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Ab stract: Cell dis rup tion is a cru cial step to ob tain cel lu lar com po nents for var i ous bi o log i cal stud ies.
There ex ists a wide spec trum of re li able meth ods for cel lu lar dis in te gra tion rang ing from en zy matic
di ges tion of the cell en ve lope to high-pres sure dis rup tion. High-pres sure ho mog e ni za tion is a fa vour ite
method of mi cro bial cell dis rup tion ap pli ca ble at large scale, be cause of its ef fec tive ness and ra pid ity to
han dle var i ous sam ple vol umes at low cost. Mi cro bial cells are lysed by shear forces re sult ing from
forc ing the sus pen sion through a small or i fice un der the high pres sure. Since high-pres sure
ho mog e ni za tion causes mi cro bial cell dis rup tion, it can cause re duc tion of mi cro bial pop u la tion as well. 
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1. In tro duc tion

Mi cro bial cells pres ent par tic u lar dif fi cul ties in the ap pli ca tion of stan dard ex trac tion
meth ods be cause of their thick and chem i cally refractile cell walls. The mi cro bial cell en -
ve lope has of ten a de cided pro pen sity to be have as a mo lec u lar fil ter, al low ing the
translocation of mol e cules in or out ac cord ing to their sizes even when the cell mem brane
in teg rity has been de stroyed com pletely [1]. More over, while pro vid ing ri gid ity, the mi cro -
bial cell wall acts as a bar rier, pro tect ing the protoplast from phys i cal or os motic in jury.
Thus, the mi cro bial cell wall is ex tremely dif fi cult to elim i nate com pared with mam ma lian
cell mem brane [2].

Cell dis rup tion (lysis) is a cru cial step to ob tain intracellular com po nents for var i ous
re search stud ies in bi ol ogy (ex trac tion of nu cleic ac ids for sub se quent pu ri fi ca tion, iso la -
tion of intracellular en zymes, re trieval of re com bi nant pro teins pro duced in cell and tis sue
cul tures, proteomic anal y ses). It con sti tutes an es sen tial step in down stream pro cess ing, as 
it has a con sid er able in flu ence not only on the to tal quan tity of the ma te rial re cov ered, but
also on its bi o log i cal ac tiv ity, as so ci a tion with other cel lu lar com po nents, and the pos si ble 
in ter fer ence of proteolytic deg ra da tion, ox i da tion or con tam i nants that may in flu ence the
sub se quent pu ri fi ca tion steps [3, 4].
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2. Cell dis rup tion meth ods

A wide va ri ety of meth ods can be used to break up mi cro bial cells, each one hav ing its
ad van tages and dis ad van tages. Vig or ous me chan i cal treat ments re duce intracellular ex -
tract vis cos ity but can re sult in the in ac ti va tion of la bile pro teins by heat or ox i da tion. On
the other hand, gen tle treat ments may not re lease the tar get pro tein from cells, and re sult -
ing intracellular ex tracts are ex tremely vis cous [4, 5]. The choice of dis rup tion method de -
pends on the cell type/or i gin and the cell wall com po si tion. Gram pos i tive bac te ria are
eas ily dis rupted by en zy matic treat ment alone. In Gram neg a tive bac te ria, the outer lipid
bilayer must be permeabilized first - to ex pose the cell wall peptidoglycan to en zy matic di -
ges tion. The de ter gent lysis re agents have proved to be ex tremely ef fec tive for outer mem -
brane permeabilization [3, 5]. Yeasts are more dif fi cult-to-dis rupt than bac te ria. Their
thick com plex cell walls com pose up to 25% of the cells’ dry weight. Typ i cal com po nents
are glucans, cel lu lose, mannoproteins, and chitin in ter con nected by co va lent, disulfide,
hy dro gen, and hy dro pho bic bonds. Cell dis rup tion tech nol ogy in cludes two ba sic groups
of meth ods - non-me chan i cal and me chan i cal [2, 5]. 

Non-me chan i cal meth ods in clude chem i cal permeabilization (cationic/an ionic de ter -
gents), phys i cal dis rup tion (os motic shock, pres sure re lease, freez ing/thaw ing), en zy -
matic permeabilization (use of lyticase, zymolyase, proteinase K) [2]. These meth ods are
gen er ally ap plied when the sam ple of in ter est con sists of eas ily lysed cells (tis sue cul tures, 
blood cells, some mi cro or gan isms) or when only a par tic u lar subcellular frac tion is to be
an a lyzed (cy to plas mic pro teins, in tact organelles e.g. mi to chon dria) [6].

Me chan i cal meth ods in clude ul tra sonic dis rup tion (sonicator), me chan i cal ag i ta tion
(ho mog e nizer, mor tar and pes tle, blender, glass beads) and pres sur ized dis rup tion (French 
press) [2]. These meth ods are em ployed when cells are less eas ily dis rupted (cells in solid
tis sues, cells with tough cell walls). More vig or ous lysis meth ods ob vi ously re sult in com -
plete dis rup tion of cells [6].

Me chan i cal meth ods of high-pres sure ho mog e ni za tion and bead mill ing are fa vour ite
meth ods for the use at large scale, be cause of their ef fec tive ness, ra pid ity to han dle var i -
ous sam ple vol umes and low cost. Ultrasonication, chem i cal re agents in clud ing de ter -
gents, en zy matic treat ments, freeze-thaw cy cles, en zy matic meth ods com bined with
chem i cal or phys i cal tech niques are also very ef fec tive and are used more fre quently in
lab o ra tory, es pe cially in microscale [5].

