optochin resistant
sensitive resistant capsule not bile soluble

(quellung +) no capsule



Gram positive vs Gram negative color
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0 Gram negative bacteria

 Gram negative bacteria appear a pale reddish color
when observed under a light microscope following
(Gram staining.

 This is because the structure of their cell wall is unable
to retain the crystal violet stain so are colored only by
the safranin counterstain.

O Examples of Gram negative bacteria include
enterococci, salmonella species and pseudomonas
species.



o pl S Jlio 3 codo ol 5SS,
i 05 s st U

-

S5l S5, 5l (5598 SN pj eamlive b te o5 slas xSt U
Ngd o b S5 )aS je B ble SO, 4yl S

iy oS0 Laas 4 008 byl Jale ojless il a5 el ol ol opl ode O
Hg o S5, (5l ol aSTud bansgs g by eenes Jliwe S

5 Migallos slacisT oy uSsS5,l Jalis it ol 5 slas S 5l oladises U



Gram positive vs Gram negative color
e |

0 Gram staining cannot be used reliably to assess
bacterial phylogenetic relationships.

d The single membrane of Gram positive species is
thought to be the ancestral state.

 Historically it had been thought that the second
membrane found on Gram negative bacteria evolved
just once and so all Gram negative species were more
closely related to one another than they were to Gram
positive species.

d However, genetic analysis has since shown this not to be

the case and it is likely to have evolved multiple times in
different lineages - a product of convergent evolution.
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Gram positive vs Gram negative bacteria
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Gram-positive Gram-negative
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Gram negative bacteria
\\/
Gram Negative Bacteria

Diplococci Coccobacilli Bacilli Comma-shaped
|
@ ﬁ Oxidase-positive
Aerobic I . I . I
Grows in Grows in Urease
Maltose utilization H: kiflisnzae 42°C alkaline media prOd;lCing
B. pertussis
No Yes Pasteurella C. jejuni V. cholerae H. pylori

N. gonorrhoeae N. meningitidis grm:f:nsi W JJ @%
Moraxella ’ e

Lactose fermenting

Pseudomonas Citrobacter E. coli
. Serratia Klebsiella
|-'2 S-producing Enterobacter
No Yes
Shigella Salmonella

Yersinia Proteus



Gram positive vs Gram negative bacteria
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Gram positive
bacteria

_ =
| Streptococcus
, p pneumoniae
hylo 0
Staphylococdlis Clostridium §
aureus )
botulinum
anthracis
Pseudomonas

aeruginosa

_ ? Micrococcus
reptococcus luteus
pyogenes

Corynebacterium

diphtheriae

Gram negative
bacteria

Neisseria
gonorrhoeae

Spirillum

Neisseria volutans
meningitidis

Treponema

Helicobacter :
palladium

pylori

Escherichia
coli

éQO

Streptobacillus
moniliformis

Vibrio
cholerae




Gram positive vs Gram negative bacteria
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Gram positive Gram negative
bacteria bacteria

Staphylococcus Micrococcus
aureus luteus
Nelss:rla Escherichia
gonorrhoeae coli
Pseudomonas g
botulinum
2 Streptobacillus
HellcobaFter moniliformis
— e
Streptococcus Bacillus
pyogenes anthracis
Vibrio Treponema
cholerae palladium




Gram negative bacteria

Gram negative bacteria

Gonococcus Veillonella Meningococcus Chlamydia

Vibrios Escherichia Helicobacter Spirillum Spirochetes



(Gram positive vs Gram negative bacteria
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Gram Negative Bacteria
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Bacterial cell surface structure
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Figure 1. Bacterial cell surface structure (Hammond ef al., 1984; Hancock, 1991)
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Cytoplasm

Cytoplasm
Nucleus

Cell membrane
Chitin cell wall

Ribosomes
Nucleoid (DNA)

Plasma membrane

Cell wall

Mitochondrion
Vacuole

Capsule

Flagelium

Bacteria (& o5U

Chitin, the second most abundant natural polysaccharide, after cellulose
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DNA (Deoxyribonucleic acid )

O DNA is a polymer compo\sed of two polynucleotide
chains that coil around each other to form a double
helix carrying genetic instructions for the
development, functioning, growth and reproduction of
all known organisms and many viruses.

[ DNA and ribonucleic acid (RNA) are nucleic acids.

d Alongside proteins, lipids and complex carbohydrates

(polysaccharides), nucleic acids are one of the four

major types of macromolecules that are essential for all

known forms of life.



(ol LS g9ty (oS 953) DNA

—
SS90 4 aS Cewl (GaFstlS il 0y g0 5l ISiie (5e0ly DNA U

5 o;&ﬁ:dﬁ}m QSLQW“’K)‘ m Jfl&s&ﬁ.]ﬁj 3 A.a::’) ‘Q’S‘LA.C cd..x..wﬁ_}' LS‘)'? S“uoj

. *

At SalS g glaaw! (RNA) Sl g0, ol g DNA U
(oo ) Bl b)) odummy sbooluee S 5 o) dacpssy s o U

o2 glp a5 e JiSgeg,S e cowes so ke 5 o SealS s ol

S (55955 Ol oasansly IS



=

® . \
‘.\‘t‘... - .i L g ) $ b

R . T A
> e Bt

~of
o~

Sinvis
RN a% 24
§ >~

”f,..’ .}.‘." .i
PORCL e D
~-¥s "’.‘:..V »

rt‘f.\ » o

B e - b

L = D., - 5
.‘f».';.l"l -y e
A __ A

\
- » - . »
/R g'..- (L Lo *‘?. .
- -

L 3
. ] K *—‘ .. ‘\ .- ‘.
5 .\/.—.
'01 ." «‘b:._.'.,o.o)o-' "’L’.‘ i
¢ > -
1 > N

‘a-h-a
»

The structure of the DNA . The in the structure are colour-coded
by and the detailed structures of two are shown in the bottom right.


https://en.wikipedia.org/wiki/Double_helix
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Base_pair

groove= L.

Purine: a
colorless
crystalline
compound
with basic
properties,
forming uric
acid on
oxidation.

Viinor groove

Viajor groove

Pyrimidines

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Purines

Pyrimidine:
a colorless
crystalline
compound
with basic
properties.

B0 sl Lalu g Wbl S5, 6 )l50S jae L LSl jo laedl DNA 4l5 g0 o b Lzl

iloads oolo ylis cunly Cos o L S g0



(daw] S5 gigus y (oS 930) DNA

© Hydrogen
© Oxygen

@ Nitrogen

© Carbon

© Phosphorus

Viinor groove

o
>
o
O
=
(o))
—
2
)
b=

Pyrimidines Purines

T = Thymine

C = Cytosine

G = Guanine



RNA (Ribonucleic acid )
A

d RNA is a molecule similar to DNA.
Unlike DNA, RNA is single-
stranded.

