
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 1 1 ( 2 & 3 ) ,  653-662 (1985) 
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A b s t r a c t  - 

The role displayed by different criteria, to furni.sh the optirrnl 

experimental conditions, €or controlling the rate of lysis of R1. lyso- 

deikticus substrate suspensions with lysozyme, has been well defined. 

According to the constructed calibration curve obtained, lysozyrie con- 

centrations, as low as, 0.3 and up to 50 ug/ml could be accurately 

determined with a high, analytical sensitivity and statistical re1 iab- 

ility. Statistical analysis of different sets of experiments, carmri ed 

out at various enzyme concentration levels, in terms of, Lhe relative 

standard deviation and limit of error at P = 0.99, w e r c  found t u  bc 

2.55 percent and f 0.032, respectively. 

Evidence on the stability of M. lysodcikticus susp,ensi.ons fur the^-, 

revealed that, substrate dispersions stored in a refrigerator’ show 

neither any appreciable loss in their, initial absorbance, nor en(. i re 

original 1yl;ic susceptibility towards lysozpe, within 10 &ys st-orage 

peri od. 

INTRODUCTION 

The susceptibility of microorganisms 1 o lysozyme 1 s nwinly rest ri - 

cted to the ability of the enzyme to lyse the wall strclctuic of bactcricil 
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65 4 EL-NIMR 

cel.1~. Lysozyme is a glycosidase which hydrolyses the ]xptidoglyc,u-~ 

component of bacterial cell walls, specifically at the 

sidic linkages between the N-acetylmramic acid =and N-acetylglucosamine 

moieties (1-4). 

(-1 - 4)  glyco- 

The dissolution of bacterial cells, is the essential phenomenon, 

whereby the presence of lysozyme could be detected. Quantitatively, 

the assay method favored by most investigators entails, a spectrophoto- 

metric measurement of the rate at which an enzyme sample cou1.d clear 

up turbid suspensions of specified, microorganisms or substrates. 

The wavelengths at which measurements were monitored, -the way or relat- 

ing the empirical data to enzymic activity (5-15), the addition of 

stabilizers (16) and/or sensitizers (17,18), represent the main differ- 

ent features among these reported methods. 

The clearing phenomenon is a complex process. Under aplxwpriate 

conditions, the dissolution of the cellwall proceeds to or' near comple- 

tion. In other cases, the substrate - enzyme interactions do occur, 

but without disruption of the cells (19) and/or a substantial amount 

of debris may remain ( 2 0 ) ,  where no or little absorbance change could 

be detected. The latter cases, may explain the divergence and lack of 

reproducibility among the optical data taken for, a given sample of 

materials, in spite of, the fact that, all measurements were carried 

out under one and the same set of circumstances. 

In a course dealing with drug - lysozgme inter3actions (21-25) 

and its consequences on the lytic activity of the enzyme (261, it was 

deemed of prime importance to establish Eirst an accurate, simple and 

sensitive assay method for standardization of the enzyme, 

assay mst be devoid from additives which m y  show any tendency to inter- 

act with the  main reactant components, namely, drug, enzyme and/or 

substrate. The addition of FDTA as a stabilizer (161, or bovine serum 

Such an 
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DETERMINATION OF LYSOZYME ACTIVITY 655 

albumin (BSA), as a sensitizer (17,181, by some workers, c m o L  be 

adopted herein. The chelating agent EDTA, not only potentiates the 

enzyme activity (27), but also may be considered as a lytic agent per se, 

towards certain bacterial strains (28-31). Similarly, the inclusion 

of BSA i.n the reaction medium, particularly, at a relatively higher 

molar ratios compared with that of I.ysozyme (17 ,18 ) ,  is again not recomn- 

ended in the present investigation. This m y  be attribut,ed to the f-act 

that, in analogy to other plasma proteins, BSA shows a binding tendency 

towards less smaller molecules or ligands(&ugs and/or’ substpates). 

