
N-acetyl muramyl-L-alanyl-D-
isoglutamine (MDP) is a class of
muramyldipeptide and it is a minimum structural
unit of peptidoglycans in acid fast Gram positive
bacteria. MDP is responsible for immuno-
potentiating ability1,2. Mycobacterium produces
large mycolic acids that distinguish their cell wall
from those of other bacteria. Its unusual cell wall,
rich in lipids (e.g. mycolic acid), consisting of a
highly complex array of distinctive lipids,
glycolipid, proteins, and polymers, of which the
mycolyl-arabinogalactan-peptidoglycan complex
(MAPc) is the major structural component.
Mycobacterium cell wall constituents: mycolic

acid, arabinogalactan and peptidoglycan.  Among
these constituents, peptidoglycan is responsible
for adjuvant activities, causing increased serum
antibody levels.  Peptidoglycan (PG) is a highly
complex and essential macromolecule of bacterial
cell walls (except in mycoplasma) that enables
bacteria to resist osmotic pressure. Although it
was often regarded as an inert structure
surrounding bacteria, the PG layer is a highly
dynamic and tightly regulated macromolecule that
is constantly remodeled to allow cell growth and
division. Despite a rather simple building block
(the PG precursor) consisting of a disaccharide
N - a c e t y l - D - g l u c o s a m i n e - ( b - 1 , 4 ) - N
acetylmuramic acid (GlcNAc-MurNAc).
Although the peptides vary extensively in
composition from species to species. In Gram-
positive bacteria it is very frequent to find cross-
bridges linking two distinct stem peptides,
increasing even more the complexity of the PG
structure.
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MDP and its derivatives have important
biological activities like adjuvant activity,
Stimulation of non- specific resistance against
bacterial, viral and parasite infections and against
tumors, Somnogenic activity, i.e., increase of the
duration of slow wave sleep3. MDP interact with
both B and T cells. MDP activates macrophages
by both direct and indirect effects (via
lymphokines). Indirect activation is more effective
than direct effect.  In In Vivo, MDP has immediate
effect at the cellular level 4. MDP influences a
variety of macrophage functions such as the
production of prostaglandins, motality, enhanced
O

2
-generating capacity, proliferation in response

to lymphokines, increased cytolytic activity
against tumor cell and an increase in spreading,
adherence and by elevated synthesis of an enzyme
(collagenase). This increase in the collagenase
production is modulated by enhanced production
of prostaglandins that influences intracellular
levels of cAMP. These induced macrophages
produce biologically active mediators that triggers
quiescent fibroblast into active proliferation,
which then participate a multiplicity of other
reactions resulting in enhanced immune
phenomena5. It initiates Nod2 expression in
macrophages and leads to activation of NF- B.
Nod2- mediated NF  B leads to the induction of
defensives. MDP induces release of cytokines (IL-
6) in the presence of Nod2 containing a caspase
activation and recruitment domine.

The present paper deals with the
extraction and purification of Muramyldipeptide
by High Performance Liquid Chromatography
(HPLC).

MATERIAL AND METHODS

Isolation and culturing of Mycobacterium
tuberculosis

 Sputum of TB (Tuberculosis) patients
was collected in a sterile, wide mouthed and leak
proof, disposable plastic containers (50 ml
capacity). Isolates were cultured in the
Lowenstein-Jenson medium (LJ medium) and
incubated in BOD incubator for at 37ºC for six
weeks.
Morphological characterization

Identification of the isolates, initially,
was carried out by studying the morphological

characters after incubating the culturing in LJ
medium plates for 6 weeks at 37°C. The colony
morphology, pigment production and its
diffusibility on the LJ medium were observed and
isolated colonies were selected for staining
techniques.
Staining of Mycobacterium.tuberculosis

Three weeks old LJ broth cultures was
smeared in a thin film on clean grease free glass
slides and heat fixed. The Ziehl-Neelsen acid-fast
staining was performed by using the stains, carbol
fuchsin stain and methylene blue counter stain.
Spore staining was performed by using the stains,
5% Malachite green and 0.5% saffranine6.
Specific Biochemical tests for Mycobacterium
tuberculosis

Mycobacterium tuberculosis was
conformed by performing the specific biochemical
tests like Nitrate Reduction test, Catalase tests,
Niacin test, Urea test, Thiophene 2-carboxylic acid
hydrazide (TCH), Tween 80 hydrolysis7.
Separation of PeptidoGlycan (PG) from
M. tuberculosis

M. tuberculosis cells at mid-log phase
were harvested by centrifugation and washed with
phosphate buffered saline (PBS) to remove growth
medium the isolation of PG. The bacilli were
resuspended in 10 mM NH