3. High-pres sure ho mog e ni za tion

High-pres sure dis rup tion has been ef fec tively ap plied for dis rup tion of mi cro or gan -
isms, plant and an i mal cells for de cades and the equip ment and mech a nisms in volved have 
been de scribed in de tail in the lit er a ture [5, 7-9]. This tech nique be longs to time con sum -
ing meth ods com pared e.g. with ultrasonication. Since the heat gen er a tion is neg li gi ble,
the bio chem i cal in teg rity of the sam ple is pre served. The method is very ef fec tive as it
leads to nearly com plete break age of cells and min i mal sam ple loss com pared with other
meth ods such as grind ing. The only draw back is the cost of the equip ment [2].

High-pres sure ho mog e niz ers op er ate by forc ing a pres sur ized cell sus pen sion through
a nar row or i fice be tween the valve and the valve seat (Fig. 1). The fluid leaves the gap in
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the form of a ra dial jet that stag nates on an im pact ring. Fi nally, it ex its the ho mog e nizer at
low ve loc ity and es sen tially at mo spheric pres sure [8, 9]. Cell dis rup tion is caused by three 
dif fer ent mech a nisms: im pinge ment on the valve, high liq uid shear in the or i fice, and sud -
den pres sure drop upon dis charge, caus ing fi nally an ex plo sion of the cell. Uni ver sal ac -
cep tance for a sin gle mech a nism has not been reached. How ever, lat est re search has
shown that fluid shear stress is the main cause of cell break age [5, 10].

Many di rect and in di rect meth ods ex ist for mea sur ing the de gree of cell dis rup tion. In -
di rect meth ods mea sure the re lease of spe cific en zymes or to tal pro tein from the cells dur -
ing the dis rup tion pro cess [9]. Ac cord ing to Hether ing ton et al. [11], cell dis rup tion, and
con se quently the rate of intracellular pro tein re lease, is a first-or der ki netic pro cess de -
scribed by the re la tion:

log[ / ( )]R R R k N Pm m
a- = ´ ´

where R is the amount of sol u ble pro tein, Rm  is the max i mum ob tain able sol u ble pro tein, k
is the tem per a ture de pend ent rate con stant,  N is the num ber of passes through the ho mog e -
nizer, P is the op er at ing pres sure, a is the pres sure ex po nent.
The value of the su per script a is a mea sure of or gan ism re sis tance to dis rup tion and dif fers
for di verse or gan isms. For a given or gan ism, a has been found to be de pend ent on its
growth his tory [12].

High-pres sure ho mog e niz ers can be di vided into three ma jor classes: valve-type pro -
ces sors, fixed-ge om e try pro ces sors (microfluidizers) and con stant pres sure pro ces sors
with fixed or i fice. The valve may be a sim ple re strict ing nee dle as in the French Press or
can have a more com plex de sign with a com bined valve seat and im pact ring found in the
APV Manton-Gaulin ho mog e nizer [3, 5].

Fixed-ge om e try fluid pro ces sors (microfluidizers) dif fer from other high-pres sure ho -
mog e niz ers. The in stru ment pres sur izes and ac cel er ates split streams of the cell sus pen -
sion by the gas driven pump ing of the liq uid through fixed-ge om e try microchannels
(ob vi ously at 20-30 kpsi). The two high-ve loc ity streams di rectly im pinge on each other
cre at ing very high shear forces and pres sure drop as the sus pen sion ex its the de vice.
Microfluidizers range from the lab o ra tory mod els pro cess ing small sam ple vol umes
(25 ml) to the bio tech no log i cal pro cess mod els with up to 900 l.h-1 through put [5, 7].

Con stant pres sure pro ces sors are hy drau li cally op er ated dis rup tion in stru ments where
the sam ple is passed through a very small and fixed or i fice. These cell disruptors func tion
sim i larly to the orig i nal French Press; how ever, un der con tained and re peat able con di -
tions (the de sired pres sure is main tained through out the pro cess). Use ful fea tures of these
pro ces sors in clude the abil ity to achieve a max i mum pro cess pres sure of 40 kpsi and a
built-in cool ing jacket. The Con stant Sys tems in stru ments are avail able in a sin gle shot
bench (1–20 ml) to con tin u ous pro cess scale (405–565 ml.min-1) mod els (Fig. 2) [5].

High-pres sure ho mog e niz ers con sti tute an es sen tial part of many in dus trial ap pli ca -
tions. In the phar ma ceu ti cal, cos metic, chem i cal and food in dus tries high-pres sure ho -
mog e ni za tion is used for prep a ra tion or sta bi li za tion of emul sions and sus pen sions, for
cre at ing phys i cal changes, such as vis cos ity changes, in prod ucts. Since high-pres sure ho -
mog e ni za tion can be ap plied for cell dis rup tion of dense mi cro bial cul tures, it can be an -
tic i pated that high-pres sure ho mog e ni za tion will also cause a par tial in ac ti va tion of the
mi cro bial pop u la tion. This re duc tion of mi cro or gan isms, al though not be ing the pri mary
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pur pose of the pro cess, is also po ten tially in ter est ing since it may re sult in an ex tended
shelf-life and im prove the mi cro bi o log i cal safety of the pro cessed prod ucts [9, 13, 14].

In con clu sion, the unique of pro teins and dif fer ences in cel lu lar en ve lope struc tures
force a high de gree of em pir i cism in se lec tion and op ti mi za tion of cell dis rup tion and ex -
tract prep a ra tion tech niques. How ever, a lot of tools and meth ods for suc cess ful iso la tion
of bi o log i cal ex tracts are avail able and have kept pace with the de mands of mod ern struc -
tural and func tional proteomics [5].
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Fig. 1. The flow path through a sim ple ho mog e niz ing valve.

Fig. 2. High-pres sure ho mog e nizer (One Shot Model, Con stant Sys tems Ltd.).
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