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Publication Conditions

In as much as Al-'Bahir- effulgent- Abualfadhal Al-'Abbas cradles his
adherents from all humankind, verily Al-Bahir journal does all the original
scientific research under the conditions below:

1. Publishing the original scientific research in the various scientific sciences
keeping pace with the scientific research procedures and the global common
standards; they should be written either in Arabic or English .

2. The research should not be published before under any means .

3. The research should adhere the academic commonalties; the first page
maintains the title, researcher name /names, address, mobile number under
condition that the name, or a hint, should never be mentioned in the context
and keywords should be written in Arabic and English as there is an abstract
in Arabic and English.

4. The Research studies should be delivered to us either via Journal website
http://albahir.alkafeel.net , after filling the two standard format the first with
the name of the researcher and the second without in Word .

5. The page layout should be (2)cm .

6. The font should be of (16 bold),Time New Roman, subtitles of (14 bold) and
also the context.

7. The space should be single, indentation should not be, as 0 before, 0 after
and no spacing, as 0 before, 0 after.

8. There should be no decoration and the English numeral should proceed to
the last text.

9. Any number should be between two brackets and then measurement unit,
for instance: (12) cm .

10. All sources and references should be mentioned at the end of the article
and categorized in conformity with Modern Language Association (MLA) ,
for instance :

Name of Author/ Authors, Journal Name Volume Number (Year) pages from
- to.

Similarly done in the Arabic article withy a proviso that superscript should be
employed.

11. There should be a caption under a diagram in 10 dark, Arabic and English;

for instance:
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Title or explanation; number of the Fig.

Similarly done with tables.

12. Diagrams , photos and statics should be in colour with high resolution
without scanning.

13. The marginal notes, when necessary, should be mentioned at the end of the
article before the references.

14. Wherever there is the word “ figure” should be abbreviated as Fig. and table
should be Table.

15. The pages never exceed 25 pages.

16. The Formulae should be written in Math Type.

17. All the ideas and thoughts reveal the mindset of the researcher not the
journal and the article stratification takes technical standards.

18. All the articles are subject to :

a- The researcher is notified that his paper is received within 14 days in
maximum.

b- The article is to be sent to the researcher as soon as it does not meet the
requirement of the publication conditions.

c- The researcher is notified that his article is accepted.

d- The articles need certain modification , as the reviewers state, are sent to the
researchers to respond in a span of a month from the date of dispatch.

e- The researcher is to be notified in case the article is rejected.

f- The researcher is to be granted an edition containing his article.

19. Priorities are given in concordance to :

a. The articles participated in the conferences held by the publication institute.
b. The date of receiving.

c. The date of acceptance.

d. The importance and originality of the article.

e. The diversity of the fields the articles maintain in the meant edition.

20. The researchers should appeal to the modifications the language and
scientific reviewers find in the articles.

21. The researcher should fill the promise paper having the publication rights of
the Scientific Al-Bahir Journal and adhering to integrity conditions in writing

a research study.
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Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir

Abstract

Single line to ground and double line to ground faults occurred in distribution
power system which leads to high fault current that is returned to this system
through earthing conductor. This paper proposed smart earthing technique to re-
duce this current. The fuzzy logic controller is used in this technique to increase or
decrease the earthing resistance which connects the neutral of the substation trans-
former to the earth point depending on the measured faulted current. MATLAB/
Simulink is used to test the performance of this technique. This technique applied
to (11) KV distribution power system model with real data from distribution sub-
station in Karbala city. This smart earthing technique deals with any unsymmetri-
cal earthing fault that occurs at any location in the distribution network with any
fault resistance.

Keywords
SLG: single line to ground fault; DLG: double line to ground fault; smart
earthing system; FLC: fuzzy logic controller.
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1. Introduction

Under normal or safe operating condition,
the electrical equipment of power system
network operates at rated voltage and current.
Occasionally, asymmetrical earthing faults
occur in power system causing this system
to operate in an abnormal condition. So, the
voltage and current magnitudes deviate from
their normal ranges. In some cases, very
high current will return to supply equipment
such as generator or transformer, while in
others, earthing faults are not necessary to be
solid short circuit faults and this will lead to
reduction in the magnitude of the current that
returns to the system [1]. Whenever there is
increase in this magnitude, there will be more
damage to power system equipment and vice
versa. The faulted current passes through
an earthing conductor which connects the
neutral point of the system to the earth. So,
the magnitude of this faulted current depends
on how the neutral point is connected to the
earth (earthing techniques) which signifies
the importance of earthing in power system
network. For these reasons there is a need to
search for earthing system and to suggest a
new earthing technique to reduce the damage.

Physically, the neutral earthing is the
connection of transformer neutral point,
generator neutral point or star point of loads
or circuits to the earth [2]. The conductor
which

earthing conductor. The distribution system

satisfies this connection is called

has several neutral points and the points of the

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir

same system are not necessarily connected to

the earth by the same technique.

There are two main objectives of system
earthing, the first is the detection of earthing
faults and the second is to determine the
returned fault current in order to prevent the
hazard voltage between the structure of the
faulted equipment and the earth caused by its
high magnitude [3].Earthing of power system
has many advantages. The main advantage
is that the power system can be divided into
several subsystems without interconnected
zero sequences. Another advantage is that
earthing system can be considered as the most
important parameter which affectsearthing
faults. Thisresults that it significantly affects
the behavior of distribution power system

when subjected to earthing faults.

In this paper, a new technique of smart
earthing system by using control -circuit
composed of FLC and controller block will
be proposed. This technique is considered
a new technique because that it composed
of different earthing resistances values that
activated depending on operation condition
to compensateany change that occurs in
fault resistance value or location keeping the
returning current magnitude in low level. The
control circuit is used to control the operation
of the bank of earthed resistances for the
purpose of reducing earthing fault current that
passes through earthing conductor. This smart

earthingtechniqueis applied to distribution
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system model of (11) KV which implemented
in MATLAB simulation by using real data of
substation located in Karbala city. This work
deals with unsymmetrical earthing faults
(SLG and DLG).

2. Literature Review

Researchers where interested to study this
subject because of its importance and great
effect on the protection of distribution power
systems and their employees. For examples:
a research is presented about sizing high
resistance grounding in power system with
consideration of system earthing capacitance.
This research discussed the problems that
concerned with earthing capacitance in high
voltage and gave the procedure of determining
earthing capacitance of the system, the greatest
value permitted for high earthing resistance
and the pickup setting of an over current relay
[4].

that including un-grounding neutral method,

The main neutral grounding methods

neutral grounding by using a Peterson coil
method and neutral grounding by using low
resistance value method are discussing in [5].
The methods which used to ground the neutral
point of Shanghai Fengxian (35) kV and (10)
kV power grid are discussed in [6]. Discuss
the phasor diagram and flow directions of
the faulted current in case of single phase to
ground bolted fault when the HRG method
1s used in power system be done in [7].
The researches mentioned above discussed
the traditional earthing techniques used in

different applications. These techniques deal

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir
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with any earthing fault without the need to
know the fault characteristics. So, many
problems can occur such as breakdown of
the insulation when there is failure in fault
detection or damage to the system equipment.

3. Earthing techniques

Earthing technique has small influence
under normal operation of the distribution
system, but becomes very important and
effective when an earthing fault occurs [8].
The neutral point can be isolated from the
earth (unearthed) or connected to the earth by
using different techniques. These techniques
aresolidly earthing, resistance earthing,
reactance earthing andpeterson coil earthing.
Solidly and LRG are called effective eathing
techniques but the HRG, unearthing and
resonance techniques are called ineffective

earthing technique [9].

4. Smart Earthing system

In this type of earthing, operation condition
of the power system determine an earthing
connection to the neutral point of the substation
transformer. This is done by connecting the
neutral point of the distribution system to the
earth by using bank of resistances. There are
so many cases of the earthing fault which may
occur in distribution system due to different
magnitudes of the fault resistance and the
location of this fault. So, in each case certain
magnitude of the faulted current that returns
through an earthing conductor is produced. In
some cases, the faulted current is very high
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reaching values up to thousands of amperes and
consequently can cause shutdown if there is a
compatible protection system or can entirely
damage the equipment which may lead to arc
explosion resulting in burning or electrical
shock to the personnel that could be working
adjacent to the equipment faulted. In other
cases, the faults may occur at a remote location
or across high fault resistance which causes
failure in detection of this fault [10, 11, 12].
So, the fault current magnitude is considered
as a critical factor in the power system and
it is directly related to earthing method being
applied [13]. To detect the fault current passing
through an earthing conductor and to reduce it
to low level for each case of earthing fault,
the connection between the neutral point of
substation transformer to earth changes in
very short period depending on magnitude
of this current. i.e. the smart earthing system
overcomes these problems by increasing the
equivalent earthing resistance according to the
magnitude of returning current to allow low
value of'this current to passes through earthing
conductor. So, nearly neglecting the effect of
fault resistance and fault location is the result.
The progress of smart earthing technique is
represented by the flow chart as shown in
Fig (1). This figure represents the flowchart
of controlling an earthing fault current by
using bank of resistances which controlled by
FLC and controller block. The smartearthing
system consists of measurement device, FLC,
Processor block and bank of resistances.This
smart earthing system is applied in distribution

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir

system model of (11) KV which implemented
in MATLAB simulation.

LRt

|

hleasuring
cugTent

Fuzzrv logic
controller

| |

Controller
Block

Select nght
resistance

=

Fig (1): Flow chart of smart earthing technique.

4.1. Fuzzy logic controller

When utilizing fuzzy logic, the solution
to the issue can be cast in terms that human
so that their
experience can be used in the design of the

operators can understand,

controller. This makes it easier to mechanize
tasks that are already effectively performed
by humans. It represents a technique that
eases the control of a complicated system
without having knowledge of mathematical
description for this system. Fuzzy logic in
reality represents an accurate problem-solving
methodology. The most important advantages
of the fuzzy logic system are:

* Capability to deal with the uncertainty

and nonlinearity.
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* Simplicity of implementation.

* Using of linguistic variables.

* Simplicity of adding new data or rules
to the old fuzzy system as required.

The four main stages in fuzzy knowledge-
based control are:

* Fuzzification

* Rule base

* Inference engine

* Defuzzification

There are need to control the operation

of the bank of earthing resistances by
changing the output signal of FLC according
to measured current by ammeter located in the

return path of faulted current.

Fuzzification converts a set of crisp
inputs to the corresponding fuzzy sets. The
defuzzification process decides the crisp
output” by resolving the applicable rules into
a single output value. Fuzzification process
used (13) triangle membership functions
to represent the input from ammeter. Also,
of (13)
trapezoidal membership functions to represent

Defuzzification process consists

the output of FLC. Inference step described
by creating of rules and computing degree of
membership. 13 rules are used in this fuzzy
logic controller and the rule viewer of fuzzy
controller as shown in Fig (2).

The input status words are Class 0,
Class 1, Class 2, Class 3, Class 4, Class 5,
Class 6, Class 7, Class 8, Class 9, Class 10,

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir
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Class 11 and Class 12. This class refers to the
magnitude of the fault current in the earthing
system and the increasing of a number of the
classesrefers to increasing this current. The
output status words are No action, Part 1, Part
2, Part 3, Part 4, Part 5, Part 6, Part 7, Part 8,
Part 9, Part 10, Part 11 and Part 12.The rule

base are:

If the measured fault current belongs
toclass 0, then take no action.

If the measured fault current belongs to
class 1, then connect part 1 of the bank.

If the measured fault current belongs to
class 2, then connect part 2 of the bank.

If the measured fault current belongs to
class 3, then connect part 3 of the bank.

If the measured fault current belongs to
class 4, then connect part 4 of the bank.

If the measured fault current belongs to
class 5, then connect part 5 of the bank.

If the measured fault current belongs to
class 6, then connect part 6 of the bank.

If the measured fault current belongs to
class 7, then connect part 7 of the bank.

If the measured fault current belongs to
class 8, then connect part 8 of the bank.

If the measured fault current belongs to
class 9, then connect part 9 of the bank.

If the measured fault current belongs to
class 10, then connect part 10 of the bank.

If the measured fault current belongs to
class 11, then connect part 11 of the bank.

If the measured fault current belongs to
class 12, then connect part 12 of the bank.
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Fig (2): the rule viewer of fuzzy logic controller.

4.2.Controllerblockand Embedded

MATLAB Function

This is a block of sub designed model
implemented to receive the controlled signal
output from FLC. According to this signal
it will send 13 signals output to the earthing
resistances block to activate some part of
these resistances and separate the other parts.
This activated resistance is responsible for
reducing the faulted current passing through
an earthing conductor. So, the constructions
of controller block are:

* One input port which received the output
controlled signal from FLC.

* 13 output ports used to control the
resistances.

* Many Embedded MATLAB Function
blocks.

4.2.1. Embedded MATLAB Function
block
An Embedded MATLAB Function block

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir

allows using a MATLAB function within
Simulink model. The Embedded MATLAB
Function block is obtained from the User
Defined Functions Library and it is inserted
into a model in the same method as any
other Simulink block. Embedded MATLAB
Function blocks support a subset of the
functions obtainable in MATLAB. These
functions involve functions in common
categories such as Arithmetic functions like
plus, minus, and power, Matrix operations
and Trigonometric functions like sin, cos,
sinh, and cosh. The Embedded MATLAB
Function block deals with inputs of any type
that Simulink supports.The construction of

the controller block shown in Fig (3).

Fig (3): the internal design of controller block.

4.3. Earthing resistance

Neutral earthing resistance (NER) is used
in electrical power distribution facilities
to limit earthing fault current and to avoid
many problems related to use of solidly
earthing and unearthing techniques.NER can
be categorized into low resistance grounding
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(LRG) and high resistance grounding (HRG)
and both of these types are applied to reduce
the earth fault current and they differ from
each other by the level of earth fault current
allowed to flow. The two main techniques of
connecting medium voltage system neutrals
to earth point are carried out by using neutral
grounding resistance (HRG method and LRG
method). The most important issue regarding
the use of resistance in earthing process is to
select a proper value for this resistance. There
are different opinions about what is better
to use, high resistance or low resistance for
distribution power system. In fact, there is no
standard for defining earthing resistance [4].
Some considerations such as charging current
value and pickup current should be taken in
to account for selecting the value of earthing
resistance. The value of this resistance must
be less than earthing capacitance value. If
this condition is not satisfied, a great part of
current will return through this capacitance
to the system if there is an earthing fault in
distribution power system. This will result in
increase in the electrical system’s charging
current leading to high transient over voltage.
So, the system charging current should be
known to apply an earthing resistance. The
charging current for an electrical distribution
system can be measured or estimated. Typical
charging currents are less than (15) A for
(11) KV power system [14]. This means
that the neutral grounding resistance setting
is normally selected so that it let-through
a current greater than the total capacitive

Ali Abdulabbas Abdullah, Inaam Ibrahim Ali, Alameer Abbas Thamir

Vol. 7, No. 13 and 14 P. (13-27)E, 2018

charging current, 3ICo, of the system when
an earthing fault occurs. This determines
the rate of fault damage which is considered
acceptable under earth fault condition.

The other condition is that the resistance
mustn’t allow reducing the faulted current
to a value less than the pickup current of the
protection device (over current device). So, the
pickup current should be set at value greater
than that of the current passing through neutral
earthing conductor by safety factor. So, using
of the bank of earthing resistances provide
the solution to this problem by change the
equivalent earthing resistance value i.e. change
the connection between neutral of the system
and the earth by using resistances of different
value. Note also the value of these resistances
selected by applying the consideration above.
It provides a dynamically earthing resistance
that changed its value in very short time (in
mille seconds) so asto treats the wide variations
which exist in earthing faults. This leads to
keep the faulted current through earthing
conductor in small range of amperes which
doesn’t causes problems to the power system.
Earthing resistance might be connected to the
neutral point of a power transformer or across
the broken delta secondary of the three phase

to earth connected distribution transformers.

Atnormal operation, the earthing conductor
doesn’t carry current and the measurement
device (ammeter) measures zero current

approximately. This makes the magnitude
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of signal input to FLC zero. So, the earthing
connection in this case is implemented by
using the lowest resistance value and there is
no need to change it.

When earthing fault occurs in power
system, the fault current will return to the
system through earthing conductor and the
magnitude of this current depends on the fault
resistance and location in distribution power
system. So, the ammeter measures this faulted
current and sends its magnitude to FLC.
The fuzzy controller immediately processes
the magnitude of this fault and decides the
magnitude of its output signal according to
its rules. This magnitude varies from zero to
(5) V and it will be sent to controller block.
Accordingly, the controller block will send
13 controlling signals output to disconnect
a resistance which operates at the normal
condition and activates other part of resistances
from bank of earthing resistances to reduce
the faulted current that passes through an
earthing conductor as required (the higher
the NER value, the lower the faulted current
magnitude) [15].

5. Advantages of changing the value
of earthing resistance
1-Reduce faulted current that returns to the
system.

2-More safety when there is failure in

protection or detection device.

3-Easy to detect the earthing fault in case
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of the current magnitude is very small.

4-Overcomes on the problems that exist
when using fixed value of resistance (high

resistance or low resistance value).

5-Reduce the overvoltage problem.

6. TYPES OF FAULTS

In general, there are two types of faults may
be occurred in three-phase power distribution
systems. These faults are symmetrical and
unsymmetrical fault which may be short circuit
or open circuit. Short-circuit faults can occur
between lines, or between lines and earth.
Short circuits may be one-line to earth, line
to line, two-lines to earth, three-lines without
connected to earth and three-lines to earth.
Unsymmetrical fault short circuit divides to
three subtypes which are SLG fault, line to
line fault and DLG fault. Earth fault typically
means an unintentional connection of power
line with metallic parts being connected with
the earth. An asymmetrical earth fault current
is a current that passes to earth and has a
magnitude that depends on the techniques of
system earthing. In this work, many faults
of SLG and DLG type are used due to two
reason; the first are these faults depends on
how the neutral point connected to earth. And
the second are the single-line to earth fault is
proven to be a type of fault that most possibly
occurs in the distribution network with the
neutral un-effectively grounded system [16].
These faultsare tested in (11) KV distribution
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system model. The magnitude of the fault
current depends on location of fault in the
system and fault resistance. So SLG and DLG
faults will be tested across different fault

resistance values and locations.

