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Abs tract: Two methods of bre a king My co bac te ri um smeg ma tis mc2155 ex plo i ting dif fe rent
bi o phy s i cal prin ci ples were eva lua ted for ob ta i ning the fracti ons used to mo ni tor in vit ro ga lactan build
up and de ca pre nyl phospho ryl ara bi no se bi osyn the sis. Our data su g gest that cell ly sis per for med with the
cell di srupter at 80 MPa is su per i or to so ni cati on, which was used un til now, espe ci al ly to exa mi ne
ga lactan po ly me ri zati on. 
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1. In tro ducti on

My co bac te rium tu ber cu lo sis, the causal agent of one of the most wide spread dis eases in
the world is an ex tremely dif fi cult patho gen for ther a peu tic in ter ven tion. One of the rea -
sons is a spe cific struc ture of its cell en ve lope [1]. It is com posed of the cell mem brane,
above which a co va lently linked com plex of peptidoglycan and arabinogalactan serves as a 
scaf fold for the at tach ment of nu mer ous mycolic ac ids form ing the ba sis for the ad di tional,
highly im per me able mem brane layer. Biosynthesis of mycolyl-arabinogalactan com plex is 
a proved tar get of the ef fi cient antituberculosis drugs, such as isoniazid in hib it ing the
NADH-de pend ent enoyl-[acyl-car rier-pro tein] reductase InhA and ethambutol act ing
through in hi bi tion of arabinosyltransferases EmbA-C [2]. Just re cently, DprE1 pro tein,
part of the heteromeric epimerase en zyme DprE1/DprE2 in volved in the pro duc tion of pre -
cur sors for arabinan poly mer iza tion, was shown to be a tar get of a novel drug - benzo-
thiazinone [3]. Ob vi ously, par tic u lar stages lead ing to build-up of ma ture mycobacterial
cell en ve lope com po nents may in volve ad di tional vul ner a ble steps that could be ex ploited
for the de vel op ment of new drugs against tu ber cu lo sis. Pos si bil i ties for iden ti fi ca tion of
the genes par tic i pat ing in cell wall biogenesis were greatly ex panded af ter pub li ca tion of
the ge nome se quence of M. tu ber cu lo sis H37Rv, which opened new op por tu ni ties for
study ing the phys i ol ogy of this patho gen [4]. Bioinformatic ex am i na tion of its ge nome re -
vealed the pres ence of pos si ble arabinogalactan biosynthetic clus ter rang ing from the gene
Rv3779 to the gene Rv3809c [5], and the re search in the fol low ing years con firmed cor rect -
ness of this pre dic tion, as the func tions of most of the genes in the clus ter were iden ti fied
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and, in deed, as so ci ated with the cell en ve lope biogenesis  (for a re view see [2]). We have
con trib uted to these ef forts by ge netic and bio chem i cal char ac ter iza tion of the
galactosyltransferases Rv3782 (GlfT1) and Rv3808c (GlfT2) [6], and iden ti fi ca tion of the
epimerase Rv3790/Rv3791 (DprE1/DprE2), which con verts decaprenylphosphoryl ribose
to decaprenylphosphoryl arabinose (DPA), thus pro vid ing the sub strate for the
arabinosyltransferases [7]. Cru cial ex per i men tal meth ods for such stud ies are the dis in te gra -
tion and frac tion ation of the cells used in the ex per i ments. Stan dard pro ce dure for break ing
the cells, which was ap plied in our work, was sonication. It gen er ates al ter nat ing high-pres -
sure and low- pres sure waves in the ex posed liq uid. Dur ing the low-pres sure cy cle, the ul tra -
sonic waves cre ate small vac uum bub bles in the liq uid that col lapse vi o lently dur ing a
high-pres sure cy cle. This phe nom e non is termed cav i ta tion. The im plo sion of the cav i ta tion
bub ble causes strong hy dro dy namic shear-forces. The shear forces dis in te grate fi brous ma te -
rial into fine par ti cles and cell wall ma te rial is be ing bro ken into small de bris [8]. In the pres -
ent study we eval u ated an al ter na tive break age method us ing the cell disrupter for
prep a ra tion of the en zy matic frac tions for in ves ti ga tion of galactan poly mer iza tion and for
biosynthesis of DPA. The method is based on the use of high pres sure to force a sam ple
through a small fixed or i fice at high speed un der con trolled con di tions. As the high-pres sure
pis ton de scends, sam ple is in tro duced into the high-pres sure cyl in der. The pis ton then forces
the sam ple through the jet at high speed. The rapid trans fer of the sam ple from a re gion of
high pres sure to one of low pres sure causes cell dis rup tion [9]. 

