058 s

Atomic # 16

Atomic weight 32.06

Melting point  112.8 — 1190
Boiling point  444.6
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EFFECT OF ADDED SULFUR ON METABOLISM OF DAIRY COWS

BasaL ﬂ;£§ﬂ§ _ Na250y MHA
+ 104 15% 188 188

D.M. assorsed (o/kefoay) 17,9 19,2  19.0 17.4
MiLk propuceDp (c/kc/pay) 33.B 35.6 .7 3.6

0.M. pigesT. (&) /0.6 72,1 72,8 72,1
N pigesT. (%) 53.3 67.9 69.5 70.0
N:S RATIO 5.6 14 119 12

Fao BoucHaan AND CONRAD {lﬁ?ﬁli |
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Sulfur

m Mammals lack the capacity to reduce sulfate
to sulfide for biosynthesis or S-containing
organic compounds (S-aa, biotin, thiamine,
CoA)

# Ruminant microbes can do this. . ...




Rumen Bacteria and Sulfur

m All rumen bacteria require S
m Not all rumen bacteria can utilize morganic S

m About 0.2% S required to maintain normal
rumen digestion
® Maximizing bacterial protein synthesis
» Synchrony of carbon, nitrogen and energy
»15:1 to 12:1 N:S ratio (in bacteria protein)




State of Sulfur in the Rumen

-

S-amino acids Sulfide pool

Absorbed sulfide

—

(S fixation)

&

Bacterial protein "‘

e

S amino acids
in bacteria

RUP

Modified from McDowell




Microbial Sulfate Reduction

ATP PPi ATP ADP
e A
ATP sulfurylase APS APS kinase PAPS

Sso,

{ APS reductase \
SO, SO,

{ Sulfite reductase \

H,S H,S

| |

Excretion Cys, met, etc.

Dissimilatory Assimilatory
reduction reduction




Sulfate-reducing bacteria are those bacteria and archaea that obtain their energy by
oxidizing organic compounds or molecular hydrogen H, while reducing sulfates to
sulfides, especially to hydrogen sulfide.l In a sense, they "breathe" sulfate rather than
oxygen. Sulfate-reducing bacteria can be traced back to 3 billion years ago and are
considered to be among the oldest forms of bacteria.[!l

Many bacteria reduce small amounts of sulfates in order to synthesize sulfur-
containing cell components; this is known as assimilatory sulfate reduction. By
contrast, the sulfate-reducing bacteria reduce sulfate in large amounts to obtain energy
and expel the resulting sulfides as waste; this is known as dissimilatory sulfate
reduction. They are anaerobes which use sulfate as the terminal electron acceptor of
their electron transport chain.2l

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

bacteria)

Read more: http://www.answers.com/topic/sulfur-bacterium#ixzz1JP5MS6GM




Sulfur Metabolism by Rumen
Microbes

Assimilatory Bacteria: Bacteriodes,
Butyrivibrio, and Lachnospira

Dissimilatory Bacteria: Desulfovibrio
(Huisingh et al, 1974) and
Desulfotomaculum, Desulfuricans

Anaerobic fungi




Potential Hydrogen Sinks in the Rumen
(microbial interactions)

. H

f

Unsat'd FA

Dietary 50,

Y

| mﬂﬁﬁltmn Acuta : Sulfate Reducing
genesis A\
of lipids Bacteria Alethanogens

ﬂﬂffmar pathways U

Saturated
lipids B

Acetate H-,5




The State of Sulfur in the Rumen

Hydrogen sulfide 1s
readily soluble in water.

Gas Cap H,S

The first dissociation - |
yields bisulfide 1on Ruminal fluid
(HS-) with a pKa value 50,/S

of 7.04

O'Neil et al. 2001
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PEM - sulfide link

m PEM associated with high levels of ruminal
sulfide where thiamine status was normal

Rumen

/ Sulfate Reduction \

Hi sultur/
sulfate

jctm&d
Burping Can K H,)S

Be Deadly! Re-breathed

S | : 1_}




olioencephalomalacia (PEM) literally means softening of the cerebrocortical grey matter
stributed in a laminar (layered) pattern. It is also called laminar cortical necrosis or
ortical necrosis. PEM is a sporadic disease of unknown cause occurring in cattle, sheep
nd goats. PEM is most commonly seen in cattle at 6—18 months of age when fed
oncentrate rations. Sheep are usually affected at 2—7 months of age.