7. MATLAB SIMULATION

The power model implemented using
MATLAB/SIMULINK to test the
earthing system under SLG, and DLG faults
occurred in the (11) KV distribution system.
The MATLAB / Simulink simulation model
is illustrated in Fig (4). This model represents

smart

real power network which powered from
distribution substation on Karbala city. It
composed from three phase programming
voltage source of (33) KV connected (Yn).
Three phase two winding transformer of
capacity (31.5) MVA to transform (33) KV to
(11) KV which connected as follow:

Winding 1 is delta

Winding 2 is Yn

Thistransformerisrepresentingdistribution
substation and the neutral of this transformer
connected to earth by using smart earthing
technique. This substation consists from 6
feeders of (5) MVA. The feeder 1 supplies
the load by using three phase distribution
line of length (5) km, the feeder 2 supplies
the load by using three phase distribution line
of length (7.5) km, the feeder 3 supplies the
load by using three phase distribution line
of length (10) km, the feeder 4 supplies the
load by using three phase distribution line of
length (2.5) km, the feeder 5 supplies the load
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by using three phase distribution line of length
(12.5) km and the feeder 6 supplies the load
by using three phase distribution line of length
(15) km. Three-phase ammeter and three-
phase voltmeter were used to measure the
current and voltage respectively. All feeders’
supplies 12 transformers of capacity (400)
KVA to transform (11) KV to (0.4) KV with
connection as follow:

Winding 1 is delta

Winding 2 is Yn

This transformer supplied four lines to
the consumers which are three phase line and
neutral. This neutral of solidly connection
to earth and each one of these transformers
supplies loads of (340) kW connected as Yn.
Three phase fault block are used to act as SLG
or DLG fault.
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Fig (4): Simulink model of distribution system earthed by smart earthing system.

8. SIMULATION RESULTS
The faulted current which returned to the (11)
kV distribution power system through earthing

conductor causes big problem to this system.

So, the smart earthing is suggested to reducing

this faulted current. In this section, many cases

of single line to earth faults and double line to

earth faults are occurred in this power system

and the simulation results of the faulted current
due to these fault cases will show in Figs (5)-
(10). This simulation results are measured by the
ammeter that located in earthing conductor. The
showing of this figures will ordered according
to the type of unsymmetrical earthing fault and
location of this fault by refers to the number of

feeder and the distance.
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Fig (5): SLG fault at (0.06) sec located in feeder 2
after (7.5) km with Rf=(5.4) ohm.
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Fig (6): SLG fault at (0.03) sec located in feeder 1
after (5) km with Rf=(3.2) ohm.
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Fig (7): SLG fault at (0.08) sec located in feeder 6
after (15) km with Rf=(120) ohm.
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Fig (8): DLG fault at (0.12) sec located in feeder 5
after (12.5) km with Rf=(63) ohm.
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Fig (9): DLG fault at (0.05) sec located in feeder 4
after (2.5) km with Rf=(35) ohm.
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Fig (10): DLG fault at (0.1) sec located in feeder 3
after (10) km with Rf=(17.8) ohm.

8.1. Results discussion

The total period of simulation of these
techniques is adjusted to (0.5) sec and divided
into three periods which are the period of
normal operation before the fault occurrence,
delay period and period of technique operation.

At normal operation, the connection
between the transformer neutral and the earth
1s done by using the lowest resistance value
and the current through this resistance equals
to zero. The time delay period equals to (20)
m sec leading to passing one unlimited cycle
of the fault current. In this period, the control
process is done.

When the fault

magnitude depends on fault resistance value

occurs, its current

and location but these Simulink results show
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that the neutral earthing current is equal
to the same magnitude (around (50) A) in
each faulted case which reduces the system
equipment damage. To compare these results,
some researches results and discussions will
addressed below:

Lawrence J. Kingrey, Ralph D. Painter and
Anthony S. Locker, IEEE, 2011 [17] made a
comparison between HRG and LRG method
for grounding the medium voltage system.
In the second point of this comparison, they
wrote that a LGR let through current (400)
A and HGR let through current less than (6)
A. In the last point, the system application
voltages for LGR is in ((2.4) and (4.16) kV)
and for LGR (from (2.4) to (69) kV).So,
HRG cannot be used in (11) KV due to high
charging current in this voltage level((11) KV)
compared to it requirement (6.5) A. The LGR
limits the neutral earthing current to (400)A
causes equipment damage leadingto that the
fault clearing time should be in cycles due to
high current magnitude as mentioned in the
third point and the problem occurs when the
fault isn’t detected.

Eng. Hasan Z. Al-Amari and Dr. Abdallah
I. Fadel, IEEE, 2013 [ 18], In this research, the
significance and influence of neutral grounding
resistance method in (30) KV Western
Libyan power system network and its effect
in limiting and determining the bolted single
line to ground fault current for a network fed
by a single or multi sources were addressed.
The (10)ohm-neutral grounding resistance
installed in (30) KVnetwork decreases the
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single line to ground fault current toless than
(2) kA, (4) kA and (5) kA in the (30) KV
network for single,double and triple feeding
source respectively.When there is failure in
protection device, these magnitudes of fault
current cause more damage to the system
equipment.

This smart technique allows to 50 A in
any earthing fault which reduce the damage
less than of LGR technique (400) A or
(300) Ain (21.4) ohm as applied in (33/11)
KV substation transformer in Karbala city.
HRG and non-earthing technique limit the
fault current to very low level which allows
increasing the fault clearing time reaching to
hours but there is high overvoltage in the two
healthy phases during this time. This requires
increasing the insulation level of the power
system equipment. In the smart earthing
technique, the fault should be cleared in short
time (seconds) leading to there is no need for

increase the insulation level.

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 25 -




9. Conclusion

1- The current let through earthing
conductor in (11) KV system should be
greater than (15) A for any fault condition.
This magnitude was estimated for system
charging current.

2- Damage problem is very important
factor in selecting earthing technique for
distribution system and it determined by
the current allowed passing through neutral
earthing conductor.

3- Bank of resistances is used to connect
the neutral point to the earth and its controller
is solved by using fuzzy logic controller
and controller block. In this bank, there are
13 earthing resistances of different values
applied to reduce the faulted current through
an earthing conductor. These resistances are
connected in parallel connection by using
relays. The activation of these resistances
depends on the magnitude of the faulted
current that returns to (11) KV distribution
system. Different values of these earthing
resistances are selected to compensate any
change that occurs in fault resistance value
or location keeping the returning current
magnitude in a low level. This will reduce
the damage to the system equipmentand
allows increasing the fault clearing time for
some seconds making the allocation of the
earth fault easier. The insulation level doesn’t
required to increase because the fault clearing
time in seconds compared to that in high
resistance and non-earthingtechnique which

may reach to hours.The obtained results for
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this earthing technique are remarkable and
comparable with respect to the conventional

applicable techniques.
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Abstract

The aim of the present study is to assess the possible diagnostic and prognostic
significance of certain tumour associated genes (CA9, WT1, and PRAME) in
relation to tumour size and lymph node status. In order, the expression of these
factors were measuredin the peripheral blood of breast cancer patients (N=55),
patients with benign breast lesions (N=10) and apparently healthy controls
(N=20). Quantitative real time polymerase chain reaction (QRT-PCR) was used
to assess the expression of the target biomarkers. In the breast cancer samples
50(91%) samples were CA9-positive,8(14.54%) wereWT1-positive and 5(9.09%)
were PRAME-positive samples. The expression of CA9-positive was significantly
higher in breast cancer sample compared to benign tumour samples and healthy
controls. For lymph node status, the results of all three genes showed that the
highest percentage of positive samples 25(50%), 5(60%) and 4(80%) for CA9,
WTI1 and PRAME genes respectively, were multiple for lymph node status. The
tumour size was significantly associated with the increasedCA9 and WT1 genes
expression with tumour size 2.0-2.9 cm, while for PRAME gene the highest
percentage of positive samples were with tumour size 1.0-1.9 cm. This study
showed that CA9 gene can be a useful tool for discrimination between malignant
and non-malignant breast tumours, the results may also indicatethe diagnostic and
prognostic values for this gene. However, further analysis of a bigger cohort are
required to consolidate these initial findings.

Keywords
Breast cancer, WT1, CA9, PRAME
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.1 Introduction

Breast cancer is the one of the most com-
mon malignancy that diagnosed in women
around the world, with high frequency in the
western countries, and it represents the most
important cancer related death among wom-
en [1]. One of the current challenges in the
breast cancer management is the imperative
need to find out a biomarkers that are sensitive
and specific enough to detect early neoplastic
changes which will facilitate the detection of
breast cancer at an early stage, and monitor-
ing the progression of breast cancer and the
patient response therapy programs.

Tumour associated antigens (TAAs) could
serve as a distinctive molecular markers and
specific targets for immunotherapies, since
these antigens are molecules not expressed
normal tissues, but they are preferentially ex-
pressed by tumour cells [2]. There are several
types of TAAs such as cancer germline anti-
gens which considered a good target to future
immunotherapies since these antigens can be
expressed on tumour cells and normal germ
cells but not in other normal somatic tissues.
Other types of TAAs are expressed in normal
tissues but overexpressed in tumour cells.
These TAAs can show changes recognized by
the immune response either through their loss
or de novo aberrant expression. Many TAAs
that shown to be specifically recognized by T
cells have been identified [3.4].

For breast cancer immunotherapy, many tu-
mour antigens used that are expressed on nor-

mal tissues but are overexpressed or mutated on

tumour cells, examples TAAs that associated
with over expression in tumour cells are WT1,
PRAME, and CA9. The Wilms’ tumour gene
(WT1) was initially identified in hereditary and
sporadic cases of Wilms’ tumour in which the
gene was either mutated or overexpressed [5].
WT1 is one of the genes that involved in growth
regulation and/or differentiation of cells. Previ-
ous studies showed that the WT1expression is
limited to particular cell types, including ovar-
ian granulosa, testicular sertoli cell, mammary
duct and lobule cells, splenic parenchyma, and
glomerular podocytes[6,7].

Although its expression is restricted to
adult tissues, WT1 is also widely expressed in
many cancer types, in which the gene act as an
oncogene as interference with WT1 function
induces apoptosis and inhibits proliferation,
making WT1 a target for cancer immuno-
therapy. The other tumour associated antigen
that is overexpressed in tumour cells is pref-
erentially expressed antigen of melanoma
(PRAME) which has been detected in a vari-
ety of cancers including breast cancer, but its
expression is absent or low in normal tissues
[8]. The protein PRAME was first detected in
cells isolated from a melanoma as a tumour
antigen with high expression of the gene de-
tected in approximately (88-95%) of primary
melanomas [8]. In breast cancer, the function
of PRAME is still elusive [9]. Although many
studies reported the detection of PRAME
mRNA transcripts, only few studies linked
the gene expression data to clinical outcomes.

It has been reported that the expression of
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PRAME is associated with poor prognosis in
neuroblastoma, with more advanced tumour
stage, poor clinical outcome, and older ages
of patients at time of diagnosis [10].

Carbonic anhydrase IX (CA9) is one of
the genes that are over expressed in tumour
cells, this gene, as a member that belong to
carbonic anhydrase family, is a cell membrane
associated protein that responsible for regula-
tion of cell proliferation in response to hy-
poxia [11,12].CA9 is expressed in tissues of
many types of cancers including oesophagus,
colon, kidney, bladder, breast, uterine, and
cervix[13].CA9 is detected in approximately
(80%) of primary and metastatic renal cell
carcinoma (RCC) and approximately (95%)
of clear cell renal cell carcinoma, while the
normal renal tissues didn’t show CA9expres-
sion [14]. Therefore, CA9 can be considered
as a specific biomarker of RCC that serves as a
potential target for RCC-specific immunother-
apy. In this study, the influence of the expres-
sion levels of breast cancer- relevant TAAs on
the breast cancer were investigated in an at-
tempt to evaluate the diagnostic and prognos-
tic value of CA9, WT1 and PRAMEgenes for
early diagnosis and prediction of prognosis of

breast cancer.

2. Materials and Methods:

blood samples from 55 patients with differ-
ent stages of newly diagnosed Invasive Ductal
Carcinoma were obtained from different Iraqi
hospitals,after patients underwent cytopatho-
logical and histopathological examination.

Two control groups were used in this study,
10 samples from patients with benign breast
tumours, and 20 samples from healthy donors.
The patient’s informations (age and family
history) and histological data (lymph node
status) were obtained from the patients’ files.
The samples were preserved with TRIzolin the
Genetic lab of National center for early detec-
tion of tumours in the medical city (Baghdad/
Iraq). Out of (2) ml of peripheral bloodthat
drawn, 0.5 ml was preserved as whole blood
after treating with TRIzol (sample were cen-
trifuged at 1,000 xg for 5 minutes at 4C° fol-
lowed by removing the supernatant and add-
ing phosphate buffer saline (PBS) containing
5% Triton X-100 and vortexed to be homog-
enized then a 0.75 ml of TRIzol added to
each sample in a ratio of 3 TRIzol :1Sample
volume then the samples were kept at -80C°.
Samples subjected to RNA extraction and mo-
lecular study by using Revers Transcription and
Real Time PCR at Molecular Oncology Unit in
Guy’s hospital — Kings College/London/ UK.

2.1. RNA extraction, reverse
transcription and real-time -PCR assay:

The total RNA extractionfrom all groups of
samples was performed using the TRIzol® LS
Reagent(Life Technologies - Ambion. USA)
following the manufacturer’s protocol. Re-
verse transcription of total RNA was done us-
ing High-Capacity cDNA Reverse Transcrip-
tion Kit (Life Technologies - Ambion. USA)
in a reaction volume of 20 pl(2 pl RT buffer,
0.8ul ANTPs mix, 0.2 pl RT rundom primers,
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1 ul reverse transcriptase, 1 pul RNase inhibi-
tor and 15 pl total RNA) following the manu-
facturer’s instructions. After that, cDNA was
stored at -80 °C until being used. Expression
of genes was analyzed using specific primers-
designed with Primer3 (http://www.ncbi.nlm.
nih.gov/tools/primer-blast/) (Table 1). Serial
dilutions of ¢cDNA were used for preparing
of standard curve. The standard curves were
generated for both target genes and endoge-
nous control gene (ABL). Quantitative real-
time PCR assays were performed in triplicate
using the Applied Bio systems 7900 real time
PCR machine. The 20 pl of reaction volume
containing10 pl of SYBR Green master mix
,1 ul of primer mixes, 5ul of RNase free water
and 4ul of ¢cDNA template. Real-Time PCR
protocol was as follows; stage 1 50°C for 2
minutes, stage 2: 95°C for 10 min, stage 3 in
a two-step cycle procedure (95 °C for 15 Sec.
and 65°C for 1 min) repeated for 6 cycles and
stage 4 in a two-step cycle procedure (95 °C for

15 Sec. and annealing 61°C for 1 min) repeated
for 40 cycles. The slope of a standard curves was
used to estimate the PCR amplification efficien-
cy of a real-time PCR reaction. A calculation for
estimating the efficiency (E) of a real-time PCR
assay was performed as following:

E = (10 —1/slope—1) x 100

E=(10-1/3.35-1) x 100

Assess the specificity of the amplified prod-
ucts was determined based on melting curve
analysis. The studied genes expression levels
were measured in cDNA samples by quantita-
tive real-time PCR technique using the rela-
tive quantification method (2-AACt method).
The housekeeping gene ABL and relative to
a calibrator sample used for normalization of
fold-change in gene expression and relative
to a calibrator sample. Calculation of relative
fold change of the target gene performed as
described below:

AACT = ACT sample — ACT calibrator

Fold Change =2-AACt

Table (1): primers sequences

Primer Sequence

CA9-F 'GTGGAAGGCCACCGTTTC -3 -'5

CA9-R 'CTCGTCAACTCTGGCAAAGG -3 -'5

WTI-F 5'- AGGCTTTGCTGCTGAGGAC -3’

WTI-R 5'- CAGGTCATGCATTCAAGCTG Y-/
PRAME-F 5'- CTTTCCTCGAAGGCCACCT -3’
PRAME-R 5'- GTTATTGTGAGGACCTTTAACGA-3’

ABL-F 5'-TGGAGATAACACTCTAAGCATAACTAAAGGT-3'

ABL-R 5'-GATGTAGTTGCTTGGGACCCA-3’
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2.2. Statistical analysis
The Statistical System-SAS
(2012) program was used to assessthe differ-

Analysis

ence in the factors in study parameters. Chi
Square was used to assess the significance of
changes in the statistical parameters and least
significant difference —LSD test was used to
significant compare between meansin this

study.

3. Results

The patients’ age range was ranging be-
tween 20-70 years and the median age was 49
years with high frequency of patients in the
range of 40-59 years. According to the family
history, 50(90.91%) of breast cancer patients
had a negative family history withstatistical-
ly significance differences (X2 =13.473 *%*,
p<0.01 ) in comparison with patients that have
positive family history. Regarding the lymph
node status, the percentage of patients with
multiple lymph nodes was significantly higher
than those with few or no lymph nodes in the
tested cohort (p value 0.0017**p<0.001). In
regard to tumour size the highest percentage
of patients showed atumour size of 2.0-2.9
cm. which showed statistically significant dif-
ferences (p value 0.0014**p<0.001).

Relation between genes expression and
clinicopathologic parameters are listed in
Table 2. Out of55 breast cancer samples, 50
(91%) samples were CA9-positive which
showed statistically significant differences
(p<0.0001) with the percentage of CA9-neg-

ative breast cancer samples 5 (9%).For other

two genes, the negative samples showed sta-
tistically significant differences (p<0.0001)
with the 8(14.54%) WTI-positive samples
and 5(9.09%) PRAME-positive
According to malignancy status the percent-

samples.

age of patients with CA9-positive gene ex-
pression was significantly higher (p value=
0.0477p<0.05) compared to benign tumour-
sand healthy controls samples, while for other
two genes none of benign tumour and healthy
controls samples showed positive expression
for both WT1 and PRAME genes. Concerning
the distribution of patients according to age
groups, the present study showed that there
is nostatistically significant differences in the
levels of genes expression with age. Regard-
ing the lymph node status, the results of all
three genes showed that the highest percent-
age of positive samples 25(50%), 5(60%) and
4(80%) for CA9, WT1 and PRAME genes re-
spectively, were multiple for lymph node sta-
tus that significantly different from percentage
of samples with no or few lymph node status
(p value =0.0144, 0.0174, 0.0317p<0.05) for
CA9, WT1 and PRAME genes respectively.
For the tumour size, the results showed that
there was statistically significant association
between the increasedCA918(36%) and WT1
5(62.5%) genes expression withtumour size
2.0-2.9 cm(p value= 0.0136, 0.0127 p<0.05)
for CA9, and WTI genes respectively, while
for the PRAME gene the highest percentage
of positive samples 3(60%) were with tumour
size 1.0-1.9 cm.(p value= 0.0114 p<0.05).
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Variable CA9- .
- CAi;i\;ega- WTt]l.;peOSZ_ WTI-Negative | PRAME-positive zfA%fe_
Study | NO.of | positive v N o N &
groups | cases | o\ (%) No (%) No ) o ) (%) No
Breast 55 | (90.9)50 (9.09)5 (14.54)8 (85.5)47 (9.09)5 (90.9)50
cancer
Benign
P 10 (100)10 0 0 (100)10 (100)10
Healthy
ooy 20 (50)10 (50)10 0 (100)20 (100)20
P value 05 .0>* 0.0477 No Significance
Age NO. of
groups | cases (100)2 0 (50)1 (50)1 0 (100)2
20-29 2
30-39 11 (100)11 0 0 (100)11 ©.D1 | (9.90)10
40-49 15 (80)12 (20)3 (20)3 (80)12 (13.33)2 | (86.66)13
50-50 15 (93.33)14 (6.66)1 (6.66)1 (93.33)14 (0)0 (100)15
60-70 12 (91.66)11 (8.33)1 (25)3 (75)9 (16.66)2 | (83.33)10
P value No Significance
Lymph | N of
node cases
status (77.77)7 (22.22)2 (22.22)2 (77.77)7 0 (100)9
Negative 9
Few 19 (94.7)18 (521 (521 (94.7)18 521 | (94.7)18
Multiple | 27 (92.6)25 (7.4)2 (18.5)5 (81.4)22 (14.8)4 | (85.2)23
P value 05 .0>
Tumour | NO. of
size/em | cases | (78.5)11 (21.42)3 (14.2)2 85712 | (21.4)3 | (78.5)11
1.0-1.9 14
2-2.9 19 (7.94)18 (5.2)1 (26.3)5 (73.68)14 0 (100)19
3-3.9 18 | (94.44)17 (5.55)1 (5.55)1 (944417 | (5.55)1 | (94.44)17
4-49 4 (100)4 0 (100)4 251 (75)3
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4. Discussion

The chances of breast cancer treatment and
recovery can be improved by cancer early de-
tection. Although detecting of breast cancer is
highly effective, but to date it’s still has sig-
nificant limitations in asymptomatic patients,
which in turn reflect the requirement of more
sensitive, specific, convenient, accurate, and
objective detection methods [15]. There were
many attempts that based on identifying of
specific antigenic markers that can be used as
abiomarkers for breast cancer detection, how-
ever, the studies revealed that the combined
use of those biomarkers with the available
clinical information is still insufficient for ear-
ly cancer diagnosis, predicting outcomes, and
for guiding cancer therapeutic decisions. The
previous results confirmed the necessity for
the development of innovative diagnostic and
prognostic markers that can effectively used
for the management of human cancers such as
tumour-associated antigens (TAAs) and their
autoantibodies [16,17].