2. Ex pe ri men tal

2.1. Frac tion ation of my co bac te ria
Non-patho genic strain M. smegmatis mc2155, which has a sim i lar cell wall struc ture as 

its patho genic coun ter part, M. tu ber cu lo sis, was used in the de scribed ex per i ments. The
bac te ria were grown in LB broth con tain ing 0.05% Tween 80 (Sigma). 3 g of cells were
sus pended in about 6 ml of 50 mM MOPS buffer, pH 7.9, con tain ing 5 mM 2-mercapto-
eth a nol and 10 mM MgCl2 (buffer A) at 4 °C and sub jected to break ing by two dif fer ent
means. Sonication (Soniprep 150; MSE Ltd., United King dom; 1-cm probe) was ap plied
in the to tal time of 10 min per formed in 10 cy cles of 60 s pulses with 90 s cool ing in ter vals. 
Al ter na tively, my co bac te ria were dis in te grated by two pas sages of the cell sus pen sion in
One Shot Cell Disrupter (Con stant Sys tem, Ltd, United King dom) at 80 MPa, 200 MPa or
270 MPa, re spec tively. The cell lysates were cen tri fuged at 15,600 ´ g for 20 min at 4 °C.
The pel lets were re sus pend ed in buffer A, and Percoll (GE Healthcare) was added to
achieve a 60% sus pen sion, which was cen tri fuged at 15,600 ´ g for 60 min at 4 °C. The
white up per fluffy layer was col lected, and Percoll was re moved by re peated sus pen sion
in buffer A and centrifugation. The cell en ve lope frac tion (P60) was re sus pend ed in buffer 
A (1.5 ml per 5 g of the ini tial wet weight) to achieve pro tein con cen tra tion of 8-10 mg/ml. 
Mem branes were ob tained by centrifugation of the 15,600 ´ g supernatant at 165,000 ´ g
for 1 hr at 4 °C and sus pended in buffer A (150 ml per 5 g of the ini tial wet weight) to give a
pro tein con cen tra tion of 25-35 mg/ml. All centrifugations were per formed in ul tra cen tri -
fuge OPTIMA MAX-XP (Beckman) equipped with the ro tor TLA110.
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2.2. Re ac tion mixtures and fractionation of reaction products
For mon i tor ing of galactan biosynthesis the re ac tion mix tures con tained 150 mg of

mem brane pro teins and/or 150 mg of cell en ve lope pro teins, 62.5 µM ATP, 2.5 mM
NADH, 200 µM UDP-N-acetylglucosamine, TDP-rhamnose (pre pared as de scribed
[10]), 0.25 mCi UDP-[U-14C]Galp (spe cific ac tiv ity 285 mCi/mmol, GE Healthcare) and
buffer A in the fi nal vol ume of 80 ml. Pro duc tion of arabinan pre cur sor DPA was fol lowed
in the re ac tion mix tures com posed of 150 mg of mem brane pro tein or 150 mg of cell en ve -
lope pro tein, 62.5 µM ATP, 50 µM NADH, 0.055 mCi phosho-[14C]ribose pyrophosphate
(P[14C]RPP) [pre pared en zy mat i cally from [14C]-glu cose (spe cific ac tiv ity 287 mCi/
mmol; GE Healthcare) as de scribed [11]] and buffer A in the fi nal vol ume of 80 ml. Af ter
in cu ba tion of the re ac tion mix tures for 1 h at 37 °C, the re ac tions were stopped by ad di tion 
of CHCl3/CH3OH (2 : 1; 1.5 ml). For ex trac tions of the radiolabelled glyco lipids the mix -
ture was left rock ing at room tem per a ture for 20 min and cen tri fuged (3000 ´ g). The
CHCl3/CH3OH phase was re moved from the pel let and re ac tion prod ucts were sep a rated
by biphasic Folch wash, as de scribed [12]. The bot tom phase was dried un der a stream of
N2 at room tem per a ture, redissolved in 50 µl of CHCl3/CH3OH/H2O/NH4OH
(65 : 25 : 3.6 : 0.5) and quan ti fied by the scin til la tion count ing. Thin layer chro ma tog ra phy 
(TLC) of CHCl3/CH3OH (2:1) ex tract was per formed on Sil ica Gel plates (Merck) in
CHCl3/CH3OH/NH4OH/1 M am mo nium ac e tate /H2O (180 : 140 : 9 : 9 : 23) and the
radiolabeled lipid bands were vi su al ized by autoradiography. In or der to ob tain poly mer -
ized galactan pre cur sors the pel let was ini tially washed with 0.5 ml each of 50% CH3OH
in H2O con tain ing 0.9% NaCl, 50% CH3OH in H2O and 100% CH3OH for re moval of the
re sid ual radiolabel. [14C]Gal-la beled lipid-linked poly mer was ex tracted from the pel let
with 0.5 ml CHCl3/CH3OH/H2O (10 : 10 : 3) [13] and with 0.5 ml “E-soak” (wa ter/eth a -
nol/di ethyl ether/pyridine/con cen trated am mo nium hy drox ide; 15 : 15 : 5 : 1 : 0.017) [14]
and quan ti fied by the scin til la tion count ing. 