1 An RNA strand has a backbone
made of alternating sugar (ribose)
and phosphate groups.

 Attached to each sugar is one of

four bases: , uracil

(U), cytosine (C), or guanine (G).
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RNA (Ribonucleic acid ) |
0 RNA is a polymeric molecule essential in various

biological roles in coding, decoding, regulation and
expression of genes.

d Like DNA, RNA is assembled as a chain of nucleotides,
but unlike DNA, RNA is found in nature as a single
strand folded onto itself, rather than a paired double
strand.

 Cellular organisms use messenger RNA (mRNA) to
convey genetic information (using the nitrogenous
bases of guanine, uracil, adenine, and cytosine, denoted
by the letters G, U, A, and C) that directs synthesis of
specific proteins.

d Many viruses encode their genetic information using an
RNA genome.
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RNA (Ribonucleic acid )

0 Some RNA molecum an active role within cells by
catalyzing biological reactions, controlling gene
expression, or sensing and communicating responses to
cellular signals.

[ One of these active processes is protein synthesis, a
universal function in which RNA molecules direct the
synthesis of proteins on ribosomes.

O This process uses transfer RNA (tRNA) molecules to
deliver amino acids to the ribosome, where ribosomal

RNA (rRNA) then links amino acids together to form
coded proteins.
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Figure 3.2 Unusually Shaped Bacteria.
Examples of bacteria with shapes quite
different from bacillus and coccus types.

(@) Actinomyces, SEM (X21.,000).

(b) Mycoplasma pneumoniae, SEM
(X62,000). (c) Spiroplasma, SEM

(X 13.000). (d) Hyphomicrobium with hyphae
and bud. electron micrograph with negative
staining. (e) Walsby’s square bacterium.

(e) (f) Gallioneila ferruginea with stalk.




Antony van Leeuwenhoek
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Figure 1.1 Antony van Leeuwenhoek. Leeuwenhoek (1632-1723) and his
microscopes. (a) Leeuwenhoek holding a microscope. (b) A drawing of one of
the microscopes showing the lens, a; mounting pin, b; and focusing screws,

¢ and d. (¢) Leeuwenhoek’s drawings of bacteria from the human mouth.

(b) Source: C. E. Dobell, Antony van Leeuwenhoek and His Little Animals (7932),
Russell and Russell, 1958.
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Louis Pasteur
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Figure 1.3 The Spontaneous Generation Experiment. Pasteur’s
swan neck flasks used in his experiments on the spontaneous
generation of microorganisms.

Figure 1.2 Louis Pasteur. Pasteur (1822-1895) working in his
laboratory.
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Robert Koch

LS

Figure 1.4 Robert Koch. Koch (1843-1910) examining a specimen
in his laboratory.

Lol Hgpin @39 o0 000l 53 &5 Jels (55 pb JbEay oS L (g las


https://fa.wikipedia.org/wiki/%D9%BE%D8%B2%D8%B4%DA%A9
https://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D9%86%D8%B4%D9%85%D9%86%D8%AF
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%85%D8%A7%D9%86%DB%8C%E2%80%8C%D9%87%D8%A7
https://fa.wikipedia.org/wiki/%D8%B3%D9%84

Ferdinand Julius Cohn
— e —

i) 295 gy wiluo s U

515 olgie 4 gl 5l as 0 Sle]I

5 SidameSee ol phlSal
Sy so ok (owlidis XS

o B o o pasd olsl ol U

ol 09,5 o lSil> gunaal

A ba xSl iz glgil




/) The Gram-Staining Procedure
F - )
A0 S e

> (] Note that decolorization with ethanol

Crystal violet for 30 seconds
Water rinse for 2 seconds

, 0 or acetone removes crystal violet from
l Waarroa gram-negative cells but not from
3
- gram-positive cells.

Wash with 05% ethanol or acetone for
10-30 seconds
Water rinse

// ®® d The gram-negative cells then turn
NG

Safranil_'l fior 30-60 seconds . . .

Wate inss and bit pink to red when counterstained with
Do ®
" 4

)
% safranin.



Examples of Gram Staining
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Figure 2.15 Examples of Gram Staining. (a) Gram-positive Clostridium perfringens (X800). Some rods have stained pink rather than purple, as
often happens when gram-positive cells age. (b) Staphylococcus aureus. Gram stain, bright-field microscopy (X 1.000). The gram-positive cocci associate
in grapelike clusters. (¢) Escherichia coli, Gram stain (X500). (d) Neisseria gonorrhoeae. The diplococci are often within white blood cells (X 1.000).



Morphology of a Gram-Positive Bacterium

Inclusion
/ Nucleoid Ribosome bodies Capsule

Plasma
S layer membrane wall

Flagellum

Figure 3.4 Morphology of a Gram-Positive Bacterium. The
majority of the structures shown here are found in all gram-positive
cells. Only a small stretch of surface proteins in the S-layer has been
included to simplify the drawing; when present, these proteins cover
the surface.
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Flagella and Fimbriae

Figure 3.30 Flagella and Fimbriae. The long flagella and the
numerous shorter fimbriae are very evident in this electron micrograph
of Proteus vulgaris (X39,000).



The composition of a bacterial cell SHSL o ol CuS
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70% . . .
Water O Analysis of microbial cell

composition shows that over 95%
of cell dry weight is made up of a
few major elements: carbon,
oxygen, hydrogen, nitrogen, sulfur,
phosphorus, potassium, calcium,
magnesium, and iron.

0 These are called macroelements
or macronutrients because they are
required by microorganisms in
relatively large amounts.

O The first six (C, O, H, N, S, and P)
are components of carbohydrates,
lipids, proteins, and nucleic acids.

30%
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Streptomyces

[ Streptomyces is a genus of Gram-positive bacteria that

grows in various environments, and its shape resembles
filamentous fungi.

d The morphological differentiation of Streptomyces

involves the formation of a layer of hyphae that can
differentiate into a chain of spores.
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Sources of Energy for Microorganisms

O Most microorganisms employ one of three energy sources.

d Phototrophs trap radiant energy from the sun using
pigments such as bacteriochlorophyll and chlorophyll.

d Chemotrophs oxidize reduced organic and inorganic
nutrients to liberate and trap energy.

d The chemical energy derived from these three sources can
then be used in work.
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DAﬁ)phic bacteria synthesize their own food. They
derive energy from light or chemical reactions. They
utilize simple inorganic compounds like carbon
dioxide, water, hydrogen sulfide, etc. and convert them

into organic compounds like carbohydrates, proteins,
etc. to supplement their energy requirements.
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' Heterotrophic bacteria, which include all pathogens,
obtain energy from oxidation of organic compounds.

Carbohydrates (particularly glucose), lipids, and
protein are the most commonly oxidized compounds.
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Temperature and Growth
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Growth rate

Minimum Maximum

/

Figure 6.12 Temperature and Growth. The effect of temperature
on growth rate.

Temperature



Temperature Ranges for Microbial Growth
0 Microorganisms can be placed in different classes based on

their temperature ranges for growth.

