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ABSTRACT 
Bacterium that utilizes cyanide compounds (e.g. potassium ferrous cyanide, sodium thiocyanate, amygdalin and 

formamide) as a nitrogen source was isolated from industrial wastewater of electro plating plant. The isolate could 
tolerate and grow in the presence of sodium cyanide in the growth medium up to 20 mM. Ammonia, formate and / 
or formamide were found as metabolites of cyanogenic compounds produced by the isolated bacterium. Maltose and 
sucrose are better than glucose when used as carbon sources by this isolate. Thus, the isolated bacterium could be sur-
vived in different wastes containing maltose or sucrose. The results indicated that, the bacterial isolate was identified
as Escherichia coli, which can be used as a promising tool to biodegrade and detoxificate wastewater and food staff
containing cyanogenic compounds as bitter almond. Further study is recommended.
Keywords:  Escherichia coli, cyanide, biodegradation, wastewater

INTRODUCTION
Cyanide is widely used in chemical industries 

in a variety of process such as metal plating, coal 
gasification, pharmaceuticals, agro-chemical indus-
tries, mining and synthesis of organic compounds 
(Raybuck, 1992, Watanabe et al., 1998). Plants 
also are potential sources of cyanogenic glycosides 
which liberate HCN after their hydrolysis (Fran-
cisco & Pinotti 2000). As a result of these activities 
large amount of cyanide is released to the aquatic 
environment (Towill et al., 1978). It is estimated 
that about three billion liter of cyanide derivatives 
were released to the environment annually through 
various industries (Fiksel, 1981). 

Cyanide has a great toxic effect on various liv-
ing organisms including humans. Cyanide reduces 
ferricytochrome oxidase (an iron-containing met-
alloprotein) to ferrous cytocrome oxidase which 
transfers the electrons to O2 (Jeong et al., 2005). 
Although, there are different chemical and physical 
degradation methods used to reduce and / or elimi-
nate cyanogenic compounds, huge amounts of tox-
ic by- products are released in the aquatic environ-
ment (Karavaiko et al., 2000).On the other hand, 
cyanide biodegradation decrease the accumulation 
rate of toxic compounds (Adjei & Ohta, 1999).
Based on this fact, the strategy to eliminate cyanide 
containing wastes have turned to biodegradation 
process using microorganisms.  Ingvorsen et al., 
(1991) purified and characterized a cyanide hy-
dolyzing enzyme from Alcanigenes xylosoxidans  

sub sp. denitrificans. Furthermore, Kang and Kim 
(1993) isolated a mixed culture of cyanide degrad-
ing bacteria including species of Serratia, Kleb-
siella pneumnoniae, Moraxella and Pseudomonas. 
Also, Ebbs, (2004) demonstrated that there are four 
general pathways for the biodegradation of cya-
nide: hydrolytic, oxidative, reductive, and substitu-
tion/transfer. 

The present work was carried out to isolate 
and characterize cyanide degrading bacteria from 
industrial wastewater in Cairo, Egypt. Moreover, 
to study the capability of this isolate to use differ-
ent disaccharides (maltose and sucrose) as a carbon 
source instead of glucose. Metabolic by-products 
of cyanogenic compounds via bacterial isolate were 
also investigated

MATERIALS AND METHODS
Materials

Amygdalin, sodium cyanide, potassium fer-
rous cyanide, sodium thiocyanate and formamide 
were obtained from Sigma. All the reagents used in 
this study were of analytical grade.

Methods
Isolation and identification of bacterial isolate
The strain under study was isolated from 

wastewater samples from oxidation ponds of an 
industrial plating factory located in Cairo, Egypt. 
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Plate dilution method was performed to select 
an isolate which was purified by the streak -plate
method (James and Natalies, 1998). Pure bacte-
rial isolates were tested against NaCN using Luria 
broth medium (LB) supplemented with NaCN so-
lutions at definite amounts.  Plates were incubated
at 37°C. Daily visual examination was done to 
determine bacterial growth as indicated by colony 
formation. The isolated bacteria were identified ac-
cording to the characteristics described by Sneath, 
et al., (1986), James & Natalies, (1998) using mor-
phological and biochemical tests.

Testing for cyanide resistance
The Minimal inhibitory concentration (MIC) of 

each strain was determined according to Babu et al., 
(1995). The isolated strains were grown overnight 
in test tubes contained LB broth medium which 
contain different concentrations of either NaCN, 
K3[Fe(CN)6], NaSCN or formamide, individually. 
The tubes were incubated at 37°C in shacking incu-
bator at 200 rpm for 120 hr. Turbidity measurement 
was used as an indicator for bacterial growth and 
was determined by the growth amount using spec-
trophotometer type Smart spec TM3000, USA at a 
wave length of 450 nm (Sandor et al., 2003).