2.3. NADH oxidase as say
For mea sur ing of NADH oxidase ac tiv ity the re ac tion mix tures con tained 50 µg of

mem brane pro teins, or 10 µg of P60 pro teins, 0.5 mM NADH and buffer A in the fi nal vol -
ume of 200 µl. Ki net ics of the re ac tion was mea sured at room tem per a ture in 96-well
plates dur ing 15 min in the microplate reader BioTek EL808 (BioTek, United States).

3. Re sults and dis cus si on

Ap pro pri ate dis rup tion of bac te ria is fun da men tal for prep a ra tion of the subcellular
frac tions to be used for mon i tor ing of en zy matic ac tiv i ties. Meth ods em ployed for dis in te -
gra tion of the cells may af fect not only the over all ac tiv i ties of the stud ied en zymes or their 
compartmentalization within the gained en zy matic frac tions, but, es pe cially in case of
prep a ra tion of mem brane frac tions, also the sid ed ness of the ob tained ves i cles re sult ing in
spe cific dis tri bu tion of the mem brane-as so ci ated pro teins in side or out side the ves i cles
[15]. The most ex ten sive com par i son of the break ing meth ods ex ploit ing var i ous bio phys -
i cal prin ci ples ap plied on my co bac te ria was de scribed by Rezwan et al. [16]. The au thors
com pared cell lysis of M. smegmatis us ing cell disrupter, French press, bead beater, bead
beater with lysozyme, sonication, sonication with lysozyme and lysozyme alone. The cell
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lysis was fol lowed by centrifugation at 27,000 ´ g and the supernatant was fur ther cen tri -
fuged at 100,000 ́  g. Based on the anal y sis of the de fined marker mol e cules in the dif fer -
ent sub frac tions, the au thors con cluded that the 27,000 ́  g pel let con tained mostly the cell
wall, while 100,000 ´ g pel let rep re sents the cell mem brane frac tion. In ter est ingly, with
the ex cep tion of high-pres sure meth ods (cell disrupter or French press), the cell wall frac -
tion was highly con tam i nated by the mem branes, as con firmed by NADH oxidase as say
[16]. The NADH oxidase ac tiv ity is as so ci ated par tic u larly with the cell mem brane and
thus its oc cur rence in the cell wall frac tion sug gests the cross-con tam i na tion. In our ini tial
ex per i ment with the cell disrupter, we ap plied the con di tions for break age rec om mended
by the man u fac turer, i.e. 270 MPa. In this case both galactan poly mer iza tion and pro duc -
tion of decaprenylphosphoryl arabinose were hardly de tect able in the mem brane and/or
P60 frac tions (data not shown). We thus re duced the ap plied pres sure in the fol low ing ex -
per i ments to 200 MPa and 80 MPa, in ac cor dance with con di tions de scribed be fore
[16-17]. We found out that ef fec tive biosynthesis of decaprenylphosphoryl arabinose
took place in the en zy matic frac tions ob tained with dis in te gra tion in the cell disrupter at
80 MPa and it was com pa ra ble to the frac tions de rived from the sonicated cells. Dis rup -
tion of my co bac te ria at 200 MPa re duced the DPA pro duc tion by ap prox i mately 50%
(Fig. 1). In case of galactan biosynthesis, there were sig nif i cant dif fer ences be tween the
re sults ob tained with en zymes from the cells lysed by sonication or by the cell disrupter.
The high est quan ti ties of the radiolabelled prod ucts were ob tained with the frac tions from
bac te ria lysed with the cell disrupter at 80 MPa (Fig. 2). Par tic u larly, in the re ac tion mix -
ture con tain ing both mem branes and P60, to tal in cor po ra tion of ra dio ac tive la bel into the
lipid-linked galactan in ter me di ates ex ceeded that achieved in the sonicated sam ples
2.5 times. Cell break age per formed at 200 MPa re sulted in 54 % re duc tion of build up of
these in ter me di ates. In all tested P60 frac tions the pres ence of NADH ac tiv ity con firms
that the cell wall-con tain ing P60 frac tion is en riched with mem brane pro teins, thus form -
ing a true “cell en ve lope” frac tion. Morita et al. [18] ob served a sim i lar frac tion ation pat -
tern in my co bac te ria, since the cell wall com po nent of their frac tion ation scheme al ways
con tained frag ments of plasma mem brane. Our data sug gest that the rel a tively gen tle
break ing with the cell disrupter at 80 MPa re sults in frac tions that are more ef fi cient in the
in vi tro poly mer iza tion of galactan, im ply ing the need for the in ter ac tion of the com po -
nents com pris ing the cell en ve lope (i. e. cell wall and cell mem brane), which could be re -
tained at such con di tions. In con clu sion, the cell disrupter is the suit able means for lysing
my co bac te ria to ob tain en zy matic frac tions used for in ves ti ga tion of as pects of
mycobacterial cell wall biogenesis. More over, re duced time re quired for break age in com -
par i son with sonication en ables han dling of a larger num ber of sam ples, which is es pe -
cially im por tant in the course of iden ti fi ca tion of the en zyme func tions, when var i ous
strains in clud ing the wild type, mu tants and overproducers are an a lyzed in par al lel. An -
other ad van tage is a small vol ume of the sam ples, al though this can only be ex ploited in
case of avail abil ity of the ul tra cen tri fuge with ro tors al low ing frac tion ation of small vol -
umes; this was the case in all of the ex per i ments de scribed above. 
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Fig. 1. Com par i son of in cor po ra tion of ra dio ac tiv ity from [14C]PRPP into or ganic ex tracts in the re ac tion
mix tures con tain ing equal amounts of mem brane (mem) or P60 pro teins, which were pre pared by dif fer -
ent means (FP 0.8 - cell disrupter at 80 MPa; FP 2.0 - cell disrupter at 200 MPa; Son - sonication).