 They are ranked in order of increasing growth temperature
range as psychrophiles, psychrotrophs, mesophiles,
thermophiles, and hyperthermophiles.

( Representative ranges and optima for these five types are
illustrated here.
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Temperature Ranges for Microbial Growth
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Figure 6.13 Temperature Ranges for Microbial Growth.
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Effect of Temperature on Bioleaching
Microorganisms

J The Ratkowsky equation is as follows:

I/t =b(T-T_. ) (1—eTTu), (11.1)

d where T is the temperature,

4 t is generally the generation time or the time taken to
reach a specific condition (e.g., the time taken for a
culture to increase its optical density to 0.3 absorbance
units),

A T ., is the theoretical extrapolated minimum
temperature for growth,

A T ., 1is the theoretical extrapolated maximal

temperature for growth, and
b and c are fitting parameters.
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SOD (superoxide dismutase)
[ -
mide dismutase (SOD) is an enzyme that

alternately catalyzes the dismutation (or partitioning)

of the superoxide (O~2) radical into ordinary molecular

oxygen (O,) and hydrogen peroxide (H,O,).
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Catalase
| S ————
m is a heme enzyme that is present in the

peroxisome of nearly all aerobic cells. Catalase converts

the reactive oxygen species hydrogen peroxide to water

and oxygen and thereby mitigates the toxic effects of
hydrogen peroxide.
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Oxygen and Bacterial Growth

0 An illustration of the growth of bacteria with varying
responses to oxygen.

d Each dot represents an individual bacterial colony
within the agar or on its surface.

 The surface, which is directly exposed to atmospheric
oxygen, will be aerobic.

d The oxygen content of the medium decreases with
depth until the medium becomes anaerobic toward the
bottom of the tube.

 The presence and absence of the enzymes superoxide

dismutase (SOD) and catalase for each type are shown.
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Agar
M jelly-like substance consisting of polysaccharides

obtained from the cell walls of some species of red algae,

primarily from ogonori (Gracilaria) and "tengusa"
(Gelidiaceae).
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A plate used to culture bacteria =
and diagnose infection , the most common red algae used
to make agar
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Sulfate-Reducing Bacteria (SRB)

\\

What Does Sulfate-Reducing Bacteria (SRB) Mean?

 Sulfate-reducing bacteria (SRB) are bacteria that can obtain
energy by oxidizing organic compounds or molecular hydrogen
while reducing sulfate to hydrogen sulfide.

(d Most sulfate-reducing bacteria can also reduce other oxidized
inorganic sulfur compounds, such as sulfite,
thiosulfate/elemental sulfur.

 Sulfate-reducing bacteria is the most important microbe for
anaerobic corrosion of buried pipelines in soils.

d SRB can remove molecular hydrogen from the cathode, leading
to cathodic depolarization of the metal surface.

d Iron sulfide or scale by SRB is accumulated on surfaces of metals,
which accelerates the dissolution of the iron.
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Fig. 1. Biological generation of metal sulfide nanoparticles via complexion of sulfide and metal ions with secreted proteins (a), dissimilatory (b), and assimilatory (c) sulfate
reduction mechanisms [5,12,30,43]. ATP: Adenosine triphosphate; ADO: adenosine; PAPS: 3’-Phosphoadenosine-phosphosulfate; SAT: serine acetyltransferase.
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Figure 6. Unstained, ultrathin section transmission electron
micrograph of a mineralized bacterial microcolony from a sulfate-
reducing bacterial consortium grown with lactate in the presence

of Fe(ll). The cells in are encrusted with amorphous iron sulfides.
Figure kindly supplied by W. Stanley and G. Southam.
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Lactate is a hydroxy monocarboxylic acid anion that is the conjugate base
of lactic acid, arising from deprotonation of the carboxy group.
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S

Figure 2.14 The Gram-Staining Procedure. Note that
decolorization with ethanol or acetone removes crystal violet from
gram-negative cells but not from gram-positive cells. The gram-
negative cells then turn pink to red when counterstained with safranin.
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| T |
 Peroxidases are the second largest class of

enzymes applied in biotechnological

Processes.

d These enzymes are used to catalyze various

oxidative reactions using hydrogen peroxide

and other substrates as electron donors.
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Lithotrophs
O Lithotrophs are a diverse group of organisms using an

inorganic substrate (usually of mineral origin) to obtain
reducing equivalents for use in biosynthesis (e.g.,

carbon dioxide fixation) or energy conservation (i.e.,
ATP production) via aerobic or anaerobic respiration.
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Heterotroph

0 A-heterotroph is an organism that eats other plants or animals
for energy and nutrients.

(d The term stems from the Greek words hetero for “other” and
trophe for “nourishment.”

d Organisms are characterized into two broad categories based

upon how they obtain their energy and nutrients: autotrophs
and heterotrophs.
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Ethanol fermentation
T

O (1) A glucose molecule is broken down via glycolysis, yielding two
pyruvate molecules.

d The energy released by this exothermic reactions is used to
phosphorylate two ADP molecules, yielding two ATP molecules,
and to reduce two molecules of NAD+ to NADH.

O (2) The two pyruvate molecules are broken down, yielding two
acetaldehyde molecule and giving off two molecules of carbon
dioxide.

d (3) The two molecules of NADH reduce the two acetaldehyde

molecules to two molecules of ethanol; this converts NAD* back

into NADH.
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NAD* stands for nicotinamide adenine dinucleotide.

NADH stands for "nicotinamide adenine dinucleotide (NAD) + hydrogen (H).
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Lichen

/ (/'laikon/ LY-kon, also UK: /'litfon/ LICH-on

 Lichens are bizarre organisms and no two are alike.

O Lichens are a complex life form that is a symbiotic
partnership of two separate organisms, a fungus and an
alga.

O The dominant partner is the fungus, which gives the lichen the

majority of its characteristics, from its thallus shape to its
fruiting bodies.
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Kary Banks Mullis

'O Kary Banks Mullis (December 28, 1944 — August 7, 2019) was an

J

American biochemist.

In recognition of his role in the invention of the polymerase
chain reaction (PCR) technique, he shared the 1993 Nobel Prize
in Chemistry with Michael Smith and was awarded the Japan
Prize in the same year.

PCR became a central technique in biochemistry and molecular
biology, described by The New York Times as "highly original
and significant, virtually dividing biology into the two
epochs of before PCR and after PCR."

Mullis attracted controversy for downplaying humans' role in

climate change and for expressing doubts that HIV is the sole
cause of AIDS. —
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Gene, DNA, and Chromosome
R |

Gene

Cell Chromosome DNA
The nucleus controls Chromosomes are
the processes of the cell thread-like structures

made up of DNA tightly

coiled many times around
proteins called histones

Every person has around 20,000 genes and two copies of each of their
genes—one from each parent. Small variations in genes result in differences in
people’s appearance and, potentially, health.
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James Dewey Watson

O James Dewey Watson (born April 6, 1928) is an American
molecular biologist, geneticist, and zoologist. In 1953, he co-

authored with Francis Crick the academic paper proposing the
double helix structure of the DNA molecule.