Cyanide biodegradation
 Preparation of bacterial cell suspension
The isolated strain was grown in LB medium 

with 1 mM NaCN for 24 hr and harvested in the ex-
ponential growth phase by centrifugation at 4000-
5000 rpm for 15 min. 

The pellet was washed up twice with 50 mM 
phosphate buffer (pH 7.4). A suspension of washed 
cells was resuspended in the same buffer. The bac-
terial amount in the prepared suspension was ad-
justed to reach optical density equals to 1 at a wave 
length of 540 nm (Watanabe et al., 1998). 

Assay of cyanide biodegradation 
Aliquot 0.5 ml of prepared bacterial suspension 

was inoculated into 50 ml Minimal medium (M9). 
The medium  containing  K2HPO4 (1.00g),  KH2PO4 
(3.40g), NaCl (0.45g), KCl (0.50g), MgSO4.7H2O 
(0.50g), FeSO4.7H2O (0.01g), Glucose (10.00g per 
liter) and was sterilized by autoclaving at 121°C 
for 20 min. Then the medium was supplemented 
with different concentrations of sodium cyanide 
(0.2, 0.4, 0.6, 0.8, 1, 1.2mM) in  100-ml Erlen-
meyer  flasks. The flasks were incubated at 30°C
with continuous shaking at 200 rpm. Samples were 

withdrawn to monitor the amount of cell growth 
via measuring the optical density at a wave length 
of 540 nm and the ammonia content of the culture 
medium (Adjei & Ohta, 1999).

Effect of carbon source on cyanide biodeg-
radation
The effect of carbon source on cyanide bio-

degradation was studied using maltose and sucrose 
as alternatives to glucose at concentration of 1% 
in the growth medium as a carbon source on cya-
nide biodegradation. Turbidity measurements were 
used as indicator for   bacterial growth where it was 
measured by using a spectrophotometer (Smart 
spec TM3000, USA) at a wave length of 540 nm ac-
cording to Adjei & Ohta, (1999), Figuerira et al., 
(1996) and Sandor  et al. (2003). 

Determination of Substrate Specificity
The ability of the isolated strain to utilize cya-

nide related compounds was checked by growing 
the bacterial isolate on different organic and inor-
ganic cyanogenic compounds. Washed cells of bac-
terial isolate were suspended in 50 mM phosphate 
buffer (pH 7.4) with an O.D540 of equal 1. Aliq-
uot 0.5ml of the suspension was inoculated into 50 
ml M9 medium. A substrate NaCN, K3[Fe(CN)6], 
NaSCN or formamide  was added to a final concen-
tration of 0.2 % (w/v). The culture was incubated 
at 30°C and at 200 rpm for 120 hr and the amount 
of growth was determined as described by Adjei & 
Ohta, (1999).

Detection of the metabolic by-products of 
some cyanogenic compounds
The ability of bacterial isolate to degrade vari-

ous cyanogenic compounds was studied by the de-
termination of the formate and formamide as sec-
ondary metabolic by-products (ammonia is main 
metabolic product) using HPLC analysis with a 
SCX 10μ (4.6mm × 25cm) Ion-exchange column. 
The mobile phase was 5 mM H2SO4 maintained at 
a rate of 0.5ml/min. The column was maintained at 
room temperature. 

Absorbance was measured at 210 nm (Adjei 
& Ohta, 1999). This estimation was occurred out 
using M9 medium after bacterial growth on each 
cyanogenic compound.

Determination of cyanide and ammonia in 
the growth medium
The M9 growth medium was centrifuged at 

15,000 rpm for 10 min at 4˚C. An aliquot (50 µl) 
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of the supernatant was taken to determine cyanide 
concentration according to Fisher and Brown (1952) 
by adding 100 µl of 0.5 % (w/v) picric acid in 0.25 
M Na2CO3 solution. The mixture was boiled for 5 
min in a water bath and cooled to room temperature 
using tap water. The total volume was completed 
to 1000 µl with about 0.85 ml distilled water. The 
absorbance was measured at a wave length of 520 
nm against a blank of distilled water and picric acid 
reagent. A standard curve was performed using so-
dium cyanide solutions (0.05to 0.3mM) according 
to Adjei & Ohta, 1999. 