The present investigation is therefore, a contribution to furnish 

the optimal experimental conditions for detection rvld micro-quantitation 

of substrate - lysozyme complexes, specifically, at the s tep  where the 

reaction kinetics proceed to or near completion. 

EXPERIMENTAL 

Materials and Methods 

Hen egg-white lysozyme, 2-times crystallized, lot No. E2-3431 

(specific activity 14,170 units/mg), Schwarz/b!ann, Orangebury, N. ‘1’. 

Micrococcus lysodeikticus, dried cells (M-o128), lot No. 98C-0266 , 

Sigma Chemical Co., St. Louis, MB. Other chemicals are of analytical 

grade. Triple distilled water from all glass apparatus was used through- 

out. Buffer solutions used for the preparation of a l l  test samples were 

also previously sterilized by autoclaving at 15 lb. for 20 minutes. 

Stock solutions of lysozyme (1 x 104bl ) ,  were prepared in 0.1M 

phosphate buffer aglusted at pH 7.4 with a pH-meter model 7020 (Electronic 

- Instruments Ltd. - England). The molarity of the enzyme was calculat- 

ed on the basis of 14,400 (32, 33). Enzyme solutions were then filtered 

through 0.45 urn pore size Millipore filter (Millipore-Bedfor’d,~) (34). 
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656 EL-NIMR 

Substrate suspensions were made up by suspending 5 rrg of M. lyso- 

dt~~I~ticus, dried cells, in 5 m l  of the same buffer system, triturate 

gently f o r  2 mmutes, but avoid shaking, then mix w i t h  an +propr‘idLe 

buffer to give a final 1lution of ca. 0.25 mg/ml .  

3 ml volume or substrate suspension w a s  ptpetteci into d &y square 

silica cell, 1 cm path length. Lysozyme solut ions werc iiijected by m 

Eppendorf micropipette of 100 u l  volume (Eppendorf - I lamburg, W. Gerncu-iy) , 

then mixed quickly with the substrate. Simultdneously, d Cecil Double 

B<.em Digital U. V. 5p~ctrophotometer, model CE 595, f ~ t l e c t  with (‘L 500 

Control - Record b l o d u l e  (Cecil Instruments - Cngh-id), bL+b cir*ranged <IL 

Lhe specifled wavelensh. In the meantme, the Lime-drive at tachiicrit 

was adJusted to give a rate of one chart unit/minuie. I n  a 1  I c 

runs w e r e  recorded at 21 1 OC, for 10 minutes, w i l e s 5  otherwise 5t.itd. 

L,ytic activities of Iysozynie were expressed as per-ccntnges 01’ 

the relative inhibi.tion. This parameter was cnlculaled trcor-dirng L o  

Lhe followi.ng equation: 

AO - A3 x 100 

AO 

Where A. - A3, is the reduction in the optical  density CJf’ subsLr,ate 

suspensions, induced af ter  3 minutes incubation Lime wit ti I he c n z p r  swnple. 

RESULTS AND DISCUSSION 

Figure 1 illustrates the various absorbance - time prof’i I.es ,lor 

substrate - lysozyme interactions, compared at two enzyme concentrat I un 

levels, viz., 2 . 5  and 5 x IO-~M. 

different m s ,  measurements were checked at 450 and 570 run ,  the wave- 

lengths arround which most reported assay methods have becn conducted. 

TO assess the retink>i1ity oi- the 

The find1 ngs obtained demonstrate that, meastirements m o n  L t o r td  

at 570 nm, are nevertheless unsuitable fo r  accurale evdl~i~iLioii of the. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DETERMINATION OF LYSOZYME A C T I V I T Y  65 7 

1.00' 

0.7 5 

aJ 
U 
C 
0 
13 0.50 
5 
m 
13 
Q 

0, 2 5  

0 .  O( 1 I I 

0 5 10 15 
T ime i n  M i n u t e s  

F I G U R E  1 

Comparison of the sensitivity, reproducibility and initial linearity 
of the different m s  at 21 f 1 OC, as a function of monitored wave- 

lengths and lysozyme concentration ( M  x lom5). 