he lesion is associated with thiamine deficiency or a disturbance in thiamine metabolism.
uminants are supplied with thiamine by synthetic activity of ruminal bacteria. PEM most
xmmonly develops in cattle fed carbohydrate-rich and roughage-poor rations, which leads
) subclinical lactic acidosis, and hence an alteration in ruminal microflora. Other
iechanisms for disturbances in thiamine deficiency include:

Destruction of thiamine within the gastrointestinal tract (for example by thiaminases in
-acken fern)

Inactivation of thiamine by excess sulfates or sulfides or elemental sulfur

Production of inactive thiamine analogues

Decreased thiamine absorption

Increased faecal excretion of thiamine

ifection with Trypanosoma congolense can also cause focal PEM in the final stages of
sease, likely due to ischemia from accumulation of parasites in the terminal capillaries of
le brain.

linical signs of PEM are variable depending on the area of the cerebral cortex affected

1d may include head pressing, dullness, opisthotonos, central blindness, anorexia,

\uscle tremors, teeth grinding, trismus, salivation, drooling, convulsions, nystagmus,

onic convulsions, and recumbency.l!! Early administration of thiamine may be curative,

At if the lesion is more advanced, then surviving animals may remain partially blind and
ientallv dull.




Adaptation to High Sulfate

m Most enzymes involved with sulfate
reduction are constitutive

m Thus, SRB populations would be need to
increase 1n order to metabolize high levels

of sulfate




Mean Rumen Hydrogen Sulfide
Concentrations (ppm) in Beef Heifers
Consuming Diets with Three Levels of S

Y| MH H
132 28 162
8122 18402 8000°¢
492072 29300 6060°
51208 2521821 |- I 240.5%
17002 4086° 18642°
454 1027 1392

M =3860 ppm S, MH = 5540 ppm S, H= 7010 ppm S Niles et al., 2000




Hydrogen Sulfide in the Rumen
Gas Cap

10000

1000-
Ruminal
Hydrogen 100+
Sulfide, ppm

10+

1 3 - 10
Days on High Sulfate

Gould et al., 1997




Hydrogen Sulfide

[rritant and chemical asphyxiant

Primary action on respiratory and
neurological systems

H,S inhibits cytochrome oxidase C,
catalases, peroxidases, dehydrogenases,
carbonic anhydrase, dipeptidases

paralytic effect on CNS

forms sulthemoglobin




Some Methods to Inhibit SRB

m Clay minerals (e.g. bentonite, kaolite,
barasym) reduced SRB activity

m Effect probably not due to cation/anion
exchange

® Aluminum content of clay minerals highly
correlated with mmhibition of SRB

Wong et al_, 2003




Molybdate Reduces H,S Production

__umol

= Hydrogen

Sulfide
I I Sulfide

Hi S Hi S Hi S Hi S
-1 -10 - 25
ppm ppm ppm

----- -Molybdate----

Kung et al., 2000




Monensin Increases H,S Production
in In Vitro Ruminal Fermentations

-
=
.
i
3
=
|
:

Low Sulfurr High Sulfur High Sulfur High Sulfur
+ AQ + NMonensin

Treatments
Kung et al., 2000
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Interaction Between High S and Se

— 0.1 mg added Se/kg 0.3 mg added Se/kg —

[tem 0.21% S 040% S 0.70% S 022%8S 041% S 0.71% S

DML, 19.3 19.0 18.1 20.0 16.1 1555
ke/d

FCM, 24.2 23.6 222 234 20.4 21.1
ke/d

DMI: Quadratic effect of S and interaction between S and Se
FCM: Linear effect of S

Ivancic and Weiss, 2001




Interaction Between High S and Se

— 0.1 mg added Se/kg — — 0.3 mg added Se/kg —

Item 0.21% S 0.40% S 0.70% S 022%S 041% S 0.71% 5

Se 004 -008 -0.11 0.46 0.04 -0.02

balance
mg/d

Linear effectof S Ivancic and Weiss, 2001

= Reduced uptake of Se by rumen bacteria
=[nterference with selenite absorption in the sm. intestine




Interactions Between S, Cu and Mo
in the Rumen

m S + Mo -> thiomolybdates -> reduce Cu
absorption

m Sulfur reduces Cu bioavailability ->

insoluble copper sulfide
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Figure 1
THE SULPHUR CY¥CLE TN ANTMAL TISSUES
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Sulfate Reduction in the Rumen

Inside

Cell
Sulfurylase

S0,2+ ATP APS + — 2Pi
PP‘/.‘—~ 2e-

2-+ AMP
‘/f‘——ZE"

S;06%




Figure 2
THE SULPHUR CYCLE IM THE RUMEN
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