Ammonia was assayed by mixing 0.5 ml the 
sample with an equal volume of 1:3 diluted com-
mercial Nessler‘s reagent. The mixture was mixed 
well and absorbance of solution was measured 
spectrophotometericlly at a wave length of 420 nm 
using ammonium chloride as standard (0.05 to 0.3 
mM) according to Adjei & Ohta, (1999).

Statistical analysis
All experiments in this study were analyzed 

using complete randomized design according to 
Steel & Torrie (1980).  

RESULTS AND DISCUSSION
Identification of the bacterial isolate

The morphological and physiological charac-
teristics of the isolated bacterial strain were summa-
rized in Table (1). These results demonstrated that 
the isolated strain is suggested to be Escherichia 
coli according to characteristics and properties de-
scribed by Sneath, et al., (1986).    

Cyanide resistance of the bacterial isolate
The minimal inhibitory concentration (MIC) 

was defined as the lowest concentration of the in-
hibitor above which no growth was observed (Sil-
va-Avalons et al., 1990). 

The present results indicated that the MIC of 
the E. coli isolate was characterized by high re-
sistance to several cyanogenic compounds such as 
NaCN, K3[Fe (CN)6], NaSCN and  amides such as 
formamide as shown in Table (2) and (3). 

Table (2) shows that the highest growth of E. 
coli was detected when the growth medium con-
tained 5 mM NaCN. The growth was decreased as 
the concentration of NaCN increased. The lowest 
growth was found when bacterial media contained 
20 mM NaCN. 

Table 1: Morphological and physiological char-
acteristics of the bacterial isolate

Characteristics    Strain
Morphology short rod                   
Mobility +
Gram’s reaction       –       
Growth at 

30°C Grow well                    
37°C Grow

Biochemical properties
Oxidase –
Catalase +
Indole +
Methyl red +
Voges -Proskauer      –          
Citrate –            
Urease   – / F

Sugar fermentation 
Glucose + (A)
Lactose +       
Mannitol           +

Resistant to:
Ampicilin +
Kanamycin      +

Yellow Pigment +             
Growth in KCN +

+, positive; -, negative
A, produce acid; F, fermented glucose 
Table 2: The effect of NaCN concentration on 

the growth of  E. coli isolate
NaCN  (mM) * Amount of bacterial growth 

Control 3.694 ± 0.001
5 2.820 ± 0.004a

10 2.647± 0.012b

15 1.593 ± 0.003c

20 0.080 ± 0.006d

25 0.073± 0.004d

26 ---
Total mean 1.44 
LSD0.05 0.01650

In column, means having the same superscript letters are 
not significantly different
M±SD = Means ± Standard Deviation for three replica-
tions (n=3)
* Amount of bacterial growth was expressed as optical 
density of the growth medium 
(LB medium) using spectrophotometer at 540 nm 
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In conclusion, the MIC value of NaCN for E. 
coli was 25mM. These results could be related to that 
the E. coli isolate tolerated relatively high concen-
trations of NaCN. Similar results were obtained by 
Neims & Hellerman, (1962), Skowronski & Strobel, 
(1969) using Bacillus pumilius. Also, in this respect, 
Adjei & Ohta (1999) stated that strain Burkholderia 
cepacia can tolerate KCN up to 25 mM.

Refering to Table (3) it could be noticed that 
the resistance of the isolated E. coli to NaSCN and 
formamide was higher than that against NaCN and 
K3[Fe(CN)6]. These results were reflected by the
growth yield achieved at various substrate concen-
trations as indicated by MIC of each cyanogenic 
compound.  That is due to the disassociation of 
NaCN in water yielding toxic CN- ligands. On 
the other hand, in case of K3[Fe(CN)6], cyanide is 
tightly bound to the K and Fe atoms and thus is un-
able to impart any toxicity. 

Souza- Fagundes et al. (2004) mentioned that 
the MIC of NaSCN for Pseudomonas was up to 
45 mM which is less than (95mM) of the E. coli 
isolate. That was due to the growth difference of 
genus and species activity as well.

Cyanide biodegradation
The biodegradation rate was expressed by 

measuring the bacterial growth rate. Fig. (1) shows 
that the high growth rate of the isolated E. coli is 
NaCN dependent. As the concentration of cyanide 
raised in the growth medium, the cell density in-
creased.  The growth was gradually decreased up to 
0.4 mM by increasing to NaCN concentration.

The growth of E. coli was also depended on 
the type of carbon sources as presented in Table 
(4). The highest growth rate was observed when 
the medium contained maltose followed by sucrose 
and the lowest growth was observed in the case of 
glucose. Washed cells of E. coli isolate failed to 
grow when NaCN is a sole source of carbon and 
nitrogen. The growth was observed when sugars 
were added to the medium as carbon sources.