James Watson
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Francis Harry Compton Crick

‘O Francis Harry Compton Crick (8 June 1916 - 28 July 2004) was an

English molecular biologist, biophysicist, and neuroscientist. He

and James Watson played crucial roles in deciphering the helical
structure of the DNA molecule.

Francis Crick
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Each end of DNA molecule has a number. One end is referred to as 5' (five prime) and
the other end is referred to as 3' (three prime).
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Electrophoresis is a laboratory technique used to separate DNA, RNA, or

protein molecules based on their size and electrical charge.
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Taq DNA Polymerase g 31

0 Tag DNA polymerase is the most
common enzyme used for PCR
amplification.

O This enzyme is extremely heat resistant
with a half-life of 40 minutes at 95°C.

zg. gp::a::','v:g:,::?v @'“ O At its optimal temperature (72°C),

YrLC Exp: 202112 )= K nucleotides are incorporated at a rate of

© Size:s00U
Lot: L/N 7E382K9

2—4 kilobases per minute.
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Fluorescence In Situ Hybridization (FISH) olstu o9,

Gene Fixed Cells
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Fluorescence In Situ Hybridization (FISH)
A Fluorescence in mridization (FISH) is a

laboratory technique for detecting and locating a
specific DNA sequence on a chromosome.
d The technique relies on exposing chromosomes to a

small DNA sequence called a probe that has a
fluorescent molecule attached to it.
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Restriction fragment length polymorphism (RFLP) Lubtus g,

/ RF LP restriction fragment 0p
QP

length polymorphism

5'...GATATC... 3’

somewhere in between the cut sites there’s a "
o s iy ‘,  tandem repeat where different people have 0o
’ different numbers of the repeated part
RE QP if a disease-causing

®  mutation is in between the

’//\,—.../‘*\ cut sites, the length
: . of the piece will differ & can
serve as a marker that gets

db db co-inherited
if you just look at 1 site, each person can have 2 versions. we call it
“homozygous” if they're thes same & “heterozygous” if they're different

homozygous big homozygous little heterozygous
——~IIEEEEER— _EER __ _ EpEEEEEE

——~IEEEEER— _EER AR
but a lot of stuff can happen between cut sites
Qp

mutations can remove or add new cut sites
5'...GATGTC.. ..GATIATC...3’

3¢ .9
3'...CTACAG...5" 3'...CTATAG...5 and you can gain or lose repeats



Restriction fragment length polymorphism (RFLP) st o9,
O Restriction fragment length polymorphism (RFLP) is a type of

polymorphism that results from variation in the DNA sequence

recognized by restriction enzymes.

( These are bacterial enzymes used by scientists to cut DNA

molecules at known locations.

 RFLPs (pronounced "rif lips") are used as markers on genetic

maps.
5 DNA GloJsSse by gly olaiadtils Loy a5 aiime b iSL glag ;] o O
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Single-strand conformation polymorphism (SSCP) sl Jog,
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A Amplify G
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o— f\ W— Heat denature in o_G
T _o Hi-Di Formamide — C —O

* Rapidly chill and ¢

A T electrophorese under G C
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-
t
Wild Type MUT Mutant

L

mobility a3l >

Relative fluorescence units



https://en.wikipedia.org/wiki/Relative_fluorescence_units

Single-strand conformation polymorphism (SSCP) Lot g,
e

O Single-stranded conformation polymorphism (SSCP) e/lnalysis is a
widely used screening method that allows you to identify

different genomic variants in a large number of samples and in a
broad range of organisms, from microorganisms to humans.
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A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Chart’l{ey: . ALIPHATIC AROMATIC . ACIDIC . BASIC

HYDROXYLIC SULFUR-CONTAINING . AMIDIC O NON-ESSENTIAL l:-:l ESSENTIAL
- D P
’ \ Y4 A ’ A
Chemical ro: 2\ 1 0\ ! T
Structure | on |l INOH 1 | OH
single letter \ NH, ] \ NH, 7 \ NH, 7
code \ ’ \ ’ \ ’
-~ ~ D S
NAME ALANINE €) GLYCINE © ISOLEUCINE @) LEUCINE @B PROLINE @ VALINE D
three letter code Ala Gly ile Leu Pro
DNA codons GCT, GCC, GCA, GCG GGT, GGC, GGA, GGG

ATT, ATC, ATA

CTT, CTC, CTA, CTG, TTA, TTG

CCT, CCC, CCA, CCG

Val
GTT, GTC, GTA, GTG

TN
H ’ Y
o N/ 0 o] o o o} ' Q ‘
o "°NH2 NH o %MOH OWOH l (NNOH l
NH, o HO 2 O NH, NH, \ HN NH, 7
° \ ’
-~ o~
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTICACID 0 GLUTAMIC ACID o ARGININE 0 HISTIDINE o
Phe Trp Tyr Asp Glu Arg His
R
’ A
I . o \ 0 OH O (o] o
| H3N\/\/\HI\°H | HO/\‘)kOH /'\‘/U\OH HS OH /S\/\HI\OH
\ NH, Y] NH, NH, NH, NH,
N
-~
LYSINE o SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE o GLUTAMINE 0
Lys Ser Thr Cys Met Asn

TGT, TGC

ATG

AAT, AAC

GIn
CAA, CAG

‘Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

codon: a sequence of three nucleotides which together form a unit of genetic code in a DNA or RNA molecule.



Nonpolar, aliphatic R groups

Aromatic R groups

~
*e *e * 0
T '
& *e )

Amino acids are molecules
that combine to form
proteins. Amino acids and
proteins are the building
blocks of life. When

e oo 7o C0o0~ Co0~ CO0~
HN—C— 1 H;;N—(IJ—H HgN—<lJ~H H,N—C-H HN-C-H HN-C—H
| | =
H CHj /C{I CH, CH, CH,
CHs CHa C=CH
Glycine Alanine Valine \NH
(EOO (|TOO (IJO() OH
H;N—C—H N—C—H H;N—C—H
+H2 (:3H-z He (|3— CH, Phenylalanine Tyrosine Tryptophan
CH CH, CH, s
AN [ | Positively charged R groups
CH3 CH3 S CI.I3 B B B
| coo (|JOO (|3OO
CH, HN—C—H HN—C—H H,N—C—H
Leucine Methionine Isoleucine | |
(l_-:Hz (|)H2 (Isz
(lez (|3H2 C—N\H
Polar, h d R
olar, uncharge groups CH, CH, ‘ //CH
COO COO CO0O | | C—N
o I o CH, NH H
H;N—C—H ILN C—H H;N—C—H [
CH,OH  H—C—OH en ks Rl
’ l T NH,
CHjy SH Lysine Arginine Histidine
Serine Threonine Cysteine
Negatively charged R groups
CcOO COO COO - =
g n ¢ COO0 CO0
Y el A HA—C-H  HN-C
H.N CH 2 N—C—H
— e e o o
. . C CH, CH, CH,
D | | |
H,N (0] C CH
7EON 53
N o COO | 2
Proline Asparagine Glutamine COO~
Aspartate Glutamate

proteins are digested or
broken down, amino acids
are left. The human body
uses amino acids to make
proteins to help the body:
Break down food.
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QS e 430 08 4 |y anwlis (@mylase) Lol ol U