The present study examined the possibil-
ity of detecting mRNA of three tumour as-
sociated antigens (CA9, WT1, and PRAME)
in peripheral blood of breast cancer patients
using qRT-PCR technique. The present study
showed that the percentage of CA9-positive
breast cancer samples 50(91%) was signifi-
cantly higher comparing with the percentage
of CA9-negative breast cancer samples 5(9%),
while for the other two genes the percentage
of negative breast cancer samples was signifi-

cantly higher comparing with the percentage

of WT1-positive and PRAME-positive sam-
ples [8(14.54%),5(9.09%)] respectively. The
present study results have some similarity to
that reported by other studies includingChiaet
alwho detected the expression of CA9in 49
(48%) of 103 cases with invasive breast carci-
noma [ 18], Eom et al. who found that 191 cas-
es (60.8%) of 314 cases with invasive breast
carcinoma showed CA9 expression in tumour
cells[19]. On the other hand, the present study
results were different from results that report-
ed by Trastour et al. that detected CA9 posi-
tive immunoreactivity only in 38(29%) of 132
patients with invasive breast carcinoma using
immunohistochemistery technique[20].

For WT1 genethe present study results in-
compatible with most previous studies that
detected mRNA expression of this gene in
most of their samples, Loebet al. reported
that WT1 expression was easily detectable
in 27(87%) of 31 primary breast carcinomas
using Western blotting technique[21]. Gill-
more et al. who detected that WT1 was over-
expressed in approximately )90%( of breast
cancers samples[22], and Camc et al. who
investigated WT1 mAb staining in 32(48.4%)
of 66 samples with breast cancer using immu-
nohistochemistery technique[23].

For PRAME gene Epping et al. showed
that all breast cancer samples were PRAME-
positive, but the highest proportion of those
samples 197 samples (67%) expressed low
levels of gene[24], Doolan et al.reported that
PRAME mRNA was detected in )53%( of tu-

mour specimens and (37%) of normal breast
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specimens[25].In correlation to the clinico-
pathological features (tumour size and lymph
node status) the results of the present study
showed that there was statistically signifi-
cant association (p <0.05) of genes expres-
sion with lymph node status since the high-
est percentage of positive samples 25(50%),
5(60%) and 4(80%) for CA9, WTI1 and
PRAME genes respectively, were multiple for
lymph node status. The analysis of the rela-
tionship between genes expression and tum
our size demonstrated that there was statisti-
cally no significant association of genes ex-
pression with increasing of tum our size since
the highest percentage of positive samples for
CA9 18(36%) and WT1 5(62.5%) genes ac-
cossiated with tum our size 2.0-2.9 cm, and
with tum our size 1.0-1.9 cm. for PRAME
gene 3(60%).Several studies observed differ-
ent results, Span et al. reported that CA9 lev-
els did not differ statistically significant with
age, nodal status, menopausal status, tum our
size, type of surgery, radiotherapy or adjuvant
systemic treatment [26]. Camc et al. showed
a significant correlation between WT1 mAb
staining and tumour grade, stage, and lymph
node status [23]. Epping et al. demonstrated
that the lymph node status of patients was not
directly associated with PRAME [24].Doolan
et al.indicated that expression of PRAME as-
sociated significantly with relapse-free sur-
vival, tumour grade and size, and lymph node
status[25].0Our study demonstrated that there
was no expression of WT1 and PRAME genes
in most of breast cancer samples (85.5% and

90.9%( for WT1 and PRAME respectively).
These results may be due to facts that the ex-
act function of WT1 and PRAME in the breast
cancer tumourogenesis remains controversial.
Some of the previous studies demonstrated
that WT1 was strongly expressed in breast can-
cer, while other studies provide the evidences
that WT1 have a tumour suppressor role in the
tumourogenesis of breast cancer. For example
Zhang et al. reported the association between
the transformation of MDA-MB-231 phe-
notypes and constitutive expression of WT1
in breast cancer cells, which supporting the
thought of suppressor functions of WT1 in
breast cancer tumourigenesis[27]. However,
Loeb et al. demonstrated the strongly expres-
sion of WT1 in primary carcinoma but not in
normal breast epithelium, leading to the con-
clusion that the WT1 may not have a tumour
suppressor role in the tumourigenesis of breast
cancer[28].Zapata-Benavides et al.provide ev-
idences supporting the growth-promoting role
of WT1[30].Alteration of the PRAME gene
expression have been also reported in differ-
ent types of cancer including breast cancer,
Sun et al.demonstrates that PRAME functions
as a tumour suppressor in breast cancer[31].
Huang et al. found that PRAME expression
is down-regulated in lung adenocarcinomas
leading to the suggestion that PRAME has in-
hibitory roles in lung cancer[32]. Wadelin et
al. reported that the precise molecular func-
tions of PRAME and its role in oncogenesis
remain to be add ressed [33]. In summary, our

results demonstrated that CA9 gene can be a
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useful tool for discriminating malignant breast
tumours from non-malignant ones since gene
expression was elevated in breast cancer sam-
ples, compare with healthy control and benign
tumour, and the results may also indicate the
diagnostic and prognostic values for this gene.
On the other h and further studies WT1 and
PRAMEmolecular mechanisms are required
that may provide important information about
the function and regulating pathways of these

tow genes in tumourogenesis of breast cancer.
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Abstract

Let (M,d") be a metric space, ¢ be a map from a metric space (M,d’) to itself
and satisfy the Asymptotic Fitting Shadowing property(AFSP) then these results
are satisfy: For every meN,¢™ has asymptotic fitting shadowing property and ¢ is
chain transitive, also, if y has the asymptotic fitting shadowing property then ¢>y
has the asymptotic fitting shadowing property. In addition to the other results on
the asymptotic fitting shadowing property.

Keywords
Metric space, Asymptotic Fitting Shadowing property, chain transitive.
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1. Introduction

In dynamical systems the pseudo-orbit trac-
ing property (POTP) is the most main ideas
[1]. Blank defined the average shadowing
property in studyingchaotic dynamical sys-
tems [2]. Yang conversed the relationship be-
tween topological ergodicity and the POTP for
maps, and proved that the POTP with a chain
transitive map is topologically ergodic [3].

Guo and Gu conversed the relationship to-
pological ergodicity with the average shadow-
ing property (ASP) for flows, and proved that
the ASP with

Gu introduced the notion of the AASP,
which is less power than the asymptotic POTP
in the shadowing method, and achieved the
relation transitivity with the AASP. He also
proved for a compact metric space M, if a map
¢ has the AASP and continues on M, then ¢
is chain transitive[5].

In this paper we try to discuss the concept
of the Asymptotic Fitting Shadowing prop-
erty (AFSP) is topologically ergodic, We get
that asymptotic fitting shadowing case with
Lyapunov stable map from a compact metric
space to itself, is topologically ergodic but not
topologically weakly mixing, it is not also to-
pologically mixing.

2. Preliminaries

Let N symbolize the set of natural numbers
and Z symbolize the set of integer numbers,
7 + symbolize the set of nonnegative integer
numbers. In this section, we introduce some

definitions that we will use in this search, we
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recall some fundamental definitions. Let (M,d)
be a metric space and ¢: M—M is a continu-
ous map. For every positive integer m , We
define ¢™ inductively by ¢™ =dodp™'andp™
= ¢lodp™!, If A and B are two nonempty
open subsets of M after that we let N(ANB)
={m€Z :¢" (A)N B£@}, for A,.BCM, w€M,
we write N(A, B)={ m€Z_: AN¢™ (B)#0 },

N(w,B)={n€Z :¢™ (n)EB}. Symbolize by
N, (B) the open ball with center ® and radius «.

2.1. Definition

[6] Let § :M—M be a map and (M,d") be
a compact metric space. A sequence {0}, 1s
named orbit of ¢ if ViEZ we have o, =¢p(o,)
and we called it a « - pseudo-orbit of ¢ ViEZ,
we have d (§(»,),0,,) <. The map ¢ is re-
minded to have the shadowing property, if V
e>0, 3 >0, so V5 - pseudoorbit {w.}. _ ise-
shadowed by the orbit {$' (), iI€Z},T zEM, it
means, V i€Z we have d(§' (z),0,)<e.

2.2. Definition

[6] Let {®.}i=0" be a sequence in M, if 3
o>0 and a positive integer N=N(a ) such that
VmEN and n>N, we have

n-1

1

= @ @rm), Oremen) < %
i=0

then a sequence {w} _,* is named a « -
average pseudo orbit of ¢ .
A map ¢ is reminded to have average shad-
owing property, if V&>0, 3 < >0,s0 V -
average pseudo orbit {®.}._, is € - shadowed in

average by the point yéM , it means ,
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n-1

1 .
— P d@'y) w) <e.
i=0

lim sup

n—->co

We introduce a new definition as the following:

2.3. Definition

Let{o,},_,* be a sequence in M, if 3 >0
and a positive integer N=N(a ) such that
VmEN and n>N, we have

n-1
> @ @ism ) Gtemen) < @
i=0

then {o.} _* is named a a - fitting pseudo-
orbit of .

A map ¢ is reminded to have fitting shad-
owing property (FSP)ifvVe>0, 3a>0soV a-
fitting pseudo orbit is €- shadowed in fitting
by the point yEM , it means

n-—1

lim sup d(pi( y), w;) < &.
n—oo -
=0
2.4. Definition
Let {w.}._*be a sequence in M is named
the asymptotic
fitting pseudo-orbit of ¢. if

n-1
lim > d($ (@), i) = 0.
i=0

A sequence {, }._* in M is reminded to
be asymptotically shadowed in fitting by the
point y € M if

n-1
lim » d(¢'(y), w)=0
n—oo
i=0
We say that ¢ has asymptotic fitting shad-
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owing property (AFSP) if any asymptotic fit-
ting pseudo-orbit of ¢ is asymptotically shad-
owed in fitting by the point z € M.

2.5. Definition
[7JAmap ¢:Z+ x (0,¢] — N such that
£,>0, then ¢ is called mistake map if V €€ (0,
g,] and V m€Z +, we have ¢ (m ,¢) < ¢ (m+1
,£) and
b (m,e)

m

lim 0.

n—oo

Supposed a mistake map ¢ , if e>¢, then

we know ¢ (m,e)=¢ (m &) .

2.6. Definition
[7] A continuous map ¢:M—M has the
almost specification property if there is a mis-
take map ¢~ and a function k(bv :(0, ©)—N so

for any m>1 , any ¢ ,£ >0 any pointy,

[ e
...y, EM, and any integers

o> kq)v (e,) setting
n=0 and 1J.=Z(S=O)0'” nfor j=1,...,m .We can
find a point z€M so for each j=I,...,m, we

have W) (2)€B; (§:z .¢).

2.7. Definition
[6] Let {w.}._ “beasequence in M is named
asymptotic average pseudo-orbit of ¢ if

n-1
d( ¢ (w), wi41) = 0.
i=0
A sequence {w.}._ in M is called an as-

by the

lim —
n—-oo N

ymptotically shadowed in average
point y € M if

n—1

1 .
lim — E d(¢'(y), w) =0
mene
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We say that ¢ has asymptotic average shad-
owing case if any asymptotic average pseu-
do-orbit of ¢ is asymptotically shadowed in
average by the point y € M.

2.8. Definition

[8] Amap ¢ is called topologically transi-
tiveiffor A, BCc M where A, B#0,N(ANB)#0Q.
yEM is named a transitive point if orbit y is
dense in M.

2.9. Definition

[9] Let $:M—M be a continuous map,
(M,d) be a compact metric space. For o< €R,
so « >0, a sequence{y.} ,” in M is named
an d - chain if d(¢ (y),y,, ) <, Vi=0,1,2,...,
the map ¢ is said to be chain transitive if V
z,y€EM and each « >0 , there is a finite -

chain {y.y,,...,y } such that y =z and y =y.

2.10. Definition

[8] A map ¢ is called topologically mixing
A, B, ImeZ+, N(AN B) D {m, m+1, ...} A
map is named topologically weak mixing if
¢x¢ topologically transitive.

2.11. Definition

[8] A map ¢ is named chain mixing if for
all z,y€M and every 6>0 , there exists NEN
such that for any n>N there is J - chain from
x toy with length n.

2.12. Definition
[10] Let $:M—M be a continuous map and
Let (M,d ) be a compact metric space with
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metric d' . We say that ¢ be topologically er-
godic if for any A, BCcM and A, B are open
sets, A, B#@, then N(A ,B) has positive upper
density, that is,

Card (N(4,B)n{0,1,...m—1}) >
m

0.

D(N(A,B)) =limsup
m-oo

qcZ, is called syndetic if INEN, where
[m,m+N]Ng#@ for every neN. ¢ is called
strongly ergodic if for any pair of nonempty
open subset A, BCM, N(A ,B) is syndetic set.
If VKEN, ¢~ is strongly ergodic, we call ¢ to-
tally strongly ergodic. We observe that

totally strongly ergodic = strongly ergo-
dic = topologically ergodic =

topologically transitivity.

If each yEM is transitive point, then we say
¢ is minimal. yEM is said to be minimal, if
for every neighborhood B of y, N(y,B) is syn-
detic. Let AP(¢$) symbolize of the set minimal
point of ¢.

2.13. Definition

[10] Let (M,d") be a compact metric space
with metric d'and $:M—M be a map, a point
yEM is named stable point of ¢ if V £>0,3
v>0, where d ($" (y), ¢" (w)) < € for all vEM
with d'(y,0) <yand V n€Z,. Amap ¢ is named
Lyapunov stable if each point of M is stable
point of ¢.

3.Main result and proof.

Let $:M—M be a map and (M,d" ) be a
metric space. we prove some results of the
asymptotic fitting shadowing property, also
we show that if ¢ has the asymptotic fitting
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shadowing property then ¢™ has the asymptot-
ic fitting shadowing property for every posi-
tive integer m.

We also prove if (M,d") be a compact and
a map ¢ has the asymptotic fitting shadowing
property on M, then ¢ is chain transitive. We
get that a Lyapunov stable map with the AFSP
from a compact metric space onto itself is to-

pologically ergodic.

3.1. Lemma
[7] If {a } ,~ be a bounded sequence of
non-negative real numbers, then

the following conditions are equivalent:

() lim ~3 a, = 0>

(2) There is a subset ] ©N of density zero,

that 1s,

lim Card(Jn {0,1,2,..,n—1}) —

n—oo n

0 such that 112’]1 a, =0.

3.2. Theorem

Let $:M—M be a map and (M,d") be a com-
pact metric space. If {y, }, __*is an asymptotic
fitting pseudo-orbit of ¢ and ¢ is chain mix-
ing, then there is an asymptotic pseudoorbit
{z},.,~ of ¢ sothe set {kiy #z }

has asymptotic density zero.

proof: By chain mixing of ¢:M—M, for ev-
ery j there exists an integer L. so that for any
points y,zEM there exists a 1/2! - chain of length
L+1 from y to z. we may suppose that L+1 is
a multiple of L for every j. Assume that{y,}
“ is an asymptotic fitting pseudo-orbit. By

k=0
Lemma 3.1 there exists a set k so d(k)=0 and

(lim)(keK) d(¢(y).y;,)=0. 3.1
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Since d(k)=0, there exists a strictly increas-
ing sequence {nj}jzl‘” such that for every j we
have L+1 divides n, and L, -card (k | n)<1/2J,
for every n>n,. By (3.1) we may assume that
if k¢k and k>n, then d(¢(y)), y,,,)<V2". Now
we define a set k” and sequence { z |~

i+1
(kg k) in
the following way: for every j and for every t
such that [sLj, (t+1) LJ.) C [nj, njﬂ) ifk N [sLj,
(t+1) L)# @ then we include the set [tLj,(t+1)
L)NN in k*. We define {z},_,
V2 - chain from to y . of length L, +1.
Note that z (tL )=y and z
Let k’ and {z } (kek)
procedure . For k€k we put y = x,. First note
that for k>n, we have (d(¢ (z), z,)<1)2*and
hence{z * is an asymptotic pseudo- orbit.

D L) g9 g

@D L) () L)
be obtained by the above

k} k=0
Furthermore, if we fix any n> n, then there is

n<n<n,, so 7>0 and
card(k’ | n)=card(k’ | n)+Y
(k’N[n,n,,,) | n)
< card(k’ |n, }+Y_*card L,
((kN[n, n,)|n)
<card (k* | n)+L, card (k | n) <
card (k* | n) + 1/2
This shows that d(k’)=0.
The proof is completed by noting that

{k:yk;éz(k)}c k. m

j
(-1 card

3.3. Lemma
[7] Let $:M—M be continuous map and
(M,d) be a compact metric space, If ¢ has the
almost specification property and surjective,

then ¢ is chain mixing.

“ 46 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies



Vol. 7, No. 13 and 14 P. (41-50)E, 2018

3.4. Theorem
[7] Let $:M—M be surjective map and
(M,d) be a compact metric space, if ¢ has al-
most specification property, then ¢ has the as-
ymptotically average shadowing property.