4
HCO

3
 containing 1

mM phenylmethylsulfonyl fluoride and disrupted
by intermittent probe sonication with an MSE
Soniprep 150 (MSE-Sanyo; Integrated Services)
for 30 cycles (60-s bursts separated by 60 s of
cooling). The sonicate was digested with10 g each
of DNase and RNase/ml for 1 hr at 4°C. A cell
wall-enriched fraction was obtained by
centrifugation at 27,000g for 30 min. The pellet
containing cell walls was resuspended in PBS
containing 2% sodium dodecyl sulfate (SDS), the
suspension was incubated for 1 hr at 50°C with
constant stirring and recentrifuged at 27,000 g
for 30 min, and the supernatant was discarded.
This process was repeated twice. The resulting
pellet was resuspended in PBS containing 1%
SDS and 0.1 mg of self-digested proteinase K/
ml, and the suspension was incubated at 45°C for
1 hr with constant stirring. The mixture was then
heated at 90°C for 1 hr before centrifugation at
27,000g for 30 min. The supernatant was
discarded, and the 1% SDS extraction procedure
was repeated twice to remove proteinase K. The
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pelleted material was washed twice with PBS and
four times with deionized water to remove SDS.
The resulting Mycolyl-arabinogalactan-
peptidoglycan complex (MAPc) was extracted
with ethanol-diethyl ether (1:1) and dried under
a vacuum. In order to hydrolyze the mycolic acids,
the MAPc was resuspended in 0.5% KOH in
methanol and stirred at 37°C for 4 days. The
mixture was centrifuged, and the pellet was
washed twice with methanol and twice with
diethyl ether and dried under a vacuum.

The resulting arabinogalactan-PG was
digested with 0.05 N H

2
SO

4
 at 37°C for 5 days to

remove the arabinogalactan. The resulting
insoluble PG was washed four times by
centrifugation with deionized water and dried
under a vacuum8.
Solubilization of PeptidoGlycan (PG)

The purified PG (2 mg) was suspended
in 0.5 ml of 10 mM sodium acetate (pH 5.0)
containing 25 g of purified muramidase  and the
suspension was incubated at 37°C for 16 hr with
stirring. Digests were centrifuged at 27,000 g for
30 min, and the supernatant was filtered through
a 10-kDa-cutoff ultrafiltration membrane
(Millipore) to remove muramidase and dried
under a vacuum. The muropeptides were
resuspended in 0.5 M sodium-borate buffer (pH
9.0), and sodium borohydride was added to
achieve a final concentration of 8 mg/ml. The
mixture was incubated for 30 min at room
temperature to reduce the sugar moieties. The
reaction was stopped by the addition of
orthophosphoric acid, and the pH was adjusted to
4.0 prior to fractionation by size exclusion
chromatography on a Superdex peptide 10/300
GL column with a model 600 controller connected
to a model 600 pump and a model 2487 UV
detector. The column was equilibrated and eluted
with 30% acetonitrile containing 0.1%
trifluoroacetic acid with a flow rate of 0.5 ml/
min. The absorbance of the effluent at 214 nm
was monitored 8.
Purification of Muramyldipeptide by High
Pressure Liquid Chromatography (HPLC)

The fractions containing muropeptides
were dried under a vacuum and resuspended in
high-performance liquid chromatography
(HPLC)-grade water at an approximate
concentration of 10 M. An aliquot (20µl) was

applied to a 2-by-150-mm Hypersil octyldecyl
silane (C18) column connected to Shimadzu
CLASS-VP V6.14 HPLC system. The
muropeptides were eluted with a 2 to 30% linear
gradient of aceto nitrile containing 0.5% formic
acid at 320 L/min8.

RESULTS AND DISCUSSION

Among the five isolates MT1 showing
dry, rough, raised, thick with wrinkled surface
and an irregular thin margin on L-J solid medium.
They were creamy white, becoming yellowish or
buff colored on further incubation. The MT1
isolate is a straight or slightly curved rods, about
3µm x 0.3µm, occurring singly, in pairs or as
small clumps were observed after the Ziehl-
Neelsen acid-fast staining. The pink vegetative
cells with green colored spores were observed
under the microscope. These MT1 isolates
showing positive reaction for the biochemical tests
which were very specific to the Mycobacterium
tuberculosis Table 1. The isolated MT1 isolates
were cultured in Lowenstein-Jenson medium (LJ
medium)9.

By the above morphological and
biochemical tests as compared with Bergey’s
Manual10,  the organism was identified as
M.tuberculosis and incubated in BOD incubator
for at 37ºC for six weeks.