Amylase Enzyme
Formula

Starch Conversion Aid
Ingredients: 96% Dextrose, 4% Alpha-Amylase

Use 0.1 - 0 3 teaspoons per gallon to convert

starches into fermentable sugars
Product of USA

Net 1 Ib (454 g) I | |
82271008 ” |

Package Code: B263 87 49731 T 00494
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Free energy
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Enthalpy 1s a property of the system which is equal to addition
of internal energy and flow work (flow energy)

Enthalpy =Internal energy (U) +Flow energy (PV)
H=U+PV  KklJ

On unit mass basis called h=u+Pv kl/kg
specific enthalpy(h) |




Free energy

C+D

Progress of the reaction

Lo 331

Figure 8.14 Enzymes Lower the Energy of

Activation. This figure traces the course of a
chemical reaction in which A and B are converted
to C and D. The transition-state complex is
represented by AB?# and the activation energy
required to reach it, by Ea. The colored line
represents the course of the reaction in the
presence of an enzyme. Note that the activation
energy is much lower in the enzyme-catalyzed
reaction.
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Substrates

Figure 8.15 Enzyme

Enzyme Function. The formation
of the enzyme-substrate
complex and Its
conversion to products Is
shown.

Enzyme-substrate complex

Product
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Lock-and-key & Induced fit

O The enzyme can interact with a substrate in two general

ways.

It may be rigid and shaped to precisely fit the substrate
so that the correct substrate binds specifically and is
positioned properly for reaction.

d This mechanism is referred to as the lock-and-key
model.

d An enzyme also may change shape when it binds the
substrate so that the active site surrounds and precisely
fits the substrate.

d This has been called the induced fit model and is used
by hexokinase and many other enzymes (figure 8.16).



Hexokinase enzyme
A

A hexokinase Is an enzyme that
phosphorylates hexoses (Six-
carbon sugars), forming hexose
phosphate. In most organisms,
glucose is the most important
substrate for hexokinases,
and glucose-6-phosphate is the
most important product.
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- Induced fit pustse U

(b)

Figure 8.16 An Example of Enzyme-Substrate Complex Formation. (a) A space-filling model of yeast
hexokinase and its substrate glucose (purple). The active site is in the cleft formed by the enzyme’s small lobe
(green) and large lobe (gray). (b) When glucose binds to form the enzyme-substrate complex, hexokinase
changes shape and surrounds the substrate.



Induced fit puslso

Figure 8.16 An Example of Enzyme-Substrate Complex
Formation. (a) A space-filling model of yeast hexokinase and its
substrate glucose (purple). The active site is in the cleft formed by
the enzyme’s small lobe (green) and large lobe (gray). (b) When
glucose binds to form the enzyme-substrate complex, hexokinase
changes shape and surrounds the substrate.
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Coenzymes
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Figure 8.13 Coenzymes as Carriers. The function of a
coenzyme In carrying substances around the cell. Coenzyme C
participates with enzyme E, in the conversion of A to product B.
During the reaction, it acquires X from the substrate A. The
coenzyme can donate X to substrate P in a second reaction. This
will convert it back to its original form, ready to accept another X.
The coenzyme is not only participating in both reactions, but Is
also transporting X to various points in the cell.

2
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Figure 8.18 pH, Temperature, and Enzyme Activity. The
variation of enzyme activity with changes in pH and temperature.
The ranges in pH and temperature are only representative.
Enzymes differ from one another with respect to the location of
their optima and the shape of their pH and temperature curves.
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Velocity

Substrate concentration

K., = the substrate concentration required by the
enzyme to operate at half its maximum
velocity

Vo = the rate of product formation when the

enzyme is saturated with substrate and
operating as fast as possible

Figure 8.17 Michaelis-Menten
Kinetics. The dependence of
enzyme activity upon substrate
concentration. This substrate
curve fits the Michaelis-Menten
equation given in the figure,
which relates reaction velocity
(V) to the substrate
concentration (S) using the
maximum velocity and the

Michaelis constant (K.



Velocity

Substrate concentration

K., = the substrate concentration required by the
enzyme to operate at half its maximum
velocity

Ve = the rate of product formation when the
enzyme is saturated with substrate and
operating as fast as possible
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ENZYME REACTION KINETICS (t; ;)

BIOCHEMICAL ENGINEERIN CHNOLOGY
(GHASEM D. NAJAFPOUR)

K S, (S — 5
tbatch — - In . +( & j)

s, (5.7.10)

Vmax max

where S, Is the initial substrate concentration in g/L, and S; is the
final substrate concentration in g/L.

Solution

v =25 mmol) 600 sj Im _g mmol
‘ m’s h /{1000 L_ h L

3.9 mM In 12 N (0.95)(12)
O9mM/h 0.6 9

=4.23h

rbatch
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Metabolism, Catabolism, and Anabolism
.
abolism is the process by which your body converts what you eat and
drink into energy. During this complex process, calories in food and beverages are

combined with oxygen to release the energy your body needs to function.

Catabolism, the sequences of enzyme-catalyzed reactions by which relatively

large molecules in living cells are broken down, or degraded. Part of the chemical
energy released during catabolic processes is conserved in the form of energy-rich

compounds (e.g., adenosine triphosphate [ATP]). tricarboxylic acid cycle.

Anabolism
/e ' nabaliz(s)m/

The synthesis of complex molecules in living organisms from simpler ones together with

the storage of energy; constructive metabolism.
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The processes used by organisms to obtain energy and to do chemical work
are the basis of the functioning of ecosystems.
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Cytochromes

—_—

4 /CﬁOmes are redox-active proteins containing a heme, with a
central Fe atom at its core, as a cofactor.

1 They are involved in electron transport chain and redox catalysis.

 They are classified according to the type of heme and its mode of

binding.

S g3l 45 sited (Rl GlaST) GuS90,m Jlad slagetisy aps Sy U
2l go H5SBsS Glaie @ ] i 10 (555 0 (] @3 Sy g ain 355 555

gl go gabaiids ()] Jlail oo 5 135515 £95 ol 5 o] U

o




Cytochrome ¢ with heme c

e




Major hemes

U There are several biologically impo <inds of heme:

Heme A Heme B Heme C Heme O

Chemical formula C4gH5606N4FE 034H3204N4Fe 034H3604N482FE C4QH5805N4FE

Four types of cytochromes are distinguished by their prosthetic groups:

Type Prosthetic group
Cytochrome a | heme A
Cytochrome b | heme B
Cytochrome ¢ | heme C (covalently bound heme b)

Cytochrome d | heme D (Heme B with y-spirolactone)



Quinone

O quinone, any member of a class of cyclic organic
compounds containing two carbonyl groups, > C = O,
either adjacent or separated by a vinylene group, —CH
= CH—, in a six-membered unsaturated ring.

d In a few quinones, the carbonyl groups are located in
different rings.
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1,2-Benzoquinone 1,4-Benzoquinone
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1,4-Naphthoquinone 9,10-Anthraquinone
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(Nicotinamide Adenine Dinucleotide Phosphate) NADP
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Il
X C=NH,
0 |
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HO—P—0—CH, o N,
T Ribose
HO—P=0 OH OH
(0] / AN N
| Adenine
CH,
Ribose
OH OH

“‘NADP has a phosphate here.