Metabolic by-products of cyanide
Some bacterial strains are able to degrade 

cyanogenic compounds producing ammonia as a 
metabolic substance. The second metabolic by-
product is formamide and/or formate depending on 
the structure of cyanogenic compounds Babu et al., 
(1995).

Table (5) and Fig. (2) show that both of the E. 
coli converted NaCN to ammonia and carbon diox-
ide in the presence of glucose.  On the other hand, 

Table 3. Measurement of Minimal Inhibitory 
Concentration (MIC) of four cyano-
genic compounds on E. coli isolate

Cyanide com-
pounds

MIC mM * Amount 
of bacterial 

growth
NaCN 25 0.073
NaSCN 95 0.007
K3[Fe(CN)6] 75 0.004
Formamide 240 0.090

• Amount of bacterial growth was expressed as optical 
density of the growth medium.
(LB medium) using spectrophotometer at 540 nm

Fig. 1: Effect of NaCN concentration on the growth rate of E. coli as indication 
for the biodegradation process (using M9 medium)
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the E. coli could produced formate as a metabolite 
for both K3[Fe(CN)6] and NaSCN. These results 
suggest that the bacterial strain had more than one 
pathway to degrade cyanogenic compound and the 
end product depended upon the strain type and sort 
of cyanogenic compounds. These results awere as 
the trend reported by Faramarzi et al., (2004)

The present study demonstrated that the cell 
suspension prepared from the E. coli isolate could 
convert cyanides, thiocyanates into NH3 as a final
product. The conversion of cyanogenic compounds 
into NH3 was catalyzed by the bacterial enzyme 
(s). Also, the suspension of this isolate is capable 
to convert formamide into NH3. This suggests that 
bacterial enzymes not only convert CN- cyanide 
group to NH3 but also convert the amide group of 
formamide into NH3.

Substrate specificity
E. coli was capable to grow on a range of cya-

nide containing substrates as sole source of carbon 
and nitrogen (Table 6). The previous results dem-

Table 4: Effect of carbon source on the growth 
amount of the E. coli isolate 

Carbon Source
at a concentration of 1%

* Amount of bacterial 
growth

Maltose 0.858 ± 0.005a

Glucose 0.495 ± 0.004c

Sucrose 0.505 ± 0.010b

In column means having the same superscript letters 
are not significantly different at 5%   level by DMRT &  
L.S.D 0.05   = 0.0206
M ± SD = Means ± Standard Deviation for three replica-
tions (n=3) 
* Amount of bacterial growth was expressed as optical 

density of the growth medium (using M9 medium con-
taining NaCN)  using spectrophotometer at 540 nm

No growth was observed when the glucose was absent 
from the medium

Table 5: Metabolic by-products of some cyano-
genic compounds after degradation by 
E. coli

Type of 
Cyanogenic 
Compound 

Metabolic by-products
Forma-

mide (mM)
Formate 

(mM)
NH3 (mM)

NaCN ---- ---- 0.980
NaSCN ---- 33.500 0.530
K3Fe(CN)6 ND 34.03 0.250
Formamide ---- ND 0.310

---: Not found       ND:  Found in very low concentratio

Fig. 2. HPLC chromatogram of metabolic by 
products of cyanogenic compounds (formate and 
formamide) after degradation by E. coli isolate

Table 6.  Effect of cyanogenic compounds on the 
growth of isolated E. coli

Substrate                    Growth amount*
Inorganic

NaSCN 0.123±0.001
K3[Fe(CN)6] 0.135±0.003

Organic  
Amides (Formamide) 0.123±0.001
CN- glycosides (Amygdaline)    0.510±0.010

Means± Standard Deviation for three replications (n=3)
* Amount of bacterial growth was expressed as optical 

density of the growth 
Medium (using M9 medium containing 0.2% of each 
substrate)  using spectrophotometer at 540 nm
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onstrated that the E. coli isolate could use organic 
and inorganic cyanide compounds as sole source of 
carbon and nitrogen.

In other words, the isolated strain of E. coli, 
can use inorganic NaSCN and K3[Fe(CN)6] as a 
source of carbon and nitrogen. Further more, it can 
utilize amygdalin (cyanogenic glycosides) and for-
mamide (amides), as organic cyanide.

In conclusion, the isolated strain of E. coli is 
able to play an important role in degrading cyanide 
containing compounds which could be found in the 
environment, or in food stuffs containing cyano-
genic compounds. Further intensive investigation 
is recommended.
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