3.5. Remark

The Theorem 3.4 does not give the asymp-
totic fitting shadowing property ¢ because: let
{y.}._,” be an asymptotic fitting pseudo-orbit
of ¢. By Lemma 3.3 is chain mixing, and
therefore we may use Theorem 3.2 to obtain
an asymptotic pseudo-orbit of ¢, denoted {z }
o "»such that d({i:y#z })=0.

So we cannot to show that {z}_* can be
asymptotically shadowed on fitting by point ®
€Y, then ¢ does not satisfy the asymptotically

fitting shadowing property. m

3.6. Proposition

Let $:M—M be continuous map and (M,d)
be a compact metric space, if for every posi-
tive integer m, ¢ has the asymptotic fitting
shadowing property then ¢"m has the asymp-
totic fitting shadowing property .

Proof:

Suppose ¢ has the asymptotic fitting shad-
owing property and m is positive integer. Let
{y,} .., be an asymptotic fitting pseudo- orbit
of ¢™, that is,

lim 2 d@* (), Yie1) =0.
Let Zemae = $"01) , forall 0 < k <mandallt 2 0.

lim ) (@G zi) <
i=0

(3.2)

n
N 1 m
Since e ’!l_l“l;lu ; d(®™ (V) Yier),
F

n-1
we getfrom (32)that  lim Z A2, zi1) = 0
i=0
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That is , the sequence {z 1} (i=0)"cc is an
asymptotic fitting pseudo orbit of ¢. So , there
is point ®E€Y'such that

A=1
lim d(d'(w), ) =0, (3.3)
n—so ; ¢
=1 =1 m=1
note that lim Zd{q:"“(w}. ¥)= lim Z Z A ™ (), Zgrman)
i=0 w=0 k=0

tm=1

= lm Z d (@) ).

im0
-1

lim " d($™(w). %) =0

(=1

From (3.3)that

Thus ¢™ has the asymptotic fitting shadow-
ing property .

3.7. Remark

There are difference between the asymptot-
ic average shadowing and the asymptotic fit-
ting shadowing case for example : if ¢"'m has
the asymptotic average shadowing for some
meZ,, then so does ¢, but if ¢™ has the as-
ymptotic fitting shadowing property for some
meZ_, then does not ¢.

3.8. Theorem

Let $:M—M be continuous map and (M,d)
be a compact metric space, if ¢ has the as-
ymptotic fitting shadowing property then ¢ is

chain transitive.

Proof:

Assume that y, zEM such that y #z and y>0.
It is enough to prove that exists a y- chain
from y to z.

we defined a sequence {U}._* as follows.

LetU=y,z= U,
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Us=y,z=U,
U4ZYa (1) (Y)a Z-l, 7= U7
=Y, b (9),e 02" (y), 22m 2,
= Uz“‘* 1
where ¢ (z-k)=z-k+1 for each k>0 and z =z.
It is clear that for 2"<n<2™! and

n—1

D AU, Upyy) <

i=0

2(m+1)xD

2m ’

where D is the diameter of M , that is , D=
max {d(y ,z) 1y, ZEY} .

n-1

Thus lim Z A DU, Usyy) =0.
n—oo
i=0

It means {y,}_” is an asymptotic fitting
pseudo-orbit of ¢. Since ¢ has the asymptotic
fitting shadowing property , there is a point ®
in M so,

n-1

d(d'(w), U;)) =0 (3.4

=0

lim

n-o

Since y>0 and ¢ is continuous map, 3
LE(0,y) such that d'(s,t)<u

implies d(¢ (s), ¢(t))<y for all s,tEM .

Claim. (1) There is no limits of integers
number k>0, so

Uy €45, 0o (1)) and dig™ (o),
Unh

(2) There is no limits integers number >0 , so

U €1z w1, ..., z-1, 2z} and d(¢™ (o), U )<u.

Proof (1) Assume on conversely that
INEZ, so Vm€Z, m>N, so that U€ly,
(y),- 4" ()}, itis got that (¢ (@), U)>p.
Then it would be got that
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d( ' (@), U;) 2

=0
This contradiction with (3 .4) and the proof
(1) is complete.
Proof (2) is similar to the Proof (1).
From this Claim , we pick [ k)] 0 [ ,r)] O

are positive integers and so

ad
2

n_>n and
0 Io

U, E: o). S0 (y)} and (¢ (o),
Unko <u.

UnrO €E{z
<K

It may be assumed Unkoz g1) (x) for some
k>0

Unr0 = y-r, for some r >0 .

. z-1, z } and d{¢"™0 (0),U_
10

21041 2

That is, y- chain from y to z:

y 090 () = U,
(I)nk0+2(u)),. . .’(I)nro—l(o\)),
U =zr,z-rtl,...,z.
Ny

Thus, ¢ is chain transitive. ®

g (o)

3.9. Proposition

Let $:M—M and y:T—T be maps ,(M,d)
and (T,d ) be metric spaces,. Then, ¢x vy has
the asymptotic fitting shadowing property if
and only if ¢ and y have the asymptotic fit-
ting shadowing property.

Proof: &)

we choose the metric d” on ¢x y as fol-
lowing : For m=(m,,t), t= (m,, t)) € ¢xy, d
7 (m,t)= max {d(m, m,), d’ (t, t,)}, Assume
that ¢ and y have the asymptotic fitting shad-
owing property and {(m,, t)}_ *be asymptotic
fitting pseudo-orbit of ¢x vy, that is,
lim B d” (& x $)m;, ), (i, tien)) = 0.(3.5)
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It means

n-1

lim > d(@0m),misy) =0 (3.6)

n-1

lim > (), tier) = 0,
i=0

such that {m } _ “and {t}  *areasymptotic
fitting pseudo orbit of ¢ and vy ,respectively,
thus there is r , r, EM such that

lim Z d(o'tr), m) =0, (3.7
i=0

n—1
Tlli_r)gz dWitr), &) =0. (3.8)
i=0

By Lemma (3.1) and (3. 7), 3J,cZ of zero
density so
]ll_)rg) d($'(ry),m;)) =0 (3.9)

so j&J .Similarly, 3 J CZ of zero density so
}Lr?o d(Yi(ry), ) =0 (3.10)

so J&J, . Let J=J NJ,. Then, JcZ, subset of
zero density and tma” (@x ¥)'¢i ). (my.5)) =0 (3.11)

so j&J . so that, by Lemma 3 .1 we have

n—-1
lim
n—oo
i=0

d” ((Cbx )’ (Tl'rz)r(mj:tj)) =0. (312)

Thus ¢ y has the asymptotic fitting shad-
owing property.

=) Similarly ,we can show that if ¢x y
has the asymptotic fitting shadowing property
then ¢ and y have the asymptotic fitting shad-
owing property. m

3.10. Theorem

Let $:M—M be a Lyapunov stable map
and (M,d) be a compact metric space, If ¢ has
the asymptotic fitting shadowing case, then ¢
is topologically ergodic.

Proof:
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Let S,,S,cMand S, S,#@. We pick meS
,2€S, and €>0 such that B(m,e)c S, and
B(z,e)c S,. Since ¢ is Lyapunov stable and M
is compact, 3 « >0 so for any s, tEM,d(s,t)<
implies that d{¢" (s),$" (t))<e,vVn>0.

Construct the sequence {u,}._* as shown:
z=u,

7= U.3

u,=m-1,y,z-1, z=u,

u,=m,

u,=m,

m

r-1

r-1 ol o

2 e

Uy = ., m-2, m, z . Z-2,
z-1, z=u 1

where ¢ (m_j)z m_ ,Vj>0,z=zand ¢ (z)=
z, V1>0,

z,= z. It is clear for 2'<n <27,

-1

n-1

S o, u < LEXL
i=0

o7
where D= max{d{(m,z): m,z €M } is the
diameter of M. Hence
lim(n—+0)¥, " dl(u).u,.,)=0.
Hence {u.} _ *1is an asymptotic fitting pseu-
do-orbit of ¢. Since ¢ has the asymptotic fit-

ting shadowing case, 3 u€M, so
n-1

d(d'(w),u;) =0. (3.13)
Let] =it u€fm

J={1: u€{z
(w),u)< .

Claim: J and J have positive upper den-
sity, that is , D' (J )>0 and D (J )>0.

proof of Claim. Now, we will prove D

lim
n—-+oo
ity Miyicty ey M, M |,

Z,i1se.s Z,, 2} and d(¢'

2Ly

'(J)=0. assume conversely, D (J, )= 0 then we

have
. Card(J,, n {0, 1, ... , n—1})
lim =

n—+o0o n

0.

m m

Let J’mz{i:uie{m_zi-lﬂz irlseees 10 m}
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and d{¢' (u),u)<}.

. Card(J'_n{0,,..,n—-1
Then Jim 24U mN{ i) _ 1,
n-+o n 2

so V ue(0,1/2\), 3 N>0 so

soVuE(O,%),3N>0 SO
Card(J’_ n{0,1, .., n—-1 1
U'mn { Do,

v >N.
n 2 nzN

n-1
So,lim sup Z d(¢'(w), w;) = lim sup d(di (), w;)
n-+o n-+oo
=0

i)' un{01,.n-1}
Card(J'. n {0, 1, ...,n—1
> o lim sup Umn i )
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)
Since p is arbitrary, we have
n-1
d(d'(u), u;) =
i=0

This is a contradiction with (3.13). Hence
D (J_)>0.

Proof that D (J )>0 in the same way.

Now letJ (z)={l€J :u=z }, Vt=0. Then, by
Claim, 3t,>0,s0 D (J o (@)>0.

We pick 1, > 0 and 0 < k < 2')-1, s0 ¢
(weB (m_kO ,0€).

v Je ] ; (z) with J> 1+k, we have ¢
(u)EB(z_tO,oc). Because ¢ Lyapunov stable , we
have ¢'o*0 (u)EB (m,g) and ¢'*'o (u )EB(z,¢).

Let nj=(j+t0)-(10+ko). We have ¢"i (B (m,e)N
B(z,)) # @. So, ¢4 (S)) N'S,# @. Thus D

(K(S).s)>D( ,, (2))>0. Hence ¢ is topologi-
cally ergodic. m
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Abstract

This paper is an attempt to improve the quality level of an industrial product
(Ishtar Kerosene Heater) in Light Industries Company by using Demerit Control
Chart (U-chart). Demerit per defected unit (U) was calculated to determine the
control limits for selected thirty samples. The results showed that the production
process was under controlled according to the statistical recorded data. Also, the
defects classes A and B have no influence of the product performance. Additionally,
it was found that the percentage of the quality level of product was ranging between
(80-100%), indicating that this level is quite good.

Keywords
Quality level, Demerits control chart, Standard Quality level, Quality Control
charts.
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1. Introduction:

Quality improvement means increasing the
efficiency and completion of the company and
expanding its ability to grow and develop, by
producing a product that meets the desire of
the consumer with good quality and the right
price with efficiency in performance, and
therefore reducing the likelihood of failures. It
also helps in raising the morale of the employ-
ees and motivate them to produce products
with higher quality and at lower cost. This will
lead to increase the ability of local production
to compete in foreign markets, with economic
returns of quality is in its contribution to the
national economy and national income.

There are several definitions of quality,
which are given as follows:

Juran [ 1] defined it as ““ Fitness for purpose
or use “, Feigenbaum [2] defined it as “Quali-
ty means best for certain customer conditions.
Montgomery [3] define it as “Quality is in-
versely proportional to variability. the Ameri-
can National Standards Institute (ANSI) and
the American Tociety for Quality (ASQ) [4]

defined quality as “ the totality of features
and characteristics of a product or service that
bears on its ability to satisfy given needs .
Wheeler and Chambers [5] define quality as
being “on — target with minimum variance “.
From the previous definitions, researcher has
adopted Juran definition, since it focuses on
the quality of product or service which is fit-
ting to the specifications or using.

Quality control is a process employed
by the company to provide and maintain the
final product with the desired features, proper-
ties and characteristics of identity, uniformity,
potency and stability within established

levels. is an effective system for integration
the quality development, quality maintenance
and quality improvement effects of the vari-
ous groups in an organization so as to enable
production and service at the most economi-
cal levels extending full customers satisfac-
tion [6].
system in a production system.

Fig. (1) shows the quality control

Inputs Raw Conversion / creation Outputs
. materials and process Finished
Supplier i customer
—> purchased I manufacturing > goods |—>
parts operations service and
operations servise
Sampling Sampling Sampling
Techniques Process control Techniques

|

L

Quality control

Fig. (1): Quality Control a production system [6]
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1.2. Control charts:
Control charts are widely used for monitor-

ing and examining a production process. The
power of control charts lies in their ability to
detect the process shifts and to identify the ab-
normal conditions in the process. This makes
possible the diagnosis of many production
problems and often reduces loses and brings
substantial improvement in product quality.
in 1924 (Walter She whart) designed the first
control chart and proposed a general model
for control charts [7, §].

Control chart are the most important statis-
tical process control (SPC) tools for monitor-
ing the performance of products and services.
They are classified in two parts according to
their application, Variable and Attribute con-
trol charts [3]. Attribute control charts are
often used to monitor services because they
are based on quick diction of good or bad. C-
Charts and U-charts are commonly used to
render decisions on the statistical control sta-
tus of products and services [ 9].

1.3. Demerit Control Chart:

A classical demerit control chart is used to
monitor the counts of several different cat-
egories of defects simultaneously in a com-
plex product. The traditional classical demerit
control 1s used to plot the demerit statistic, a
weighted sum of the number of defects in each
category, on a control chart [10,11].

The demerit control chart was created by H.
F. Dodge while working at Bell Laboratories
as a means to chart product with more than
one kind of possible defect. Some defects had
very serious consequences on the performance
of the product and some were not very serious
[12]. The various types of defects were classi-
fied into four different categories, The differ-
ent types of defects first need to be classified as
either A, B, C or D. Once cach defect is clas-
sified, a weight is given to each class depend-
ing on the impact of defect on performance or
outward appearance , As well as the possibility
of noting the defect or not noticed by the con-
sumer [ 12 ], as shown in Table (1) .

Table (1): Basic classification — definition of defects [13]

Effect of defects on Effect of defects on Effect of defects on NG
Dintenii ki erformance appearance complains ol
P PP p demerits
A Will certainly have WIH certainly be ) .
very i noticed by customers | Will certainly cause
. a great influence on . 100
important . and then cause complaints
the function )
defects complaints
B May have a great May be noticed l?y Tl et s
Important influence on the customers and will complaints 50
defects function then cause complaints P
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¢ May to some extent May be noticed by
Less Y i customers but will then | Will probably not
) have an influence ) 10
important ) probably not cause cause complaints
on the function .
defect complaints
b Will not have
Not . Will not be noticed by Will not cause
. influence on the . 1
1mportant . customers complaints
function
defects

1.4. Evaluation of the Degree of
Product Quality:

The degree of product quality is to obtain in-
formation about the quality of the product extent
of the acquisition and use of an appropriate de-
gree of compliance with the specification as from
the standpoint of the consumers, and use the au-
dit result of a product quality in order to [14]:

provide production managers and officials with
ongoing information about the levels of quality

know the defects, remove them, and con-
tinue to improve quality.

provide incentives for workers to do a good
job and find an objective look at the quality of
their output.

After the completion of the final inspection
and packaging, then, the sample is randomly
selected for examining and evaluating, de-
pending on the characteristics and specifica-
tions, where the defect are recorded and clas-
sified according to the degree of importance,

as was shown in Table (1) previously.

1.5. Used Methodology for Evaluating the

Level of Product Quality by using Demirit:
This research aims to evaluate the final
product quality by using Demerit Control

Chart (U- chart) to determine the defects and
its dangerous scope, in order to explain the
Demerits from consumer point of view to im-
prove the product quality.

The sample size is calculated every time by
using the following equation [13, 14]

n=kV2Nn=kV2N (1)

where:

n: The sample size for ready product — ex-
amination

N: Total production volume — ready over a
period of time (day, week, month)

k: A constant amount between (0.6 — 2.6)
depending on the degree of complexity of
product [13 ,14].

Examination of the sample. This is used
most often in the same scales used in inspec-
tion during production stages.

Classification of four types of defect in rela-
tion to the degree of importance and the possi-
bility of a complaint by the consumer which is
given for each class demerit of points, which
1s shown in Table (1) previously.

Constructing a Demerit Control Chart.

Calculating the number of demerit per sam-
ple (U) through the following formula [15,16]:

U= @

T
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d = (100d, + 50d; + 10d,)
U: Demerit per unit
n: The number of unit in the sample
where, d A is the no. of class A defects, dB
is the no. of class B defects

dC 1s the no. of class C defects, dD is the
no. of class D defects

ii-After calculating the number of demerit,
it is compared with Table (2)

which shows the relationship between the
level of quality and number of demerit.

Table (2): The relationship between the level of

quality and number of demerit [16]

U(point of demerit ) Level of quality %
0-0.99 100 (Excellent)
1-1.99 90 (Excellent)
2-299 80 (very good)
3-3.99 70 ( good )
4-4.99 60 (average)
5-5.99 50 (poor)
6—-6.99 40 (very poor)
7-17.99 30 (very poor)
8 —8.99 20 (very poor)
9-9.99 10 (very poor)

Table (2) shows when the value of level of the
product quality is the range (60% -100%), this
means that this level is acceptable by the company.

ii1 -Calculating the standard quality per-
formance for the products (U) by following
equation [ 10,15]:

U = 100U, + 50U + 10U, + 10, ... ....(3)
(UaUs, U-.Us):  The

ber of each class of defect per unit (ex.,

average  num-

I E‘?‘_.dﬁ — E‘[\‘_.E‘EB — Ef_.dc — E‘[\;.HD
UA_ = ’UB_ = ’UI'___ ’UD_ " j

n n i)

(dA, dB,dC , dD ) = the total number of
class (A,B,C,D)defects in the sample

fiit : the total number of sample size.

Calculating the standard deviation through
the following formula [13,16].

'(100)317;1 + 5020, + 1020, + 120,

n

. (4)

o’ =
N
n- = Average Sample size

the total number of insfection unit

n- =
sample number

Calculate the control limits throw the fol-

lowing formulas [17]

Centre line =UU, as was shown in eq. (3).
Upper control limit = U + 36 ...... ... ... (5)
Lower control limit =0 — 3¢ ... .. ... (6]
Plotting a demerit Control Chart (U-chart)
After drawing the center line and control
limits, the values of(U) are pointed, if these
values of (U) above the upper limit, this shows
that the level of quality of the final product is
less than the standard quality performance (¥
1—;) . But, if it is near the centre line, this indi-
cates the occurrence of a real improvement in
the quality of the product. If the a value of (U)
is between the upper and lower control limit,
the quality of the product would be acceptable.

2. Practical Implementation:

In this section, a real application of industrial ex-
ample, 1. e, [shtar Kerosene Heater product, Model

(36) C, which is manufactured in the Light In-
dustries Company, its geometry shape is described
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to produce the final product, are shown in Fig. (3).