Fig. 2. Quan ti ta tive anal y sis of the radiolabelled galactan in ter me di ates ex tracted from re ac tion mix -
tures con tain ing equal amounts of mem brane (mem) and/or P60 pro teins, which were pre pared by dif -
fer ent means (FP 0.8 - cell disrupter at 80 MPa; FP 2.0 - cell disrupter at 200 MPa; Son - sonication).
CM2/1 - CHCl3/CH3OH (2:1), TT3 - CHCl3/CH3OH/H2O (10 : 10 : 3), Esoak - wa ter/eth a nol/di ethyl
ether/pyridine/con cen trated am mo nium hy drox ide; 15 : 15 : 5 : 1 : 0.017), FP - fi nal pel let.



Re fe ren ces
  [1] M. R. Mc Ne il, P. J. Bren nan: Res Micro bi ol, 142 (1991) 451-463.
  [2] C. E. Bar ry, D. C. Crick, M. R. Mc Ne il: In fect Di sord Drug Tar gets, 7 (2007) 182-202.
  [3] V. Maka rov, G. Ma ni na, K. Mi ku �o vá, U. Moll mann, O. Rya bo va, B. Saint-Jo a nis, N. Dhar, M. R. Pas ca,

S. Bu ro ni, A. P. Lu ca rel li, A. Mi la no, E. De Ros si, M. Be lá òo vá, A. Bo bov ská, P. Di a ni� ko vá, 
J. Kor du lá ko vá, C. Sala, E. Ful lam, P. Schne i der, J. D. Mc Kin ney, P. Bro din, T. Chris to phe, S. Wad dell,
P. Butcher, J. Al bre th sen, I. Ro sen krands, R. Brosch, V. Nan di, S. Bha ra th, S. Ga on kar, R. K. Shan dil,
V. Ba la sub ra ma ni an, T. Bal ga ne sh, S. Tyagi, J. Gros set, G. Riccardi, S. T. Cole: Science, 324 (2009) 801-804.