(@)

Figure 8.9 The Structure and Function of NAD. (a) The structure
of NAD and NADP. NADP differs from NAD in having an extra
phosphate on one of its ribose sugar units. (b) NAD can accept
electrons and a hydrogen from a reduced substrate (SH). These are
carried on the nicotinamide ring. (¢) Model of NAD™ when bound to

the enzyme lactate dehydrogenase.
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S 4+ 2H" + 2¢ 5> H,S _0.274
NADP)" + H" + 2¢” > NAD(P)H —0.32

Nicotinamide adenine dinucleotide (NAD)
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O The AG® of the reaction is directly related to the
magnitude of the difference between the reduction
potentials of the two couples (AE’,).

d The larger the AE’_, the greater the amount of free
energy made available, as is evident from the equation

AG®°" = —nF-AE,

4 in which n is the number of electrons transferred and F is the
Faraday constant (23,062 cal/mole-volt or 96,494 J/mole-volt).

A For every 0.1 volt change in AE’ , there is a corresponding 4.6
kcal change in AG®" when a two-electron transfer takes place.

d This is similar to the relationship of AG® and K., in other
chemical reactions—the larger the equilibrium constant, the
greater the AG°’ .



Important Redox Couples

/ Table 8.1 Selected Biologically Important

Redox Couples

Redox Couple E (Volts) *
2H" + 260 ——— H, -0.42
Ferredoxin(Fe®™) + e& ——— ferredoxin (Fe**) -0.42
NAD(P)* + H" + 2¢e- ————— NAD(P)H -0.32
S+2H" + 2 —— H,S -0.274
Acetaldehyde + 2H" + 2e- ———— ethanol —0.197
Pyruvate™ + 2H* + 2¢- ——— lactate®” —0.185
FAD + 2H" + 2¢¢ ———— FADH, —0.18°
Oxaloacetate®™ + 2H* + 2¢” ————— malate™ -0.166
Fumarate” + 2H* + 2e- ——— succinate® 0.031
Cytochrome b (Fe’*) + € —— cytochrome b (Fe) 0.075
Ubiquinone + 2H" + 27 —————— ubiquinone H, 0.10
Cytochrome ¢ (Fe**) + e© ——— cytochrome ¢ (Fe**) 0.254
NO; + 2H" + 2¢¢ ——— NO, + H,0 0.421
NO,  + 8H" + 66 ———— NH,* + 2H,0 0.44
Fe* + e« ———— Fe™* 0.771
0, + 4H* + 46 ———— 2H,0 0.815

“E7 is the standard reduction potential at pH 7.0.

®The value for FAD/FADH, applies to the free cofactor because it can vary considerably when bound
to an apoenzyme.
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d The NAD*/NADH couple has a very negative E’, and can
therefore give electrons to many acceptors, including O,.

NAD™ + 2H" + 2 — NADH + H" E, =-0.32 volts

1/20, + 2H" + 26 — H,0 E, =+0.82 volts

Because NAD*/NADH is more negative than 1/2 O,/H,0O, electrons
will flow from NADH (the reductant) to O, (the oxidant) as shown

in figure 8.7.

NADH + H" + 1/20, > H,O + NAD"




Figure 8.7 Electron Movement and Reduction
Potentials.

Better E, (Volts)

electron donors
-0.5 —

2H*/H, [-0.42]

-0.4 —
NAD*/NADH [-0.32] _j 4 _|—
_ -0.2 )
FAD/FADH, [-0.18] %
-0.1
0.0 -

Fumarate/succinate [0.031]
CoQ/CoQH, [0.10]  +0.1 —
NADH + H* + %,0,
—> H,0 + NAD*
+0.3 (AE;=1.14V)

+0.2 —
Cyt ¢ (Fe**)/Cyt ¢ (Fe?*) [0.254]

NO,/NO,” [0.421] | +0:4 7

+0.5 —

Fed+/Fe?* [0.771]
1,0,/ H,0 [0.815]

Better
electron acceptors
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- Figure 877 Electron Movement and Reduction Potentials.

The vertical electron tower in this illustration has the most negative reduction
potentials at the top.

Electrons will spontaneously move from donors higher on the tower (more negative
potentials) to acceptors lower on the tower (more positive potentials).

That is, the reductant is always higher on the tower than the oxidant.

For example, NADH will donate electrons to oxygen and form water in the process.
Some typical donors and acceptors are shown on the left, and their redox potentials are
given in brackets.
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More
negative E; NADH NADP*

Light
energy

Aerobic respiration Oxygenic photosynthesis

03 &y 2 S5y

Figure 8.8 Energy Flow in Metabolism. Examples of the
relationship between electron flow and energy in metabolism.
Oxygen and NADP™ serve as electron acceptors for NADH and
water, respectively.

NAD(P)* + H* + 2e" s NAD(P)H ~0.32
0, + 4H" + de” s 2H,0 0.815
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eropic respiration Chemical work

Anaerobic respiration
Fermentation » » Transport work

Photosynthesis Mechanical work

ADP + P,

ATP

Figure 8.3 The Cell’s Energy Cycle. ATP is formed from energy
made available during aerobic respiration, anaerobic respiration,
fermentation, and photosynthesis. Its breakdown to ADP and phosphate
(P,) makes chemical, transport, and mechanical work possible.
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Adenosine

Adenosine dipﬁosphate (ADP)

Adenosine trip‘ﬁosphate (ATP)

Figure 8.2  Adenosine
Triphosphate and
Adenosine Diphosphate.

(a) Structure of ATP and ADP.
The two red bonds are more
easily broken or have a high
phosphate group transfer
potential (see text). The
pyrimidine ring atoms have
been numbered. (b) A model
of ATP.

Carbon is in green; hydrogen
In light blue; nitrogen in dark
blue;

oxygen In red,; and
phosphorus in orange.
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Acid mine drainage, acid and metalliferous drainage (AMD),

or acid rock drainage (ARD) is the outflow of water
from or

Acid rock drainage (ARD), also referred to as acid mine drainage
(AMD), is the outflow of acidic water from mining operations

Including waste rock, tailings, and exposed surfaces in open
pits and underground workings.


https://en.wikipedia.org/wiki/Acid
https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Mining
https://en.wikipedia.org/wiki/Coal_mining

In a stream receiving acid drainage from
surface coal mining.