Key No. Part Name Remarks [ Key No. Part Name Remarks
1 CABINET COHPLETE
1A Top plate
4 PLNTE COVER
1B Screw for top plate
. 2 pcs. 4A Plate cover
Ic arill 4B Screw for plat 2
D Cabinet crew for plate cover pes.
P | Thumb serew forcabiner | 225 | 3 I ADIUSTIER
3 pcs. SA Wick adjuster
2 CHLMDEY COMPLETE 3B knob 3 pes.
2A Heating coil >C wing nut
B e 6 GLASS FIBER WICK
e A 7 RUSSER PACKING
e ey 8 PUEL TANK
2D Middle chimney .
. 8A Main fuel tank
2E Outer chimney (glass)
. . 8B Fuel filler cap
2F Circular clip
G Citflaey SugToTT 2 pcs. 8C Fuel acceptance
M Eiross i 2 pcs. &D Sub fuel tank
3 LIGMING DEVICE 9 DATSRY HOLDER
. 10 TRAY 4 pcs.
3A Pilot heater
S . 10A Screw for tray
3B Lighting device 2 pes
3C Screw for lighting device pes.
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Presses cutting and Welding and Coating and
forming ’ Assembling Cleaning
Packaging «— Final Inspection -— Final
Assembling
Fig (3): Manufacturing stages of Ishtar kerosene heater
To evaluate the quality of product, the fol- The sample size was then calculated for

lowing steps can be followed depending on each sample by eq. (1) taking the value of k=1

the data given in Table (3): since the product is considered not a complex
(30) samples were selected randomly from industrial one.

the final products during (30) days. All the results of calculation are given in Table (3).

Table (3): Total production and sample size for Ishtar Heater product

No. Date Total p(rli)l;luction Sizren%llf): No. Date Total p(rg;luction Samp()rls size
1 | 12/1/2014 200 20 16 20/ 2 125 16

2 | 141 230 21 17 25/ 2 125 16

3 16/1 150 17 18 27/2 125 16

4 19/1 150 17 19 2/3 100 14

5 21/1 200 20 20 3/3 100 14

6 23/1 200 20 21 5/3 100 14

7 26/1 150 17 22 6/3 80 17

8 28/1 200 20 23 9/3 150 17

9 30/1 150 17 24 10/3 80 13

10 3/2 200 20 25 11/3 100 14

11 5/2 200 20 26 12/3 80 13

12 9/2 200 20 27 13/3 200 20

13 13/2 150 17 28 16/3 100 14
14 16/2 150 17 29 17/3 100 14
15 18/2 150 17 30 18/3 100 14

> N=4345 > n=502
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According to the form shown in Table (4) pre- customer point of view regarding the product under
pared by the researcher to find out the effective prop- the study, it was found that there are only effective
erties and classes of defects per property from the properties. These are packaging, the performance

Of the product and appearance.
Table (4): The effective properties and classes of defects per property for the product under study.

Company Batch size Date
Product name Department Issued | Issued date
No Type of defect N = Defect Zlass =
Property (packaging)
1 Install the product mark on the carton X
2 Irregular striping found X
Property ( The performance of the product)

3 Main fuel tank X

4 Chimney completer X

5 Wick adjuster X

6 Knob X

7 Reflector X

8 Rubber packing X

9 Adjuster X X

10 Tray X

Property (Appearance)

11 Top plate X X
12 Grill X X
13 Access X

14 Front panel X X
15 Decoration panel X

16 Cablnet X

17 Without the name of the product and model no. X
18 Carrying handle X X
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4- The results of classes of defects during 5- The results of the calculated U for any day un-
the inspection period are given in Table (5). der study using eq. (2) are given below in Table (6).

Table (5): The numbers of classes defects (A, B. C. D)

Class of defects Class of defects
No. Date No. Date
A | B C | D A| B C | D
1 12/1 - - - 3 16 20/ 2 - - 1 -
2 14/1 - - 2 - 17 25/ 2 - - 1 1
3 16/ 1 - - - 1 18 27/ 2 - - - 1
4 19/1 - - - 1 19 2/3 - - - 2
5 21/1 - - - - 20 3/3 - - - 1
6 23/1 - - 1 - 21 5/3 - - 4 -
7 26 /1 - - - - 22 6/3 - - 1 -
8 28/1 - - 1 2 23 9/3 - - - -
9 30/ 1 - - 2 - 24 10/3 - - 1 -
10 3/2 - - - - 25 11/3 - - 1 -
11 5/2 - - - 5 26 12 /3 - - - -
12 9/2 - - 4 - 27 13/ 3 - - - 2
13 13/ 2 - - - 2 28 16/ 3 - - 1 1
14 16 /2 - - - 3 29 17 /3 - - - 3
15 19 /2 - - 3 - 30 18 /3 - - - 1
30 30 30 30
Zdﬂzu ,Zdﬁzn ) dezzz ,Zdﬂzze
— p— — =
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No n U No N U No n U
1 20 0.15 11 20 0.25 21 14 2.86
2 21 0.95 12 20 2 22 13 0.77
3 17 0.06 13 17 0.12 23 17 0
4 17 0.06 14 17 0.18 24 13 0.77
5 20 0 15 17 1.76 25 14 0.71
6 20 0.5 16 16 0.63 26 13 0
7 17 0 17 16 0.69 27 20 0.10
8 20 0.6 18 16 0.06 28 14 0.79
9 17 1.18 19 14 0.14 29 14 0.21
10 20 0 20 14 0.07 30 14 0.07

in table (2) and values of U for 30 days, as
shown in Table (7).

6- The percentage of quality level was

computed depending on the data that given

Table (7): The percentage of quality and level number according to the no. of demerit (U) for product

for 30 days
No | U(the number of demerit) | Level of quality | No | U(the number of demerit) | Level of quality
1 0.15 100 16 0.63 100
2 0.95 100 17 0.69 100
3 0.06 100 18 0.06 100
4 0.06 100 19 0.14 100
5 0 100 20 0.07 100
6 0.5 100 21 2.86 80
7 0 100 22 0.77 100
8 0.6 100 23 0 100
9 1.18 90 24 0.77 100
10 0 100 25 0.71 100
11 0.25 100 26 0 100
12 2 80 27 0.10 100
13 0.12 100 28 0.79 100
14 1.18 100 29 0.21 100
15 1.76 90 30 0.07 100
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7-In order to construct the U- chart, one has
to find the values of (U) according to eq. (3),
standard deviation ( ) by eq .(4 ) ,and finally
the upper and lower control limits . Therefore,
the plot of demerit control chart (U- chart) is
shown in Fig. (4).

U (The number of demerit)

. U.CL=221

C.L=0.56
L.C.L=000

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Sample number
Fig. (4) Demerit Control Chart (U- Chart)

3. Results and Discussion:

The inspections of the selected sample (30
samples) showed that the sum of defects of
class A and class B was Zero. Therefore, these
types of defects had no effect on the product
performance. But, the sum of defects of class
C was (23) and class D (29), indicating that
they had a slight influence on product func-
tion.

The percentage of quality level was found
between (80 -100) Table (7), revealing that
this quality was quite good, although that the
(U) value for sample (21) is out the limit. And,
this is attributed to insignificant assembling
defects (class ¢ defect), however these defects
have no effect on the performance of product,

there by no complaints have been not present-

ed by any customer yet.

4.Conclusions:

From practical results, the following con-
clusions can be drawn:

The numbers of defect class (A, B) have
zero percentage in comparison with the de-
fects classes (C, D)

The defect class (D) has the larger (55.8 %)
and these defects have no effect on the perfor-
mance of a product which lead no complaints
from the customers such as welding quality
in grill less than the standard welding quality
and the number of holes in top plate was less
than the standard holes in holes.

The production process was statistically
controlled because of the (U) value for sam-
ples is located between the upper and lower
control limits.

The percentage quality for Ishtar Heaters in
period (30) days was located

between (80%) and (100%.)
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Abstract

Zinc oxide film has been deposited on an equilateral prism using spin coating
method. The sample is then annealed at (400) OC for one hour. X-ray diffraction
(XRD) confirms the formation ZnO polycrystalline structure with the unit
cell parameters of a= (0.325) nm and c¢= (0.52) nm .The variations of both the
transmittance and absorbance with wavelength in the range from (300) to (1100)
nm is measured. The optical energy gap of the film is calculated from analysis of
optical absorption. Based on output power modulation of reflected laser light, the
humidity sensing of the deposited film is investigated at relative humidity (%RH)
in the range (10-90) %. Three angles (45, 60 and 80) degree are used to apply the
laser beam. The obtained results showed that the output power of reflected beam
is increased with humidity. Maximum relative humidity was recorded at incidence
angle ©1 = (80) degree.

Keywords

Humidity sensor, ZnO, Spin coating, power modulation and relative humidity.
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1. Introduction:

Humidity is important a factor of environ-
ment drastically affects all organisms. For
industrial applications and human life hu-
midity sensors are becoming more important.
Measurement of this parameter is needed in
large applications such as, civil engineering,
electronic processing, agriculture, air condi-
tioning and meteorological services. In gen-
eral humidity sensors can be classified to two
types. The principle of first type is based on
the measurement of electrical parameters like
resistance, capacitance and impedance [1,2].
Second type measures the variations on op-
tical parameters like frequency shift, refrac-
tive index and wavelength variation [3]. The
second type is called optical (opto)-electronic
humidity sensors. During the current work,
attempts are done to measure the output pow-
er of reflected laser beam as many workers
done [4,5].

Sol-gel spin coating technique has many
advantageous over other frequent thin film
techniques due to the following: it produces
uniform thin film, it needs less equipment, it
is relatively less expensive [6] Besides, uni-
formity of the deposited films and their mi-
crostructure can simply be controlled by ar-
ranging the preparation condition like fluid
density, solution concentration, fluid viscosity,
annealing temperature and speed of the spin-
ner [7]. ZnO is a semiconductor material with
direct wide band gap, a hexagonal wurtzite
structure and binding energy of (60) meV. In
fundamental research and due to its potential
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applications, this material has attracted much
interest. ZnO 1is utilized in large scale of ap-
plication like solar cells, violet/blue emission
devices, acoustic devices and laser diodes [8].

In this contribution, an attempt is done to
fabricate optoelectronic humidity sensor, the
working principal is depend on measuring
the variation of reflected laser output power
from the base of prism located inside a cell

with variable humidity circumstances.

2. Experimental part:

Microscope glass slide is used as sub-
strate to deposit ZnO film. The dimensions
of this substrate were (75) x (25) x (1) mm.
The substrate is washed with ethanol and
then distilled water. Sol solution was pre-
pared by adding (3.1) g Zinc acetate dihydrate
(Zn(CH3COO0)2.2H20) to isopropanol alco-
hol then (0.86) g mono ethanolamine (MEA)
is added to yield a homogeneous and clear
solution. The solution is then aged at room
temperature for one day [9]. Home made spin
coating machine is utilized with speed (2000)
rpm. (100) micro liter from prepared sol so-
lution is injected by using micropipette on
substrate surface when the speed reaches the
mentioned speed. After coating the substrate
1s heated to (400) OC under ambient condition
for one hour. The same procedure is repeated
to deposit ZnO on one prism face and then
heated at the same conditions. = Shimadzu
X-ray diffractometer is used to determine the
orientations of ZnO. Bragg angle is ranged
from (10) to (80) degree. To characterize the
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optical properties of the samples UV-Visible
1800 spectrophotometer is used. Transmit-
tance% and absorbance% are measured at am-
bient conditions " temperature = (30) degree
and %RH =35".

The output power of reflected laser beam
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from prism is measured by spectrometer type
HR4000CG-UV-NIR as a function to %RH in-
side this chamber. The used laser has output
power equals to (100) mW. Two saturated salts
are used to increase and decrease humidity inside
chamber, these salts is tabulated in Table (1).

Table (1): Humidifier and dehumidifier salts.

Salt RH range% Function
K. SO, to 95 10 Humidifier
KOH to 10 95 Dehumidifier

[llumination of the first face of prism is
achieved by laser diode with wavelength
(531) nm. After reflection from the second
face (coated with ZnO and inserted inside the

chamber); the laser beam exists from third face

to be measured by spectrometer, as shown in
Fig. (1).

Incident and reflected
laser

Plastic ties

Chamber

Humidifier salt

Prism

Prism base

Laser
diode

Fig. (1): A- The fixed prism on humidity chamber.
B-The details inside the chamber.

To measure the response and recovery time,
humidity is stabilized at extreme %RH and
then slowly exposed to atmosphere to achieve
atmospheric %RH.

3. Results and discussion:
Fig. (2) shows the indexed XRD pattern of

ZnO film. This pattern indicates that the film
is polycrystalline. All appeared diffraction
peaks are corresponded to the ZnO wurtzite
structure (JCPDS Card, No. 36-1451). Fig. (2)
illustrates enhanced intensities of the peaks
corresponding to plane (002), indicating pref-
erential orientation along the c-axis [10]. De-
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bye Scherrer equation [11]:
Crystallite size(§) = 0.941 / BcosO

is used to calculate average crystallite
size of the ZnO. Where A is x-ray wavelength,

Mustafa Shakir Hashim, Reem Saadi Khaleel, Hadi Ahmed Hussein, Hussein Thamir Salloom

B is the broadening of the hkl diffraction peak
measured at half of its maximum intensity (in
radians) and 0 is Bragg diffraction angle. Ta-
ble (2) illustrates some parameters calculated
from Fig. (2).

Table (2): Calculated parameters from XRD pattern.

Unit cell parameters (nm)

Crystallite size(nm) .

C

2.73

0.324982

0.52066

The peaks' sharpness indicates to a good
crystallinity of the deposit. Lower intensities
than that of (002) peak are observed for (102),
(110), (103) and (112) peaks. The agglomera-
tion of particles produces bigger crystallite

size.

Intensity (cps)
250

200
150

100

50

40 50 60

20 (deg.)

Fig. (2) : XRD pattern of ZnO film.

Fig. (3) illustrates the variations of both the
transmittance% and absorbance with wave-
length in the wavelength range from (300) to
(1100) nm. Low relatively transmittance val-
ues of the film may be due to one or all the fol-
lowing: (1) increasing photons scattering due
to crystal defects, (2) its comparatively high
thickness (2) um and (3) absorption of pho-
tons by free carriers [12].

From Fig. (3) it can be inferred that the re-
flection of the two used wavelengths (630.6)
and (532) nm are more than the transmit-
tance or absorption. This reflection's values
are useful in current application because the
variations of humidity inside the chamber are
measured as a function to reflected laser from

active ZnO layer.

80
70
60
50
40
30
20
10

>

Transmittance%
388588238
0, 90UBQIOSqQY

100 200 300 400 500 600 700 800 900 1000 1100
Wavelength@mm)

Fig. (3): Transmittance% and Absorbance versus
wavelength.

By using extrapolation method the value
of optical energy gap Eg is calculated. This
method is done by plotting the square of
(ahv) versus photon energy, as Fig. (4) shows.
Where a is absorption coefficient and v is the
frequency of the light. The Eg value is (3.26)
eV in good agreement with others [13].
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Fig. (4): Estimation of optical energy gap.

Fig. (5) shows the output power variations
as a function to %RH. The sensitivities of the
sensor are listed in Table (3) which it show slow
increasing in reflected laser output powers for
the three incident angles in the range (10-60)
%RH and then the increasing becomes fast at
high %RH. This Table shows also the increas-
ing of average sensitivities with ©1. After the
total internal reflection from ZnO layer at in-
cident angles (45, 60 and 80) degree; the laser
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beam exist outside the surface of the prism.
The variation of ZnO refraction index due to
adsorption of water vapor (with increasing the
humidity) produces output power changing
of reflect laser. Inside the chamber humid air
(water vapor) replaces dry air with increasing

of humidity.

“ntensity(watt/m~2)

f% »

10 20 30 40 50 60 70 80 90 100 4

Fig. (5): Variation of reflected laser output power

versus %oRH.
Table (3): Sensitivity of the sensor as a func-

tion to incidence angle.

Incidence angle O, (de- Average sensitiv- Average sensitivity
gree) at the prism-film | ity (10-50%RH) (50-90%RH) (Watt/
interface ((Watt/m?/%RH (m?/%RH
45 30 136
60 48 171
80 68 215

As aresult, the pores of ZnO layer are filled
with this humid air and water’s condensation
inside these pores increases the film refractive
index [5]. ZnO layer density (5.67) g /cc will
be changed as result to adsorption of water; its
density (1.004) g/cc [14].

Response and recovery times are measured
when %RH is stabilized at (10) and (90) re-
spectively and then slowly subjected to room

atmosphere. Fig. (6) shows the variation of
output power with time for ©1 = (60) degree.
Recovery time and response time are (10 and
30) s. respectively. These values are close to
that measured by Yadav et al [4] who fabri-
cated opto-electronic humidity sensor from

(Mg—Zn—T1i) oxide nanocomposite film.
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-~ itv o
Intensity(Watt/m”2) ?g-:g of,x
\—) Recovery time =10(s) Se—e—e
3
2 .//.‘_.—_‘_.__’.__’_’_’_‘
1 l/—)Response time =30 (8
Time(s)
50 100 150 200 250 4

Fig. (6): Response and recovery times of the sensor
for ©i = (60) degree.

4. Conclusions:

The obtained results allow us to draw the

following conclusions:

1. Sol gel processed ZnO thin film is suc-
cessfully deposited on an equilateral
prism using spin coating technique.

2. Structural analysis indicates the forma-
tion of ZnO thin film with the average
crystallite size about (2.73) nm.

3. The measured optical energy gap of
thin film was in a good agreement with
published values.

4. The present study explored utilizing
ZnO thin film deposited on a prism as
humidity sensor at room temperature,
the output power of reflected laser light
increases with increasing of water va-

por adsorption.
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Abstract

The lifetime distributions play important role in many real life fields such as
the biostatistics, reliability and survival analysis, so we try to contribute infinding
anew proposed lifetime distribution, weighted transmuted Pareto distribution, and
discuss some of its statistical properties.

Keywords

Transmuted Pareto distribution, Weighted distribution, Cumulative distribution
function, Reliability function.
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1. Introduction

The statistical analysis depends on the sta-
tistical model, or distribution, represented
the life phenomena under study. However,
the models available do not fit data of many
important and practical problems. So that a
non-linear parametric model may be recom-
mended. The weighted, transmuted, weighted
transmuted distributions are from these non-
linear parametric distributions.

Shaw & Buckley (2009) [3] used the rank
transmutation map RTM, a tool for the con-
struction of new families of non-Gaussian dis-
tributions. They used it to modulate a given
base distribution for the purposes of modify-
ing the moments, in particular the skew and
kurtosis. They introduced the quadratic rank
transmutation map (QRTM) that has been used
by many authors to introduce different new
important distributions. The transmuted Pa-

reto was derived by F. Merovciaand L. Pukab

2.distribution:

The weighted distribution is considered
as a good tool for modeling statistical data
when these data can not fit the standard
distributions because the damage, missing
caused to the original observation resulting
in a reduced value, or adoption of a sampling
procedure which gives unequal chances to
the units in the original. Fisher (1934) [1]
introduced this concept and Rao (1965) [2]
developed it.