  [4] S. T. Cole, R. Brosch, J. Par khill, T. Gar nier, C. Chur cher, D. Harris, S. V. Gor don, K. Ei gl me ier, S. Gas,
C. E. Bar ry 3rd, F. Tekaia, K. Bad cock, D. Ba sham, D. Brown, T. Chil lin gwor th, R. Connor, R. Da vies,
K. De vlin, T. Fel twell, S. Gentles, N. Ha m lin, S. Ho lroyd, T. Hornsby, K. Jagels, A. Krogh, J. McLe an, 
S. Mou le, L. Mur phy, K. Oli ver, J. Osbor ne, M. A. Quail, M. A. Ra jan dre am, J. Ro gers, S. Rut ter, 
K. Se e ger, J. Skel ton, R. Squares, S. Squares, J. E. Sul ston, K. Taylor, S. Whi te he ad, B. G. Bar rell: 
Nature, 393 (1998) 537-544.

  [5] A. E. Be lan ger, J. M. Ina mi ne: Ge ne tics of cell wall bi osy the sis. In Mo le cu lar Ge ne tics of My co bac te ria.
Ed. G. F. Hat full and W. R. Ja cobs Jr.,  ASM Press, Wa shing ton, D.C., 2000.

  [6] M. Be lá òo vá, P. Di a ni� ko vá, P. J. Bren nan, G. C. Com ple to, N. L. Rose, T. L. Lo wa ry, K. Mi ku �o vá: 
J Bac te ri ol, 190 (2008) 1141-1145.

  [7] K. Mi ku �o vá, H. Hu ang, T. Yagi, M. Hol sters, D. Ve re ec ke, W. D�Haeze, M. S. Scher man, P. J. Bren nan,
M. R. Mc Ne il, D. C. Crick: J. Bac te ri ol. 187 (2005) 8020-8025.

  [8] K.S. Sus lick: Kirk-Othmer en cy clo pe dia of che mi cal tech no lo gy. 4th ed, J. Wi ley & Sons, New York, 
26 (1998) 517-541.

  [9] Con stant sys tems LTD. Cell di srup ti on so lu ti ons. Avai la ble from: www.con stant sys tems.com.
[10] K. Mi ku �o vá, M. Be lá òo vá, J. Kor du lá ko vá, K. Hon da, M. R. Mc Ne il, S. Ma ha pa t ra, D. C. Crick, 

P. J. Bren nan: J Bac te ri ol, 188 (2006) 6592-6598.
[11] M. S. Scher man, L. Kal be-Bour non ville, D. Bush, Y. Xin, L. Deng, M. Mc Ne il:

J Biol. Chem, 271 (1996) 29652-29658.
[12] J. Folch, M. Lees, G. H. Slo a ne Stan ley: J. Biol. Chem, 226 (1957) 497-509.
[13] J. S. Rush, J. G. Shel ling, N. S. Zin gg, P. H. Ray, C. J. Wa ech ter: 

J. Biol. Chem. 268 (1993) 13110-13117.
[14] W. W. An gus, R. L. Les ter: Arch. Bi o chem. Bi o phys, 151 (1972) 483-495.
[15] M. Fu tai: J. Mem bra ne Biol. 15 (1974) 15-28.
[16] M. Re zwan, M. A. La ne el le, P. San der, M. Daf fe: J Micro bi ol Methods, 68 (2007) 32-39.
[17] J. Vau bour ge ix, F. Bar dou, F. Bo is sier, S. Ju li en, P. Con stant, O. Ploux, M. Daf fe, A. Que mard, 

L. Mou rey: J. Biol. Chem. 284 (2009) 19321-19330.
[18] Y. S. Mo ri ta, R. Ve lasquez, E. Taig, R. F. Wal ler, J. H. Pat ter son, D. Tull, S. J. Wil li ams, 

H. Bill man-Ja co be, M. J. Mc Con ville: J. Biol. Chem, 280 (2005) 21645-21652.

72                    H. ŠKOVIEROVÁ, J. KORDULÁKOVÁ, K. MIKUŠOVÁ