# When the pH of acid mine drainage is raised

# past 3, either through contact with fresh

water or neutralizing minerals, previously

soluble iron(lll) ions precipitate as iron(lll)

o e nydroxide, a yellow-orange solid colloquially
e known as yellow boy.
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https://en.wikipedia.org/wiki/Neutralization_(chemistry)
https://en.wikipedia.org/wiki/Iron(III)_hydroxide

Rocks stained by acid mine drainage on Shamokin
Creek
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OXYGEN + WATER + SULPHIDE = SULFURIC ACID
— Heavy Metals — Fish Mortality

Extraction decreases groundwater depth and
natural filtration, and increases the
groundwater contamination.
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W an Electrochemical Cell?

An electrochemical cell is a device that can generate electrical
energy from the chemical reactions occurring in it, or use the
electrical energy supplied to it to facilitate chemical reactions in it.
These devices are capable of converting chemical energy into
electrical energy, or vice versa.

ELECTROCHEMICAL CELL

Voltmeter

Anode
(Oxidation)

Cathode
(Reduction)

\zso, ) W S0

Zn(s) | ZnSO,(aq) || CusO,(aq) | Cu(S)



Sl el
O A galvanic cell or chMentists
and , respectively, is an In
which an electric current is generated from
reactions. A common apparatus generally consists of two
different metals, each immersed in separate beakers containing their

respective metal ions in solution that are connected by a or

separated by a porous membrane.

Zinc anode Copper cathode

o &) W

Porous

membrane

NN | N

Zn (s) Cu (s)

;Anion
flow

<
“@ || @
ZnSO0: (aq) CuSO: (aq)



https://en.wikipedia.org/wiki/Luigi_Galvani
https://en.wikipedia.org/wiki/Alessandro_Volta
https://en.wikipedia.org/wiki/Electrochemical_cell
https://en.wikipedia.org/wiki/Spontaneous_reaction
https://en.wikipedia.org/wiki/Oxidation-Reduction
https://en.wikipedia.org/wiki/Salt_bridge

9 sl Jolw
WI Is an electrochemical cell that utili rnal source of electrical

energy to force a chemical reaction that would otherwise not occur. The external energy
source is a voltage applied between the cell's two electrodes; an anode (positively
charged electrode) and a cathode (negatively charged electrode), which are immersed in
an electrolyte solution. This is in contrast to a galvanic cell, which itself is a source of
electrical energy and the foundation of a batiery. The net reaction taking place in a
galvanic cell is a spontaneous reaction, i.e, the Gibbs free energy remains -ve, while the

net reaction taking place in an electrolytic cell is the reverse of this spontaneous
reaction, 1.e, the Gibbs free energy is +ve.

Electrolytic Cell

power source

anode(-)
oxidation

cathode(+)
reduction

L aqueous
solution
or

\\;—/// mOIten Salt



https://en.wikipedia.org/wiki/Electrochemical_cell
https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Anode
https://en.wikipedia.org/wiki/Cathode
https://en.wikipedia.org/wiki/Electrolyte
https://en.wikipedia.org/wiki/Galvanic_cell
https://en.wikipedia.org/wiki/Electric_battery
https://en.wikipedia.org/wiki/Spontaneous_process
https://en.wikipedia.org/wiki/Gibbs_free_energy
https://en.wikipedia.org/wiki/Spontaneous_process
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What i ectrolytic Cell?
n electrolytic cell can be defined as an electrochemical device that uses electrical
energy to facilitate a non-spontaneous redox reaction. Electrolytic cells
are electrochemical cells that can be used for the electrolysis of certain compounds. For
example, water can be subjected to electrolysis (with the help of an electrolytic cell) to
form gaseous oxygen and gaseous hydrogen. This is done by using the flow of electrons
(into the reaction environment) to overcome the activation energy barrier of the non-
spontaneous redox reaction.

e e
— | |
Insert | | —l | t
electrode nser
Battery electrode
C'Hu] :
1
Molteni NaCl
: :
«—ClI | Na'—>
' :
1
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ad rolytic cells are very similar to voltaic (galvanic) cells in the sense that both

require a salt bridge, both have a cathode and anode side, and both have a
consistent flow of electrons from the anode to the cathode. However, there are also

striking differences between the two cells. The main differences are outlined below:

N /}4
e
=7

anode cathode cathode
|
1
=) electrblyte (+) (+) electrolyte =)
:
I
GALVANIC CELL ELECTROLYTIC CELL
Energy released by spontaneous redox Electrical energy is used to drive
reaction is converted to electrical energy. nonspontaneous redox reaction.
Oxidation half-reaction: Oxidation half-reaction:
Y—=>Yt+e™ ZI"—>Z+e”
Reduction half-reaction: Reduction half-reaction:
Z+e =7~ Yt+e =Y
Overall cell reaction: Overall cell reaction:

Y+Z—->Y'+Z7 (G<0) Yt+Z " >Y+Z(G>0)
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Wetween electrochemical c nic cell is that most

electrochemical cells tend to convert electrical energy into chemical energy,
whereas galvanic cells tend to convert chemical energy into electrical energy.
Oxidation and reduction reactions play an important role in electrochemistry.

Electrolytic Cell Galvanic Cell

Electrolyte
Solution
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The impact of light on understanding the mechanism of dissolution and |ﬂ
leaching of sphalerite (ZnS), pyrite (FeS;) and chalcopyrite (CuFeS,)

F.K. Crundwell "~

* Crundwell Metallurgy, London SW19 6PT, United Kingdom
® Chemical Engineering, University of the Witwatersrand, Johannesburg, South Africa

Fig. 6. Absorption of light of different
wavelengths by sphalerite, which result in
colours ranging from clear, honey yellow
(cleiophane) to black (marmatite) as the
concentration of iron in the sphalerite in-
creases. (a) Band structure showing the iron
bands within the bandgap. (b) Absorption
spectrum of a sphalerite sample containing
7% iron (Wincott and Vaughan, 2006). (c)
Samples of cleiophane (orange/red) and
marmatite (black). (For interpretation of the
references to color in this figure legend, the
reader is referred to the web version of this
article.)
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Book: Microbial Processing of Metal Sulfides

Anodic area

7nS — Zn?t +S+2¢

Flow of electrons

20 + H)O +2e — 20H"

Fed* + oo — Fe

Cathodic area

SOLID SURFACE

a x>

Nernst limit layer, §

Complexing
agent:

NH,, CN-, H*

Depolarizator: O, , Fe3*

—»  AQUEOUS PHASE

Mineral-dissolution interphase

Figure 1. Scheme of the electrochemical mechanism of ZnS dissolution



Nernst limit layer
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Nernst boundary layer

A Nernst layer refers to a fictitious scientific area on a concentration profile graph of an
electrode. It represents the hypothetical thickness of the diffusion layer that is present on
an electrode immersed in an electrolytic solution. The Nernst layer may also be known

the Nernst diffusion layer.