Some recent searches of weighted distri-
butions studied by many authors like:
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K. K. Das and T. Deb Roy (2011) [4] who
introduced the length-biased Weighted Gener-
alized Rayleigh distribution and some of its
properties,

X. Shi, B. O. Oluyede and M. Pararai
(2012) [5] derived a new class of weighted
generalization of the Rayleigh distribution,
and discussion some of properties,

K. abed al-kadim and A.F. Hantoosh (2013)
[6] constructed the Double weighted distribu-
tion, and Double weighted Exponential distri-
bution.

K.A. Mir, A. Ahmed and J. A. Reshi (2013)
[7] studied a new class of Length-biased beta
distribution introduced the first kind, and esti-
mation its parameters,

N. I. Rash wan (2013) [8] presented a new
weighted distribution which is known as the
double weighted rayleigh distribution and
some of its properties,

A. Ahmad, S.P Ahmad and A. Ahmed
(2014) [9] constructed a new weighted distri-
bution which is known as the Double Weight-
ed Rayleigh Distribution, and discussion sta-
tistical properties of this distribution ,

K Abed Al-Kadim and N. A. Hussein
(2014) [10] introduce new class of length-
biased of weighted exponential and Rayleigh
distributions. And they studied some of its
statistical properties with application.

P. Seenoi, T. Supapakorn and W. Bodhisu-
wan (2014) [11] introduce a length-biased of
the exponentiated inverted Weibull distribu-
tion.

The aim of this paper is to propose and
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study a generalization of the Pareto distribu-
tion using the weighted distribution, that is
obtain a larger class of flexible parametric
distribution. In this paper, the transmuted Pa-
reto distribution derived by Faton M., Llukan
P. (2014) [12], we study the a new proposed
distribution, the weighted transmuted Pareto
distribution, and discuss some of its statistical
properties. It may use in applications of reli-
ability, actuarial science, economics, finance
and telecommunications. This paper is orga-
nized as follows. Section 1 contains introduc-
tion. The weighted transmuted Pareto distri-
bution is introduced in section 2, including the
cumulative distribution function (cd f), pdf,
hazard and reverse hazard functions and some
of its properties. In section 3, the conclusions

are presented.

3. Mainresul:

3.1. The Weighted Transmuted Pareto
Distribution(WTPD):

3.1.1. Definition (WTPD):

Let the weight function and the transmuted
Pareto distribution be w(x)>0 and f_,  (x)
respectively. Then the weighted transmuted
Pareto density function g . (X) is obtained

as:
w(X)frpp (x)i (1)

gwrpp (x) = Wn '

Where w(x)=x ,is called the weight , it is a
normalizing factor obtained to make the total
probability equal to unity that is chosen such
that choosing

0<wo=E[wX,p)] <.
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ax,‘fl(l—lﬁ—zl(me)“)

xat+l

_ axpl2a-1-1]
T (a-1)(2a-1)

wp = E[w()] = [ x (2)

where the pdf of transmuted Pareto distri-

butionis: .

frep(x) = ‘7"‘%(1‘::1’1(7'") ), x>0,[A|<l,a>0 (3)
So that
guano () = NI i< >0 (4)

Which is similar to pdfof WTPD with
weight (a-1)(2a-1)/((2a-1-1) ) for [A|<1,0>0
And with slightly difference.

5

Ata=1.4, M= Lineia=0l 5
Ata=1.9, Xae 05, Lmda=D5

Ma=Z 4, a1, U= s

Fig. (1) The pdf of WTPD for different values of Ai,a

In Fig. (1)we note as the shape of the pdf
of WTPD, it is decreasing function along the
increasing x and at different values of Ao .

3.1.2. Remark

In this remark we prove that g, (x)isa
pdf as follows:
I gy (0dx =[x, ) x(a-1)(20-1)
(I-AH2Mx_/x)* )/((20-1-A) ) dx

_(@-1DRa-1)
T Qa-1-2
_ (a—1)(2a—1)(—2a+1+2a.1—/1—2a.1+21)
T QRa-1-21) (¢ —1D(2a—1)

_ (@a—1DQ2a-1)
T @a-1-2) (

3 = @
[(1 —DxE? j X %dx + 2Ax%1 [ x e (me) dx]
Xm Xm

—2a+1+2 —1
(a—l)(Za—l))_ ]

Acumulative distribution function (cd f)
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of weighted transmuted Pareto distribution is

given as:
(@-1)@2a-1) 41 —a+1 (1—3) 24 (xm
G x)=1-— ooixe ( )
WTPD( ) a-1-1) ™ (a—1) (Za 1) 5
1.5 T T
Ala=1.4, Xm=0.58 Linda=0.5
AHMI=1.9, Xm=0.5, Linda=0.5
ARa=Z.4, Xxm=1, Linda=0.5
1|k
[+ K]
o . . . .
[+] [+ N 1 1.5 2 25 3

Fig. (2) The cdf of WTPD for different values of A,a

Fig. (2) shows as the shape of the cdf of
WTPD, it is increasing function along increas-
ing x and at different values of A,a

3.2. Reliability Analysis:
3.2.1. The Reliability Function (RF):
The reliability function of weighted trans-

muted Pareto distribution is given as:

G

Qa-1)\ x

(a-1)2a-1)xH"
(2a-1-A)x*"1

(1-1) 24
(a-1)

Ryrpp (s, 0) =

Alta=1.4, ¥m=0.8,Linda=0.5
Alta=1.8, Xm=0.5, Linda=0.5 []

Aa=2.4, X¥m=1, Linda=0.5

[

[+]

1 L 1 1
[+] [+ R 1 1.5 Z2 25

Fig. (3) The RF of WTPD for different values of Ai,a

In Fig. (3)we note that the shape of the RF
of WTPD, it is the inverted of the shape of cd
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f function along increasing x and at different

values of A,

3.2.2. The Hazard Rate Function (HF):
The hazard rate function of (WTPD) is
(- /1+z,1("m)“)

TR

gwrpp (XiA)
Rwrpp(riad)

hwrpp (x; 0, ) =

(7)

- AHa=1.4, ¥m=0.8,Linda=0.5 H
AHa=1.9, ¥m=0.5, Linda=0.5
AHa=Z 4, ¥m=1, Linda=05 []

18

180

14

1z}

[eE-

0

o4 -

[+~

Fig. (4) The HF of WTPD for different values of A,a

In Fig. (4)we note that the shape of the HF
of WTPD, it is the similar to the shape of pdf
function along increasing x and at different
values of A,a but with some differences.

3.2.3.TheReverse Hazard Function:
The reverse  hazard of
WTPD(x;0,1), is defined as

Hyrpp (x; a, 1) =

function

gwrpp(x;a,A)
Gwrpp (x;a,A4)

x% e~ (a—1) (20:—1)(1_)""2)' me)"“)

(8
P——————y

3.2.4. The Limit:
Proposition (1)
The limits of the pdf and its hazard func-
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tion of WTPD as x—Xx m and as — , re-

spectively, are equal.

Proof

o w= e -1 (1-2+2(2)")
(a—-1-2)

lim gwrpp (X, %, @, ) = lim
X=Xy X=X

_xptla—1)(2a—-1)(1+2)
- (Ra—-1-2)

The limit of weighted transmuted density

function of Pareto distribution when x—o0 is

x5 (@ -1 Ra—-1) (1 —A+24 (me)“)

Jim gurep (%, Xm, @, 4) = lim QRa-1-2)

x8-teo~ (@ - )(2a — 1) (1-2+22(22)")
= Qa—-1-2) -0

The limit of weighted transmuted haz-
ard rate function of Pareto distribution when

X—X_m is: a
(1-2+ za(j—: )

x]ﬁﬁ hy (x, X3, a0, 1) =

(1=4) 22 fean\®
m|ta—n T Za-D (ﬂ) ]
A+ )(a-1)2a—-1)
T xp(2a—1-2)

= x-lrl;},. Gwrpp (X, Xy, @, A)

The limit of hazard rate function of weight-

ed transmuted Pareto distribution when x—o0

(1-2+24(2)")

*® % + (202:1) (%n)a]

=0 = lim gyrpp(x, Xy, @, 1) B
X—00

1S:

lim g, (x, X, a,A) =
X—00

3.2.5. The mode:
Take the natural logarithm to two sides of
the pdf of the WTPD
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xr (@ - D2a—1) (1- 2+ 21("7’")“)
Ca—1-2

Ingwrpp(x) = In

Ing,(x) = (a — Dinx,, — alnx + In(a — 1) + In(2a — 1)

(24
+1n(1—/1+2/1(x7m) )—ln(Za—1—,1)

ding,,(x) -a 2adxEx~%1
ax  x )%
(1-2+22(%2)")
—a 2aAx&x~%1

Xmode = (fa;x;)_l/a ©)

3.3.Momentand Moment Generated
Function:

3.3.1. The Moments:

Proposition(2) If X has the WTPD(x;a,)A)
with |A| < 1,then the rth moment of X is

(a-1)Qa-D)(2a-1+D)(1+1)) .

™y —
E(xT) = a-1-1)(a-r-1)(2a-r—1) Xm(10)

For a>1%}“,a>r+1,a>121.
Qa-1)(a-1-1)

Especially, u = Ca—1-D(a-2) " m

2 (a-1) _, ((@-1)(2a-3(1+1)) _ (a-1)(a-1-2)*
T @a-1-2) Xm ( (a-3)(2a-3) (2a—1—/1)(a-z)2)(1 1)
Proof

i o rxgl—lx—a(a -1DQ2a-1) (1 —A+22 (me)“)
E(X)=me QRa-1-21) d

X

_(@-DQ@a-1D(2a-1+D(1+1))
T @-r-D@a-21-D@a-r-D ™

We note that

1424 1+r
E(X™) — coasx — oo and at as—, ora<(r+1),or a<— forreZ* .

Therefor E(X™) does not exist fora < 1;—1, ora<(r+1),or a< 12i forreZ*

,only.
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Now ifr=1,then the mean

-1 -1(2a-3(1+21
B — iyt = 22D _((@=D(2a =301 +1)
(Ra-1-2) (a=3)2a—-3)
#=E(X)=(a2—1)(12a;1)(2a2— 2(1 +2,1))Xm (ia_i)(aa_l /21) (2a—1)(a—1-2)* = o2
Qa-1-M(a-2)(2a~2) @Qa-1-H@-)™ " Ra-1-2A)(a-2)?

(a - 1D2a—-1)(2a—3(1+ 1)
Qa—-1-D(a-3)Q2a-3) i E(X —u)® =E(X3® —3X%u+3Xu® +1?)

o? = E(X?) - [EQO]?

E(X?) =

: (2a — Dx3, (@—-D(a—2(1+71))
__Qa-1) 2 ((a— D(Ea-31+2)) @a-D@-1 —/1)2) T QRa-1-D(a-2) (ax—4)
QRa-1-21) (a—3)(2a—-3) QRa-1-D(a—-2) (af—1)(2a—3(1+)l))(2a—1)(a—1—,1)
(a—3)2a—-3)2a—-1-2)
Ra-1%(a—-1-2)°
4 z
(Ra-1-D(a—-2))

Proposition (3)
If X has the WTPD(x;0,A) with |A|<1 , then

the rth central moment about the mean p is E(X — W* = E(X* — 4uX3+62X2— 43X + u*)
defined as
_ (a—Dxp [(@=1D(2a =501 +2))
T QRa-1-21) (a—5)(2a—15)
. er e pj @ DEa-D(2a-A+)A+) _ — D) — 1
E(X - p‘) - 21'=0 CJ' (_”) ! (20;1 12 A)za(_zj 1)1(2a 11 1})) ; (12) (0( 1)(20{ 1)(0! 2(1 +T))(a 1 l)

QRa—-1-N(a—4)(a—-2)2
. ((Za - Da-1- /1)) (a—1D(2a—3(1+21)
QRa—-1-NN(a-2) (a—-3)2a—3)
QRa-1)3@—-1-2)*
QCa—-1-2)3(a—- 2)4]

And the coefficients of variation, skewness,
kurtosis are as respectively

[[@a-1) ((a-1)(2a-3(1+2)) (zu—1>(a—1—a>2)
cV.= N @a-1-)\ (a-3)(2a-3) (a-1-2)(a-2)?

@a—D(a-1-2) (13)
(:Z = ;)(i—z) So that
1 [(@-1)(a-2a47) _ (@-1)(2a-3(1+D)2a-1)(a-1-2) , (2a-1)%(a-1-2)3 | CV:G/H
cs.= (a-2)| (a-9) (a=3)2a-3)2a-1-2) " Ga-1-n@-2)] (14)
' (e )ZI(u—l)(Za—s(uA)) a-n@-1-1?] /2
Ga-1-») | @2Ge-  Ga-1-D@-272) (2a-1) ((a—l) (2a—3(1+l)) (2a—1)(a-1_1)2)
waxi[wi(2a-5(142))  wiwa(a=2(14m)ws  _( waws )Zwl(za—3(1+l)) L wdwa)*] a-1-1) (a-3)(2a-3) (2a-1-21) (a_z)z
CK.= -3 [Te=sa—s * wien@2? \ws@-2) @nGa3 wyia-27 (15)

W2(W1(ZII 3(1+2)) wz(w‘;,)2 ] (Za_l)(a_l_ﬂ')
(@-3)@2a-3) ws(a-2)2 z) m (a-1-1)(a-2)
Where

wi=(@—-Dw,=Qa—-1D,wy;=Qa—-1-D,w,=(@a—1-2)

3
Proof ) s = EX —p)
© x&1x~%(a — 1)(2a — 1) [1 —2+21(%) ] - o3
EQC— 1) =Lm(x_”) AL dx
a—1)Qa— 1 [(a—1)(a—2(1+r)) _ (a—1)(2a-3(1+2))(2a—1)(a—1-2) (a-1)%(a-1-1)3
=S Qa z(1 P [(1 - DX f (x —p)"x"%dx _@a[ @ (@-3)@a-3)@a-1-2) Y a2y

( (2a-1) )2 [(@-1)(2a-3(1+4)) (211—1)(1—1—).)2]3/2

+ ZM’Z"a_lf (x—wr x‘z"‘dx] a-1-2/) | (@a-3)(2a-3) a-1-2)(a-2)2]
X;

Z . )” 1)(2a—1)(2a—(1+/1)(1+])) ;

— 4
—1-D@-j-D@a—j-1 ™ ok = EX =1
=0 :
Then Ist ,21’ld, 3rdcentral moments about wah [wi(2a-51+2) _ ) wawa(a=2(1+n)wy ( waws )Zwl(m—s(lm)_ wa)3(wa)*
_ws | @5y wa(a-8)(a-2)2 wy@-2)) “(@-3)@a-3) W) (@—2)"
the mean p are defined as s (a0 ) o
3\ (a-3)(2a-3) ws(a-2)2
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We suppose that:

wi=@-D,w,=Qa-1,wy3=Qa—-1-),w,=(@—-1-2)

3.3.2. Moment Generating Function:

Proposition (4)

If a X random variable is distributed
WTPD(x;a,A) with |A| < 1, then the moment
generating function of X is

t" (a-1)(2a- 1)(2a—-(1+2)(1+1)) r (16)
rl Qa-1-A)(a-r-1)Ra-r-1)

M, () = X707

Proof: Using the moment generating func-

tion, then

=)

M, (t) =

Xm

e gyrpp (x; @, 1) dx

dx

fm Lt @-DEa -1 (1-1+22 (x_m)a)
et* X

QRa—-1-2)
-

(tx)"

m

()"

wrep (6 a, A) dx

iDMs
=

3 tx — o
Since e =3},

(a - 1)Ca—

MO ="Ga—1=n 1—/1) 2

U X%y 1 ,1+z/1( )a)dx]

= (a(z_alz(fa 1)1)27"' [(1 /1)[ Q1= adx+2/1f 20-1,7- Z“dx]

_(@a—D@a-1) Xm
T QRa-1-2) Zr'[(l '1) 1+2’12a—r—1

t" (@ — 1D(2a—1)(2a - (1+/1)(1+r))
Zr' QRa-1-Na@-r—-1)QRa—-r— 1)

3.4. Order Statistic:

Proposition (5)

Let X,,...,X denote a random sample from
a WTPD distribution, then the pdf of the rth
order statistic is given by

fi.n(x) = #(!n_i)!gwwu(xi a, ) (Gwrpp (x; @, A))i_l[l = Gwrep(%; @, A)]n_i 0
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And the pdfs of the minimum, the maxi-
mum and the median respectively are defined
as follows

If i=1we have the pdf of the minimum
f.(0

e )a D(1-2+22(%)") (@~ D@2a—1)
= @a—1-2 [ Ge-1-1 *

20 @\t
(Za 1) ))]

If i=n we have the pdf of the maximum

e (A= D)
Sy ((a—l)

x "% (@ - 1)Q2a - 1) (1 —A+ad (XTM)“)
Qa-1-2) <1

n-1
(a-DQRa-1) . . _..(QA=2) 22 Xm\ &
T Ga—iom X 1((oz—1)+(2a—1)(7) ))

fn.n(x) =n

And if

dian

i=m+1we have the pdf of the me-

Frran (@) = W xE - De-1)(1-2+22(2)° )(

ml(n—m—1)! (2a-1-2)

(@-DRe—-1) ., .. [0=2
T Ga-1-n ™ * ((a—l)

2 @) (@-D@a-1 _, . [A-1
+ a5 () )) ( @a—1-p ™ * H[(a—l)

20 @\ -
t2a-D (T) D

4. Conclusions:

We
tion, weighted transmuted Pareto, which
is similar to pdf of WTPD with weight
28 for |4l < L@ > 0 and with slightly dif-
ference.

has found new lifetime distribu-

The limit of hazard rate function of weighted
transmuted Pareto distribution equal to the limit
of the pdf of WTPD as x—x_m and as x—o re-
spectively. It has single mode. And we can find
its variance using the central moments about the
origin, and about the mean directly. Also we can
find its the central moments about the origin us-

ing the moment generating function.
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Abstract

The main problem in laboratory re-molded gypseous soil is that, gypsum material
in soil do as bounded material between soil particles which increases soil strength.
But these bounding between soil particles would be broken when attempts to re-
compact soil and made it difficult to return to its origin state. As a results, the value
of cohesion and angle of internal friction would be changed for samples which
that re-compacted using the ordinary compaction method comparing with the field
values. In this study, compaction test was used with different blows number (15,
25, 30) for each layer. Different value of water content are used for each case to
record the effect of numbers of blows and water content on thecohesion and angle
of internal friction. Three different gypsum content samples (18.9%, 32.4%, 60%)
are used in this study which taken from three different locations in Tikrit city -
Salah-Aldeen Governorate, in the middle of Iraq. The results of laboratory tests for
re-molded gypseous soil show that increasing number of blows and water content
leads to increase cohesion and angle of internal friction. Also, the optimum blows
number per layer was (30) for the three percent of gypsum content. But the optimum
water content increased with increasing gypsum content to (7%, 12%, 15%) for
the three values of gypsum content (18.9%, 32.4%, 60%) respectively, to obtain
laboratory value of cohesion and angle of internal friction close to the field value.
So it could be notice that, changing gypsum content in soil had no effect on the
optimum number of blow for laboratory re-molded gypseous soil. But increasing

gypsum content leads to increase optimum water content.