The Muramyldipeptide was extracted
and separated from the cell wall of M.tuberculosis.
The resulting Mycolyl-arabinogalactan-
peptidoglycan complex (MAPc) was subjected for
purification. The fraction containing
muropeptides were dried under a vacuum and
resuspended in high-performance liquid
chromatography (HPLC) grade water at an
approximate concentration of 10 µM. An aliquot
(20µl) was applied to a 2 –by-150mm Hypersil
octyldecyl silane (C18) column connected to
Shimadzu CLASS-VP V6.14 HPLC system. 99%
pure muramyldipeptide which was obtained from
Sigma PVT Ltd used as standard along with the
sample. The muropeptides were eluted with a 2
to 30% linear gradient of acetonitrile containing
0.5% formic acid at 320µl/min Fig. 1. The
peptides were separated with in retention times
of standard MDP Fig-2. The collected MDP was
used for further studies like adjuvant activity and
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Shimadzu CLASS-VP V6.14 SP1     Area % Report 
Page 1 of 1 
Method Name:C:\CLASS-VP\Methods\peptides\rev.met 
Data Name:     C:\CLASS-VP\muramyldipeptide standard152331 
User:  System 
Acquired: 04/15/2008   4.15PM 
Printed  04/15/2008   05.32PM 

Detector A(214nm) 
Peptidoglycan fraction152331 
Peptidoglycan fraction152331 

Detector A (214nm)
Pk # Retention Time Area Area % Height Height %

1 5.84 1192 0.01 36 0.01
2 7.17 3828 0.03 397 0.09
3 8.25 145239 0.98 8381 1.93
4 8.64 125765 0.84 8433 1.94
5 8.85 130646 0.88 10597 2.43
6 8.88 229162 1.54 10703 2.46
7 9.47 685649 4.6 19869 4.56
8 9.76 315431 2.12 17063 3.92
9 10.25 431269 2.89 21169 4.86

10 10.9 304471 2.04 21146 4.86
11 11.32 304176 2.04 19649 4.51
12 11.51 464898 3.12 16700 3.84
13 11.94 109738 0.74 11159 2.56
14 12.22 890802 5.98 73986 17
15 12.73 8636423 57.95 187912 43.17
16 13.1 2123509 14.25 7978 1.83
17 13.13 135239 0.87 7659 1.72
18 13.91 149065 0.95 9833 2
19 14.58 126921 0.92 10789 2.99
20 15.11 232369 1.93 11417 2.74
21 15.27 85649 3.6 19971 5.58
22 16.28 343 0 146 0.03

17.79 81 0 7 0
Total 15631865 100 495000 100

        23

Fig. 1. Chromatogram of Muropeptides of M.tuberculosis

also the antitumor activity.
Muramyl peptides have a powerful effect

on the immune system by way of macrophage and
monocyte activation, and by stimulation other
cells of the immune system which play a crucial

role in cytokine production 11,12,13,14.According to
Ikuo Saiki et al., 15 Normal noncytotoxic blood
monocytes (or) tissue macrophages can become
activated to the tumoricidal state be interation
with lymphokines such as MAF (macrophage
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Detector A(214nm) 
Muramyldipeptide standard152332 
Muramyldipeptide standard152332 

Shimadzu CLASS-VP V6.14 SP1     Area % Report 
Page 1 of 1 
Method Name:C:\CLASS-VP\Methods\peptides\rev.met 
Data Name:     C:\CLASS-VP\muramyldipeptide standard152332 
User:  System 
Acquired: 04/15/2008   12.45PM 
Printed  04/15/2008   05.30PM 

Detector A(214nm)
Pk# Retention time Area Area% Height Height%
1 9.76 315431 2.12 17063 3.92

Fig. 2. Chromatogram of standard MDP

activating factor) or recombinant -interaferon(r-
IFN-) MDP, the minimal active cell wall
component of Mycobacterium that is responsible
for the immunostimulatory activity. MDP or its
analogues can readily activate human
macrophages to become cytotoxic to
microorganisms.

The MDP binding sites are located
within the intracellular compartment. Nod2 is an
intracellular sensor of MDP. Nod2 expression is
restricted to monocytes/macrophages under
normal conditions, a major cell production was
stimulated by MDP. Nod2 -dependent activation
of the NF-kB pro inflammatory cascade is
modulated by PG 16. NF-kB activation functions

have two distinct regulatory pathways. The
classical pathway is typically triggered by ligand
binding Tumor Necrosis Factor1/2
receptors(TNFR1/2), T-cell receptor (TCR), B-cell
receptor (BCR), or the toll-like receptor (TLR)-
interleukin-1 receptor(IL-1R) super family
members. In contrast, the alternative pathway is
triggered by the activation of certain TNF receptor
family members, including lymphotoxin 
receptor (LT R), B cell -activating factor
belonging to the TNF family receptor (BAFF-R),
CD40 and CD 30 17. MDP influences macrophage
to enhance O

2
-generating capacity which is an

important factor for TNF activity in DNA
fragmentation18. TNF proliferation in response to
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lymphokines leads to increase the cytolytic activity
against tumor cell.  MDP also increases TNF- 
mRNA.  The mechanism of antitumor activity of
MDP yet to be not understood. But the cytolytic
activity and Production TNF  is might be the
direct process involved in anti tumor activity of
MDP.
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