S 5 Gy 0 4Y

3,10 0 Ll 0 wSIl SO cdale Dladiin loged o Kole ole ddlaio G @ Cad g Y (S
gy S Jolowa yo jgabbae 04 SISO (69, a5 ol Jlal Y L6 8 Cules snimailis
Dol Al i Cand p el Y Canl e Cad S Y 0410 dezg



S, (gl
/ e

Oxidation of Pyrite

4FeS:(S) + 1402(g) + 4H,0(l) > 4Fe**(aq) + 8S04*(aq) + 8H*

e The ferrous and hydrogen 1ons are released into the waters
that runoff from mine drainage tunnels or tailings piles.

e The ferrous 1ons are oxidized to form ferric 1ons.

4Fe* (aq) + Oz(g) + 4H'(aq) =2 4Fe**(aq) + 2H20(])
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Ruthenium —

atomic atomic weight

numbef —mM8¥ 44 10107 ol

L acid-base properties

symbol e of higher-valence oxides
U L
_\

electron crystal structure

configuration —
[KI’] 4d7531 physical state

name ruthenium at.20 °Gi(68 °F]
|:| Transition metals m— Solid
$ Hexagonal Cl Weakly acidic Ruthenium Sulfide Powd

Purity: 299%

Formula: RuS2
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Cyclic voltammetry

O Cyclic voltammetry is an electrochemical technique

for measuring the current response of a redox active

solution to a linearly cycled potential sweep between
two or more set values.
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d /Fﬁz. Simplified scheme explaining the current-voltage

behavior of pyrite in contact with an acidic electrolyte (0.5 mol
L H,SO,).

O The current-voltage curve is shown for the dark and for chopped

light.
 The different reactions which are proceeding are indicated.
O The shows how the presence of cysteine enhances the

anodic dissolution process.

O The preferred activity ranges of Acidithiobacillus ferrooxidans

and Leptospirillum ferrooxidans are indicated.
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A: Thiosulfate mechanism B: Polvsulfide mechanism
Af Lf G Af, Lf@
FeX" Fe*
M?" + 8,057 M?* + H,S™ (H,S,)
(Af At)| Fe?*, 0, (Af Ar)| Fe?*, O,
S, 06" Sq H,S,.| Sg
(Af At)| Fe?*, 0, Af At| Fe?* 0,
- .
8042— a H+ 804 I‘1+

Figure I. Scheme of the two metal sulfide (bio)leaching pathways, the thiosulfate (A) and polysulfide
(B) one (Schippers ef al., 1996; Schippers & Sand, 1999).
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Figure 1. Scheme of the two metal sulfide (bio)leaching pathways, the thiosulfate
(A) and polysulfide (B) one (Schippers et al., 1996; Schippers & Sand, 1999).
Iron(lll) ions extract electrons from the metal sulfide (MS) and are thereby
reduced to the iron(ll) form.

As a result, the metal sulfide crystal releases metal cations (M?* and water-
soluble intermediary sulfur compounds.

Iron(ll)-oxidizing bacteria such as A. ferrooxidans and L. ferrooxidans (Af, Lf)
catalyze the recycling of iron(lll) ions in acidic solutions.

In the case of acid-soluble metal sulfides (B), an additional attack is performed
by protons.

The liberated sulfur compounds are oxidized abiotically and also by sulfur
compound-oxidizing bacteria such as A. ferrooxidans and A. thiooxidans (Af, At).
Where the reactions are mainly abiotic the contribution of bacteria is put in
parentheses.

The main electron acceptors of oxidation reactions other then the initial iron(lll)
attack are given on the right site of the arrows.

The main reaction products which accumulate in the absence of sulfur
compound oxidizers are put in boxes, i.e. sulfuric acid in (A) and elemental

sulfur in (B). (Reproduced from Rohwerder et al., 2003 with permission of the
publisher.)
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v' Thiobacillus ferrooxidans
v' Leptospirilum ferrooxidans

o sSIS Ploxi a3 O

CuFeS, + 4Fe®* — 5Fe?* + Cu?* + 2S°

4Fe** + 0, + 4H* + Iron oxidizing acidophiles — 4Fe®* + 2H,0

d Mesophile sulfur oxidizing bacteria

v’ Thiobacillus thiooxidans

/ . . rr *
Thiobacillus f errooxidans Acidithiobacillus ferrooxidans
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Table 10.1. Acidophiles in mineral sulfide concentrate processing at different temperatures.
The estimated proportions of species refer to continuous cultures and to primary reactors
where several were in series

Mineral concentrate Temperature Major types in populations
("C)
Pyrite/arsenopyrite® 40 Leptospirillum Acidithiobacillus  At. ferrooxidans
ferrooxidans thiooxidans/ (10-17%)
(48-57%) At. caldus (26-34%)
Mixed sulfides® 45 At. caldus (65%) L. ferrooxidans Sulfobacillus
(29%) sp. (6%)
Nickel concentrate® 49 At. caldus (63%)  Acidimicrobium Sulfobacillus
sp. (32%) sp. (4%)
55 Sulfobacillus At. caldus (5%) Acidimicrobium
sp. (93%) sp. (2%)
Chalcopyrite? 75-78 “Sulfolobus” Metallosphaera Metallosphaera
sp. (59%) sp. (1) (34%) sp. (2) (5%)

*Fairview and Sao Bento industrial plants (Dew et al. 1997).

PMintek pilot plant (Okibe et al. 2003).

“‘Warwick University laboratory scale (Cleaver and Norris, unpublished data).
dWarwick University laboratory scale, HIOX culture (Norris, unpublished data).
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Fig. 9.2. The high proton concentration outside the cell serves as the proton motive force for
the synthesis of ATP via an F F, ATP synthase. It also facilitates “uphill” electron flow required

for the synthesis of NAD(P)H, for the reduction of fixed CO, to compounds required for the

production of cell mass
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(Nernst equation) cews i aloleso

RT
—1
zF o

—_—
E = E' —

E = reduction potential

EO = standard potential

R = universal gas constant

T = temperature in kelvin

< = jon charge (moles of electrons)
F = Faraday constant

Q = reaction quotient



(Nernst equation) cews i aloleso

Bl The Nernst equation

2H* + 2e- = H,

»The Nernst equation gives

R1
= Ehe In
’ nlk

»For 1 atm. hydrogen gas

R1

g

\ [,

E:Eo’ h]/H_/
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(Jarosite) (cuwgyl>) Cuuwg;l

] KFe,(SO,),(OH), -

Jarosite is a basic hydrous sulfate of potassium and ferric iron (Fe-III) with a
chemical formula of KFe3(SO4)2(OH)6.

This sulfate mineral is formed in ore deposits by the oxidation of iron sulfides.
Jarosite is often produced as a byproduct during the purification and refining of

zinc and is also commonly associated with acid mine drainage and acid sulfate soil
environments.
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(Jarosite) (Couwgl>) Cauuwg,ls

 Jarosite on quartz from the Arabia District, Pershing
County, Nevada
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