Keywords
Gypseous Soil, Laboratory Re-Sampling, Number of Blows, Water Content
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1. Introduction

Gypseous soil is that soil which contains
enough gypsum(CaS0O4.2H20) which effect-
ed onengineering construction. I t is the worst
among the problematic soils as it contains sol-
uble salt and its chemical reactions. Gypseous
soil in Iraq covers (11 to 15) % of the area of
Iraq [1].

One of the most complicatedengineering
problems isthe presence of gypsum in the
soils due to its detrimental behavior, espe-
cially when accompanied by environmental
changes in temperature, water content and
presence of certain types of salts. Therefore,
some teqniques are needed to improve these
soils before constructing on it [2].

Many studies have been made to inves-
tigate the effect of gypsum content on the
physical and mechanical properties of gyp-
seous soils. These soils arecharacterized by
high void ratios and low dry densities. Ac-
cor dingly, upon wetting gypseous soil is re-
nowned for being highly compressible ma-
terial with low bearingcapacity and hence
considered among the poorest of foundation
material [3.4].

In the last decades many attempts have
been made to understand the behavior of these
soils. Most of these attempts were laborato-
ry and field investigations. Obtaining undis-
turbed samples of gypseous soils is in many
cases very difficult. This leds many research-
ers to prepare the gypseous soils in the labo-
ratory. The behavior of gypseous soils in the
laboratory is highly complicated and different

behaviors were noted. This caused a conflict
in understanding the phenomena related to the
gypseous soils [5].

Compaction is one of the methods are used
to improve the engineering properties of the
soil mass which occurs through increasing
strength, reducing compressibility, volume
change and permeability, and increasing the
stability of structures [6,7].

This study deals with the effect of number
of compaction blows (N) and water content
(w ¢) on the engineering properties of gepy-
seous soil that re-compacted in the laboratory
specially (c) and (@) for different values of
gypsum content.

2. Experimental Work:

2.1. Sampling:

Three types of natural gypsuous soils
taken from three different locations in Ti-
krit city - Salah-Aldeen Governorate, in
the middle of I[ragwhich used in this study .
Samples (S1), (S2) and (S3) with three dif-
ferent values of gypsum content (18.9%,
32.4%,
from depth of (1.5-2) m below the natural
ground surface. Two types of samples, dis-

60%) respectively, were taken

turbed and undisturbed packed and trans-
ported to the soil mechanics laboratory,
Civil Eng. Dept., College of Engineering,
Tikrit University. Samples prepared for the
testing program and tested according to the
American Society for Testing and Materi-
als Specifications (ASTM) [8] and British
Standards (BS) [9].
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2.2. Laboratory Testing Program:
2.2.1. Classification and Engineering Tests:

The grain size distribution for the three

soils (distributed sample) are shown in Fig.
(1). Also the physical and chemical properties
are shown in Tables (1) and (2).

Table (1): Physical properties of the soils

Property S1 S2 S3
Natural Water Content (wc)% 5.7 4.3 2.9
Specific Gravity 2.35 2.64 2.42
Liquid Limit (L.L) 28 24 N.L
Plastic Limit (P.L) N.P N.P N.P
Plasticity Index (P.I) N.P N.P N.P
Dry Unit Weight(y,) kN/m’ 13.8 14 14.8
Table (2): Chemical properties of the soils

Property S1 S2 S3

PH 8.9 7.4 8.1

Gypsum Content (Gyp.)% 18.9 32.4 60
Total Soulble Salt (T.S.S)% 32.7 38 67.4

The three soils were classified as poorly
graded sand (SP) according to the Unified Soil
Classification System (USCS). The angle of
internal friction (¢) and apparent cohesion (c)
for undisturbed sample taken from the field-
shown in Table (3) and for disturbed samples
shown in Tables (4), (5) and (6). Direct shear
test were conducted according to the ASTM
(D3080-72) [10], under normal pressures of
50, 100 and 200kPato determine the shear

strength parameters cohesion and angle of in-

ternal friction.

A calibrated proving ring at (2.5kN) capac-
ity and (2mm) precision dial gage, for verti-
cal deformation (0.01 mm) precision dial
gage was used while for horizontal deforma-
tion (0.01 mm) dial gage was used. The rate
of strain was (0.6 mm/min). The shear stress
and vertical displacement were plotted against
horizontal displacement for each test. From
which, the shear stress versus normal stress

was obtained and the strength parameters, the
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cohesion intercept (c) and the angle of internal

friction (¢) determined.

Table (3): Engineering properties of the soils

Property S1 S2 S3
Apparent Cohesion (c) kN/m2 29 39 54.1
Angle of Internal Friction (¢$2) 24.6 40 30.7

2.2.2. Re-mouded of Gypseous Soil:

The main problem in laboratory re-mold-
ed gypseous soil is a great difference in field
and laboratory values of both (c) and (¢). The
gypsum works as a binding agent between
soil particles. Therefore, it has a significant
effect on the cohesion and strength of gypse-
ous soil. In case of refraction this binding and
try to re-compaction soil in the laboratory, the
distribution of gypsum in soil would be dif-
fer and would not works as a binding agent to
soil particles which leading to a significant re-
duction in laboratory value of (¢) and (o). So,
it is important to study the possibility of re-
molded gypseous soil tofind how many blows
numbers per layer (N) and water content (w
c) values effected on (c) and (¢), reach to the
field values of (c) and (¢) and to facilitate the
formation models in laboratory studies and
scientific research to simulate the disposal
field gypseous soil. In this study, compaction
test for disturbing soil samples with number
of blows(N) (15, 25, 30) for each layer and
different values of water content (w c) are pre-
pared. Then re-molded soil ret urn to the value
of its field moisture by drying it with percent

of error not exceed (3%). Compaction test was
performed for each case in order to investigate
the effect different number of blows and water
content on the fundamental characteristics of

soil.

2.2.3 Compaction Test:

Compaction tests are carried out for the
gypseous soil to determine the moisture-unit
weight relationship. Samples are compacted
in three equal layers each hammered by (15,
25, 30) blows using (2.5) kg hammer dropped
from (30.5) mm height. These samples are
compacted in a mold of(101.6) mm in diam-
eter and (115.5)mm in height.

3. Results and Discussion:

3.1 Effect of Number of Blows:

The effect of number of blows (N) on engi-
neering properties of gypseous soil (c, @) was
investigated. Number of blows (15, 25, 30)
per layer for each value of water content (wc)
with three percent of gypsum content (18.9%,
32.4%, 60%) were studied and the results are
shown in Tables (4), (5) and (6).
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Table (4): Engineering properties for re-representation soil (gypsum content 18.9%)

Water Content (%) Number ofBlows (N) ¢ (kN/m2) ¢ (deg) vd (kN/m3)

7 15 16 20.3 13.1
7 25 21 22 13.4
7 30 27.4 26.2 13.5
10 15 19 26 13.8
10 25 24 27 14

10 30 33 35 14.6
12 15 20.4 29.2 12.9
12 25 28.6 30.1 13.2
12 30 354 39.6 14.0

Table (5): Engineering properties for re-representation soil (gypsum content 32.4%)

(%) Water Content | (Number of Blows (N (c (kN/m2 (b (deg (yd (kN/m3
10 15 21 27.2 111
10 25 27.2 32.5 12.2
10 30 341 36.86 13.0
12 15 26.3 32.8 13.4
12 25 33.5 37.62 13.85
12 30 40.3 41.8 14.3
15 15 32.52 37.04 12.12
15 25 38.7 42.27 13.3
15 30 44.69 43.97 14.0

Table (6): Engineering properties for re-representation soil (gypsum content 60%)

(%) Water Content | (Number of Blows (N (c (kN/m2 (b (deg (yd (kN/m3
12 15 32 14 11.7
12 25 40 15 12.4
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12 30 45 20 13.0
15 15 40 18 12.9
15 25 50 23 14.0
15 30 52.7 28.8 14.7
17 15 42 20.3 13.0
17 25 51 26.4 14.3
17 30 54 31.7 15.0

3.1.1. Effect of number of blows on
the cohesion of gypseous soil:

The results show that the cohesion of gyp-
seous soil (c) increased with increasing the
number of blows for each value of water con-
tent (wc) and gypsum content as shown in
Figs. (2), (3) and (4) due to increasing con-
vergence between soil particle with increasing
number of blows. Also there was a significant
increasing in cohesion (c¢) with increasing
water content (w ¢) by remaining numbers of
blows (N) constant due to increasing binding
agent between gypsum and soil particle when
it reaches to optimum moisture content which
was (7%, 12%, 15%) for the three percent
of gypsum content (18.9%, 32.4%, 60%) re-
spectively. But this increasing in cohesion (c)
would be disappear when excessiveincreasing
in water content (wc) occurs because soil par-
ticle would be diverging and sliding each oth-
er. Also gypsum would be dissolving which
led to decreasing binding agent between soil
particle and decreasing the cohesion of the
gypseous soil (¢).

3.1.2. Effect of number of blows
on the angle of internal friction of
gypseous soil:

The results show that the angle of internal
friction (@) of the gypseous soil increased with
increasing the number of blows for each value
of water content (wc) and gypsum content as
shown in Figs. (5), (6) and (7) due to increas-
ing convergence between soil particle with
increasing number of blows. Also there was
a significant increasing in value of (¢) with in-
creasing water content (wc) by remaining the
value of (N) constant due to increasing binding
agent between gypsum and soil particle when
it reaches to optimum moisture content which
was (7%, 12%, 15%) for the three percent of
gypsum content (18.9%, 32.4%, 60%) respec-
tively. But this increasing in angle of internal
friction (@) would be disappear when exces-
sive increasing in water content (Wc) occurs
because soil particle would be diverging and
sliding each other. Also amount of gypsum
would be dissolving which led to decreasing
binding agent between soil particle and de-

creasing the angle of internal friction ().
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3.2. Optimum number of blow
(n) and water content (wc) for re-
moldedgypseous soil:

As it clear from the previous figures which
describe relationship between number of
blows (N) for different value of water content
(wc) with each of cohesion (¢) and angle of
internal friction (¢) that, the optimum num-
ber of blows (N) for each layer was (30) for
different values of gypsum content. But the
optimum values of water content (w c¢) dif-
fered with each value of gypsum content. It
was (7%) when the gypsum content (18.9%),
(12%) when the gypsum content (32.4%) and
(15%) when the gypsum content (60%) due to
the convergence of laboratory values of (c, ¢)
with the field values. Hence, these values of
number of blows (N) which was (30) blows
and water content (w ¢) which was (7%, 12%,
15%) for the three percent of gypsum con-
tent (18.9%, 32.4%, 60%) respectively was
the best value for laboratory re-representation
gypseous soil. Also, the value of (y d) was
maintained to remain within the range of its
field value during re-representation gypsum
soil as shown in Figs. (8), (9) and (10) due to
the effect of (yd) on the engineering properties

of re-representation soil.

3.3. Effect of gypsum content on
optimum number of blows (n) and
water content (w ¢):

Figs. (11) and (12) show the effect of gyp-
sum content on each optimum number of

blows (N) and optimum water content (w c).

As it clear from these figures, the optimum
value of number of blows (N) was (30) for
the three percent of gypsum content. But opti-
mum percent of water content (w ¢) increases
with increasing gypsum content. From that, it
could bededuced that the number of blows is
working on reconnecting power ionic between
molecules gypsum, so the optimal number of
blows remains constant with different values
of gypsum content. While the value of the
moisture content optimal, increases with the
proportion of gypsum, because increasing the
proportion of gypsum need to more amount of
water to re-melt salts and configured to re-link
with soil particles.

4. Conclusion:

In re-molding gypseous soil, increasing
number of blow (N) leads to increase cohe-
sion of the soil (¢) and angle of internal fric-
tion (@) within optimum limits of number of
blow (N).

In re-molding gypseous soil, increasing
water content (wc) leads to increase cohesion
(c) and angle of internal friction () of the soil
within optimum limits of water content (wc).
In other words, when water content (wc) ex-
ceeds optimum percent, this would be lead to
collapse of infrastructure and melting associa-
tion gypsum between soil particle.

In re-molding gypseous soil, increasing
gypsum content had no effect on optimum
numbers of blows (N) which was (30) blow
per layer, but optimum water content increas-

es with increasing gypsum content.
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Abstract

Varicella-zoster virus (VZV), a neurotropic herpesvirus, is the causative agent
of both varicella (chickenpox) and zoster (shingles). Like another herpes viruses,
the VZV can cause both acute illness and latency lifelong. In other hand, the
VZV common during childhood, especially in temperate climates. Moreover,
Varicella is usually a benign and self-limiting illness. But may be more severe
in adults, and in patients suffering from immunedeficiency. Because of the huge
information available concerning inhibitors of this virus the current study spots
light on them bypredicting the best peptides that can be a candidate to offer to wet
laboratory experiments sufficient data about their ability to treat VZV. To acheve
this aim several antimicrobial peptides and antiviral peptides used to predict
their theoretical actions against three targets of VZV, Thymidine kinase (PDBID:
10SN), Envelope glycoprotein H (PDBID: 4XHJ), Protease (PDBID: 1VZV)
using Bioinformatics approach. And the binding potential of these peptides with
the VZV drug targets was predicted using online program Hex 8.0.0., and some
physical and chemical properites of peptides were predicted by specific programs,
including T cell epitope Class I immunogenicity software, ToxinPred software,
CellPPD software, isoelectric points (PI) and molecular weight, Boman index
values software, and anti-cp software. The analysis of these data resulted with
that from 64 antimicrobial peptide only 11 peptides have been found have favored
binding affinities with VZV targets and good physical and chemical properties,
these peptides were Polyphemusin 2, K4S4(1-16) a, F, AVP1092, MSI-78, A,
Fv16, GLK-19, Magainin 1, Dahlen 5.6.

Keywords

Varicella, zoster, peptides.
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1. Introduction

Varicella zoster virus (VZV) is an ex-
clusively human virus that belongs to the
a-herpes virus family. The VZV present
worldwide and is highly infectious. Moreover,
the primary infection leads to acute varicella
or ‘“chickenpox”, usually from exposure ei-
ther through direct contact with a skin lesion
or through airborne spread from respiratory
droplets [1, 2]. In addition, more than 90% of
adults in the United States acquired the dis-
ease in childhood, while the majority of chil-
dren and young adults have been vaccinated
with the live virus vaccine [3]. The increasing
incidence of VZV in patient aged 15 years or
has resulted in an increase in severe forms and
in mortality, also cases of resistance to classi-
cal antiviral treatment. Unusual forms of vari-
cella and zoster are occasionally encountered
even in non-immune compromised patients.
Infections of VZV are a matter of concern in

high-risk groups includes immune compro-

mised children and adults [4].

The aim of this current study is to predict
the best antimicrobial peptides (AMP) that
can be a candidate to offer these peptides

to the laboratory experiments, to show their
ability to inhibit VZV. Consequently, this aim
was done by picking about 64 short peptides
by gathering these sequences from the web
server, and entered them in specific computer
programs to know their strength for binding
to receptors of VZV by molecular docking,
in addition calculating the probability of cell
penetrating, physicochemical properties and
other parameters.

Materials and Methods

2. Materials

2.1. Short Peptides

Sixty-four short peptides sequences used
to predict their anti-VZV attachment and to
study their physical and chemical properties.
These peptides listed below in Table 1.

Table (1): Short peptides used in current study with their sequences

No Peptide Sequence Reference
9 Brevinin-1BYa FLPILASLAAKFGPKLFCLVTKKC [10]
10 Brevinin-1BYb FLPILASLAAKLGPKLFCLVTKKC [10]
11 Brevinin-1BYc¢ FLPILASLAATLGPKLLCLITKKC [10]
1 A VVKKARKAAKKVAKK [5]
2 Alloferon 1 HGVSGHGQHGVHG [6]
3 Alloferon 2 GVSGHGQHGVHG [6]
4 Androctonin RSVCRQIKICRRRGGCYYKCTNRPY [7]
13 C TGKIGKLKKGTGKIA [71]
16 D AIRRLARRGGVKRISGLI [71]
22 FV16 KKVGTSKVVAKTVTKK [71]
54 F KATKATITKKPVA [71]
37 polyphemusin IT RRWCFRVCYKGFCYRKCR [73]
38 Protegrin PG-1 RGGRLCYCRRRFCVCVGR [73]
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43 Tachyplesin [ KWCFRVCYRGICYRRCR [73]
48 Citropin 1.1 GLFDVIKKVASVIGGL [74]
14 CP11 ILKKWPWWPWRRK [11]
15 Cpl0A ILAWKWAWWAWRR [11]
26 Indolicidin ILPWKWPWWPWRR [11]
17 DET1 GWVKPAKLDG [12]
18 DET2 PWLKPGDLDL [12]
19 DET3 IGVRPGKLDL [12]
20 DET4 AGVKDGKLDF [12]
21 Dahlein 5.6 GLLASLGKVFGGYLAEKLKPK [13]
32 Maculatin 1.1 GLFGVLAKVAAHVVPAIAEHF [13]
40 Ranatuerin-6 FISATASMLGKFL [13]
44 Uperin 3.6 GVIDAAKKWNVLKNLF [13]
45 Caerin 1.1 GLLSVLGSVAKHVLPHVVPVIAEHL [13]
46 Caerin 1.9 GLFGVLGSIAKHVLPHVVPVIAEKL [13]
47 Caerin 4.1 GLWQKIKSAAGDLASGIVEGIKS [13]
5 Aurein 1.2 GLFDIIKKIAESF [8]

23 HNP-1AC18 IAGERRYGTIYQGRLWAF [14]
24 HNP-1ACI18A IAAERRYATIYQARLWAF [14]
25 HNP-1AC AYRIPAIAGERRYGTIYQGRLWAF [14]
27 K4S4 (1-16)a ALWKTLLKKVLKAA [15]
41 S4 (6-28) TLLKKVLKAAAKAALNAVLVG [15]
28 LfcinB FKCRRWQWRMKKLGAPSITCVRRAF [16]
49 AVP 1093 RRKKALLALLAP [16]
50 AVP 1074 RRKKAAVALLPAVLLA [16]
51 AVP 1092 RRKKPAVLLALLAP [16]
52 AVP 1072 RRKKAAVALLPAVLLALL [16]
53 AVP 1070 RRKKAAVALLPAVLLALLLAP [16]
29 Limandapleu-rocidin(LmPle) GWKKWFKKATHVGKHVGKAALDAYL [17]
30 MRP AIGSILGALAKGLPTLISWIKNR [18]
31 MSI-78 GIGKFLKKAKKFGKAFVKILKK [19]
33 Magainin | GIGKFLHSAGKFGKAFVGEIMKS [20]
34 Magainin 11 GIGKFLHSAKKFGKAFVGEIMNS [20]
35 P1 WLVFFVIFYFFR [21]
36 P2 WLVFFVIFYIFR [21]
39 RTD1 GFCRCLCRRGVCRCICTR [21]
42 TAT-C GRKKRRQRRRC [22]
55 STAT 1 CTAGACTTCAGACCACACAAC [23]
56 STAT 2 GAGGAGAAGCAATGGGTCTTAG [23]
57 GAPdH CACATGGCCTCCAAGGAGTAA [23]
58 Mx 1 AAGCCTGATCTGGTGGACAAAGGA [23]
B VPKFKAGKILKQKVEKG [9]

BR-C CKLKNFAKGVAQSLLNKASKLSGQC 9]

BR-D KLKNFAKGVAQSLLNKASCKLSGQC 9]
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12 Brevinin-2R KLKNFAKGVAQSLLNKASCKLSGQC [9]

59 GLK-19 GLKKLLGKLLKKLGKLLLK [24]
60 GLR-19 GLRRLLGRLLRRLGRLLLR [24]
61 GLRC-1 GCRRLLGRLLRRLGRLLCR [24]
62 GLRC-2 GLRCRLGRLLRR LGRCLLR [24]
63 GLRC-3 GLRRLCGRLGRRLCRLLLR [24]
64 GLRC-4 GCRRLCGRLGRRLCRLLCR [24]

2.2. Varicella Zoster Virus Targets docking experiment as drug targets, these
Three VZV molecules were taken from molecules listed in Table 2:
protein databank website (http:/www.rcsb. Table (2): Viral molecules target with their
org/pdb/home/home.do) used in molecular three-dimensional structure

No. Structure E
Viral molecules
Envelope glycoprotein H
target (PDBID: 4XHIJ) [25]
1
Thymidine kinase target
(PDBID: 10SN)
2 [26]
Protease target
(PDBID: 1VZV)
3 [27]
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2.3. Methods

Several programs have been used to assess

theoretical attachment of used short peptides
against Varicella Zoster Virus, in addition to
their physical and chemical properties. These
programs are:

*  Hex 8.0.0: Molecular docking of recep-
tors and ligands, was done using this
program [28].