2.5 and 5.0 IO-~M -.-.-.- 

time of onset and completion of lysis reactions. 

bility, limit of sensitivity (A570 ca. 0 . 7 )  and the curvilinear character- 

istics of the different ms performed at this wavelength, cannot be 

improved by the addition of either EDTA (16) or BSA (17,181, as previously 

declared. 

The lack of reprcduci- D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EL-NIMR 

On the other hand, runs carried out at 450 run wavelength, under 

the same seL of circumstances, were found to be morta ddvmtageuus, i n  

terms of, its high iulalylicdl sensitivity (A 450 ~ d .  0.9501, reproduci- 

bility and tracing of reaction completion, as clearly reflected by the 

appedrance of an initial rectilinear part in conjuric-tion with edch ciirve. 

Starting f r o m  a fixed absorbance value A450 = 0.950, the linear 

characteristics of the different runs were analyzed in relation to the 

enzyme concentrat.ion ( 5  x 10 - 1 x IO-~M). rt would appem rrom 

Figire 2 that, in all cases, a sensible initial straight line wils const- 

ructed as a part of each curve. 

Erom linearity after varying time intervals, were f'ound to i.ncrease wi t.h 

decreasing in lysozyrne concentration. 

-6 

The linear sigments which deviated 

Due t o  the complexity of the clearing phenomenon (16,19,20), it 

m y  be considered plausible to generate a calibration curve on the basis 

of the linear sigments obtained, in relation to the various enzyme concell- 

trdtion levels, where the kinetics of substrate -1ysozyme interactions 

seems to proceed regularly with respect to time. Figure 2 illustrates 

again that,the intersection for the different curves after 3 minutes 

incubation time, wouldpass entirely through the linear sigments corresp- 

onding to enzyme concentrations, covering the range between 0.5 and 

2.5 x 10% . Plotting percentages of the relative inhibition versus 

lysozyme concentration (0.5 

straight line (Figure 3). 

- 2 . 5  x 10-5M), would result in a fairly 

The reliability of the assay method was further checked at bffer -  

ent enzyme concentrations, each concentration level was presented by 

10 determinations. F o r  each assay, an identical freshly prepared tesL 

smples were examined under one and the same experimental conditions 

previously described. Statistical analysis of the different sets of 

measurements, in terms of, the relative standard deviation ( R . S . D . )  
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T ime  i n  M i n u t e s  

F I G U R E  2 

CffecL of lysozyme concentration, on the rate of lysis O T  M. Iysodei- 

lcticus substrate suspensions at 21 t 1 "C. 

were prepared 111 0.1M phosphate buffer of pH 7.4 'urd sCmderdized <it 

an initial A = 0.950 

Substrilte d1 s p e r s i o n i  

450 

and Limit of error at P = 0.99 (L. E. o.99), are sho~m in T,iblc. 1. 

The average values For 17 .5 .D .  m d  L,.E. 

'and 2 0.032 , respectively. Compared with calcul'itions b,isc.d on , 

tangents drawn at Lero time or after reaction t i m e s  of m ~ ~ r r n m  one minute 

(14,35-37), the mgnified values of A Aq50 obtained after 3 minutes 

were found to bc 2.55 percent 0.99' 
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F I G U R E  3 

A calibration curve for lysozyme. Percentages of relative inhibition 

versus enzyme concentration at 450 wavelength and 2 1  k 1 OC. 

incubation period, have been proved also to be highly reproducible and 

ultrasensitive. 

The present investigation considered also, one of the mjor short- 

coming interrelated to almost all published assay methods, namely, 

restriction on the usage of only freshly prepared substrate suspensions. 

Under the experimental conditions adopted, dried cell suspensions of 

M. lysodeikticus, stored in a refrigerator were found to retain all 

their, initial A450 values, as well as, original susceptibility towards 

lysozyme, within 10 days storage period. A substrate sample withdrawn 
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daily during the storage time and analyzed, at various enzyme concentra- 

tion levels, yield in all cases, identical calibration curves, without 

any 
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appreciable change in the reliability of the assay method. 
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