* Pymol and Chimera software were
used for results visualization [29].

» Pepstr server: Pepstr server predicts the
tertiary structure of short peptides [30].

» T cell epitope: by which immunogenic-
ity was predicted using T cell epitope
(http://tools.immuneepitope.org/immu-
nogenicity/)[31].

» ToxinPred: used for the estimation of
peptides toxicity and chemical-physical

(http://crdd.osdd.net/ragha-
va/toxinpred/design.php) [32].

properties

* CellPPD: was used to predict cell pen-
etrating probability of peptides, it also
predicts  hydropathicity, isoelectric

point (PI) and molecular weight. On the

other hand, the hydrophobicity and hy-
drophilicity were directly related to the
hydropathy index as reported by Kyte
and Doolittle [33], CellPPD available at

(http://crdd.osdd.net/raghava/cellppd/

index.html)[34].

* The Boman index values test was per-
formed; this test shows the ability of
the peptide to bind with other proteins
rather than the targets of protein it can
be calculated according to the online
Antimicrobial Peptide Database (http://
aps.unmc.edu/AP/main.php) [35].

3. Results

Molecular docking for several peptides that
set as AMP, these AMP collected from par-
ticular researches then investigated according
to specific VZV targets including Thymidine
kinase (PDBID: 10SI), envelope glycopro-
tein H (PDPID: 4XHJ) and protease (PDBID:
1VZV) by a specific program Hex.

3.1. Molecular docking of selected peptides
with Envelope glycoprotein H target (PDPID:
4XH]J)

Envelope glycoprotein H docked
with AMP as shown in Table 3 the delta G
values, or energy values (E-value) arranged
from the lowest energy value to highest. From
64 peptides only 22 peptides are selected to
be the lowest energy value, from the lowest
one (MSI-78) its’E-value (-791.49 Kcal/mol)
to the highest selected one (brevinin-1BYa)
its’E-value (-507.62 Kcal/mol).
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Table (3): Energy value of selected peptides attached with envelope glycoprotein H target (PDBID: 4XHJ)

No Molecule Name Sequence E_Val(l:;o(lK 1Y
1 MSI-78 GIGKFLKKAKKFGKAFVKILKK -791.49
2 A VVKKARKAAKKVAKK -725.94
3 Androctonin RSVCRQIKICRRRGGCYYKCTNRPY -715.35
4 TAT-C GRKKRRQRRRC -653.67
5 GLRC-2 GLRCRLGRLLRR LGRCLLR -648.08
6 Polyphemusin 2 RRWCFRVCYKGFCYRKCR -597.55
7 K4S4(1-16)a ALWKTLLKKVLKAA -596.65
8 GLRC-1 GCRRLLGRLLRRLGRLLCR -596.03
9 Lfcin B FKCRRWQWRMKKLGAPSITCVRRAF -594.88
10 GLRC-3 GLRRLCGRLGRRLCRLLLR -592.09
11 GLK-19 GLKKLLGKLLKKLGKLLLK -589.28
12 GLRC-4 GCRRLCGRLGRRLCRLLCR -583.16
13 Fv16 KKVGTSKVVAKTVTKK -582.14
14 é;?}gﬁi‘iprfl‘jfe GWKKWFKKATHVGKHVGKAALDAYL -581.17
15 BR-C CKLKNFAKGVAQSLLNKASKLSGQC -549.89
16 D AIRRLARRGGVKRISGLI -545.19
17 B VPKFKAGKILKQKVEKG -543.06
18 GLR-19 GLRRLLGRLLRRLGRLLLR -541.15
19 S4a TLLKKVLKAAAKAALNAVLVG -539.54
20 Tachyplesin 1 KWCFRVCYRGICYRRCR -520.54
21 Brevinin-1BYb FLPILASLAAKLGPKLFCLVTKKC -513.22
22 Brevinin-1BYa FLPILASLAAKFGPKLFCLVTKKC -507.62
23 Brevinin-2R KLKNFAKGVAQSLLNKASCKLSGQC -495.28
24 C TGKIGKLKKGTGKIA -493.16
25 AVP 1070 RRKKAAVALLPAVLLALLLAP -489.79
26 MRP AIGSILGALAKGLPTLISWIKNR -487.93
27 RTD 1 GFCRCLCRRGVCRCICTR -482.88
28 Brevinin-1BYc FLPILASLAATLGPKLLCLITKKC -470.52
29 Protegrin PG-1 RGGRLCYCRRRFCVCVGR -470.41
30 AVP 1072 RRKKAAVALLPAVLLALL -457.49
31 CPI11 ILKKWPWWPWRRK -456.91
32 Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS -454.95
33 AVP 1093 RRKKALLALLAP -451.36
34 Caerin 4.1 GLWQKIKSAAGDLASGIVEGIKS -441.03
35 Vperin 3.6 GVIDAAKKWNVLKNLF -433.25
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36 Dahlein5.6 GLLASLGKVFGGYLAEKLKPK -429.57
37 AVP 1092 RRKKPAVLLALLAP -419.46
38 AVP 1074 RRKKAAVALLPAVLLA -417.46
39 F KATKATITKKPVA -412.62
40 Magainin 1 GIGKFLHSAGKFGKAFVGEIMKS -410.62
41 HNP-1C AYRIPATAGERRYGTIYQGRLWAF -396.29
42 HNP-1C-18A IAAERRYATTYQARLWAF -386.45
43 CP10A ILAWKWAWWAWRR -368.96
44 Indolicidin ILPWKWPWWPWRR -358.66
45 Ranatuerin 6 FISAIASMLGKFL -354.21
46 HNP-1C-18 IAGERRYGTIYQGRLWAF -353.17
47 Aurein 1 GLFDIIKKIAESF -351.63
48 Caerin 1.1 GLLSVLGSVAKHVLPHVVPVIAEHL -344.07
49 Caerin 1.9 GLFGVLGSIAKHVLPHVVPVIAEKL -341.62
50 Maculatin 1-1 GLFGVLAKVAAHVVPAIAEHF -332.89
51 Citropin 1.1 GLFDVIKKVASVIGGL -323.20
52 DET3 IGVRPGKLDL -320.28
53 DET1 GWVKPAKLDG -310.85
54 DET4 AGVKDGKLDF -307.41
55 STAT 1 CTAGACTTCAGACCACACAAC -302.93
56 Mx 1 AAGCCTGATCTGGTGGACAAAGGA -298.40
57 BR-D KLKNFAKGVAQSLLNKASCKLSGQC -296.92
58 P1 WLVFFVIFYFFR -285.42
59 P2 WLVFFVIFYIFR -280.77
60 GAPdH CACATGGCCTCCAAGGAGTAA -274.34
61 Alloferon 2 GVSGHGQHGVHG -273.30
62 STAT 2 GAGGAGAAGCAATGGGTCTTAG -265.15
63 DET2 PWLKPGDLDL -221.29
64 Alloferon 1 HGVSGHGQHGVHG -214.73
Indicated to the lowest selected energy value of peptide

Then these 22 AMP treated with oth-
er online programs to predict its character-
istic, including cell penetration, PI, Boman
index, hydropathicity, and molecular weight
as shown in Table 4. The cell penetration test
shows good penetration probability for some
selected peptides, so from 22 peptides about
16 peptides could penetrate into the cell (The

cell penetrated one, has a positivE-value of
the SVM score (Yellowish color). In addition,
this Table shows hydropathicity values, the
peptide that has more hydpathicity value than
lor less than -1, it will be neglected, and so
from 16 peptides 13 peptides pass the hydro-
pathicity test.
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Table (4): Predicted cell penetration, isoelectric point, Boman index, hydropathicity and molecular

weight values for the selected AMP with envelope glycoprotein H target.

= ' = L= =

2 ssS|_5 &5 g L 279 =

s 2 e 225|288 - |=83| g3E | Z £

Z 2= — %‘ > s —_— [~ S E ?}': = = =]

Sz SET|2S8FE Ez=| £58 | = &

2 SEFINEEE 32 22 | = £

1 MSI-78 CPP 0.46 10.91 0.49 -0.16 2478.54

2 A CPP 0.51 11.48 2.29 -0.80 1653.34

3 Androctonin E‘llr; -0.12 1023 | 3.93 -1.06 | 3081.01

4 TAT-C CPP 1.52 12.31 9.44 -3.29 1499.95

5 GLRC-2 CPP 0.47 12.13 3.4 -0.06 2281.17

6 K4S4(1-16)a CPP 0.41 10.49 -0.47 0.54 1583.25

7 GLRC-1 CPP 0.35 12.13 34 -0.06 2281.17

8 Lfcin B CPP 0.18 11.85 2.75 -0.58 3126.17

9 GLRC-3 CPP 0.32 12.13 34 -0.06 2281.17

10 GLK-19 CPP 0.41 10.78 -0.43 0.30 2105.16

11 GLRC-4 CPP 0.23 11.61 3.78 -0.19 2261.11

12 Fvl6 CPP 0.02 10.71 1.59 -0.51 1702.35

13 Limandapleurocidin(LmPle) %%rfl,_ -0.18 10.13 0.73 -0.49 2840.75

14 Polyphemusin 2 CPP 0.27 10.11 3.75 -0.80 2431.19
Non-

15 BR-C CPP -0.24 9.91 1.02 -0.16 2637.53
Non-

16 D CPP -0.18 12.61 2.69 0.03 1992.72
Non-

17 B CPP -0.18 10.31 1.23 -0.68 1898.63

18 GLR-19 CPP 0.47 12.78 3.01 0.08 2301.23
Non-

19 Sda CPP -0.31 10.49 -0.81 1.06 2092.96

20 Tachyplesin 1 CPP 0.05 9.94 3.53 -0.52 2268.99

21 Brevinin-1BYb CPP 0.02 9.72 -1.04 1.12 2575.66

22 Brevinin-1BYa CPP 0.02 9.72 -0.96 1.08 2609.67

Indicated to the peptide that could perpetrated to cell.
Indicated to peptide excepted value for hydropathicity.
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Furthermore, Table 5 shows the prediction peptides predicted to be non-toxic by toxicity

of immunogenicity by class I immunogenicity prediction test. So these 6 peptides predicted
test. From these 13 peptides only 6 peptides to be effective against VZV.
pass the immunogenicity test, and all these 6

Table (5): Predicted immunogenicity and toxicity of selected antimicrobial peptides with the envelope

glycoprotein H target.
.No Molecule Name R0 Cla;siclitl;nmunoge- Toxicity Prediction | SVM score of toxicity

1 MSI-78 -0.99548 Non-Toxin -0.86
2 A -0.80642 Non-Toxin -0.65
3 GLRC-2 0.17076 Non-Toxin -1.25
4 K4S4(1-16)a -0.67828 Non-Toxin -1.48
5 GLRC-1 0.23118 Non-Toxin -1.35
6 Lfcin B 0.02174 Non-Toxin -0.92
7 GLRC-3 0.1728 Non-Toxin -1.35
8 GLK-19 -1.14128 Non-Toxin -1.14
9 GLRC-4 0.14778 Non-Toxin -1.41
10 Fvl6 -0.39388 Non-Toxin -1.31
11 Polyphemusin 2 -0.11773 Non-Toxin -0.19
12 GLR-19 0.2562 Non-Toxin -1.14
13 Tachyplesin 1 0.3526 Non-Toxin -1.15

Indicated to non-immunogenic peptide.

Indicated to non-toxic peptide.

Then the selected 6 peptides sorted accord- shown in Table 6. Furthermore the selected 6
ing to the lowest energy value to the highest peptide were sorted according to Boman in-

one with the other properties of peptide as dex value and the molecular.
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Table (6): Peptides with the lowest E-values of an envelope glycoprotein H target (PDBID: 4XHJ),
and their prediction of cell penetration, immunogenicity, toxicity, isoelectric point, Bomam index, hy-

dropathicity and molecular weight. Sorted according E-values.

1 . >
—~ @ 2 = = =
F— S =] = < 8 ~
g E | % .| & £ E s |2 g
< = g ;.5 =) =] = ﬁ % = = S
z s g £ = g T - £ 2|5 s
e @ = = .2 = = = ° - -~ E| 2= a
4 = ~ =33 = g ,‘§> = @ =% s = = S =g
5 > S .2 2% £ o = s T |%E S
2 = 57 5 = = S E 2| =2 z
= = 2 E =y o < @ Cg < = =
= 7 = > Z X S < =
= 2 2 = = > p
1 MSI-78 -791.49 CPP 0.46 -0.99548 | Non-Toxin | -0.86 | 10.91 0.49 -0.16 | 2478.54
2 A -725.94 CPP 0.51 -0.80642 | Non-Toxin | -0.65 | 11.48 2.29 -0.80 | 1653.34
3 | Polyphemusin 2 -597.55 CPP 0.27 -0.11773 | Non-Toxin | -0.19 | 10.11 3.75 -0.80 | 2431.19
4 K4S4(1-16)a -596.65 CPP 0.41 -0.67828 | Non-Toxin | -1.48 | 10.49 -0.47 0.54 | 1583.25
5 GLK-19 -589.28 CPP 0.41 -1.14128 | Non-Toxin | -1.14 | 10.78 -0.43 0.30 | 2105.16
6 Fvlé -582.14 CPP 0.02 -0.39388 | Non-Toxin | -1.31 | 10.71 1.59 -0.51 | 1702.35
Indicated to energy value from lowest to highest values.

Finally, Table 7 shows the three-dimen- envelope glycoprotein H; and docking were
sional structures of these 6 selected peptides done using Hex 8.0.0 software.

with their binding site to their proposed target;

Table (7): The three-dimensional structures of selected antimicrobial peptides with their binding site on
their proposed envelope glycoprotein H target (PBBID: 4XHJ), docking was done using Hex 8.0.0 software.

Envelope glycoprotein H (4XHJ) - peptides

Focus docking
complex

.NO Molecule Name

MSI-78
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Polyphemusin 2
3 7‘\:533\'

K4S4(1-16)a

Y~

GLK-19

Fvl6
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3.2 Molecular docking of selected in ascending order. From 64 peptides only 27

antimicrobial peptides with thymidine peptides were selected to be the lowest energy
kinase target (PDBID: 10SN) value, from the lowest one MSI-78 its’ E-val-

Thymidine kinase target docked with pep-
tides as shown in Table 8 the E-value arranged

ue -1027.32 Kcal/mol to the highest selected
one AVP 1072 it is E-value -800.62 Kcal/mol.

Table (8): Energy value of selected antimicrobial peptides attached with thymidine kinase target

(PDBID: 10SN)

No Molecule Name Sequence E-value (Kcal/mol)
1 MSI-78 GIGKFLKKAKKFGKAFVKILKK -1027.32
2 A VVKKARKAAKKVAKK -967.51
3 GLRC-3 GLRRLCGRLGRRLCRLLLR -905.46
4 GLRC-2 GLRCRLGRLLRR LGRCLLR -902.08
5 Androctonin RSVCRQIKICRRRGGCYYKCTNRPY -886.84
6 GLK-19 GLKKLLGKLLKKLGKLLLK -883.56
7 Fvl6 KKVGTSKVVAKTVTKK -882.43
8 Polyphemusin 2 RRWCFRVCYKGFCYRKCR -876.07
9 GLRC-1 GCRRLLGRLLRRLGRLLCR -869.31
10 AVP 1092 RRKKPAVLLALLAP -860.48
11 Lfcin B FKCRRWQWRMKKLGAPSITCVRRAF -858.07
12 TAT-C GRKKRRQRRRC -855.35
13 AVP 1074 RRKKAAVALLPAVLLA -848.62
14 BR-D KLKNFAKGVAQSLLNKASCKLSGQC -841.01
15 Brevinin-2R KLKNFAKGVAQSLLNKASCKLSGQC -841.01
16 Magainin 1 GIGKFLHSAGKFGKAFVGEIMKS -840.59
17 F KATKATITKKPVA -837.74
18 Protegrin PG-1 RGGRLCYCRRRFCVCVGR -832.00
19 K4S4(1-16)a ALWKTLLKKVLKAA -827.8
20 (fggg?f&péfgl'e GWKKWFKKATHVGKHVGKAALDAYL -822.71
21 AVP 1070 RRKKAAVALLPAVLLALLLAP -815.91
22 C TGKIGKLKKGTGKIA -812.93
23 CP10A ILAWKWAWWAWRR -812.93
24 GLR-19 GLRRLLGRLLRRLGRLLLR -812.27
25 Tachyplesin 1 KWCFRVCYRGICYRRCR -809.53
26 Dahlein5.6 GLLASLGKVFGGYLAEKLKPK -803.68
27 AVP 1072 RRKKAAVALLPAVLLALL -800.62
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28 D AIRRLARRGGVKRISGLI -798.49
29 S4a TLLKKVLKAAAKAALNAVLVG -795.68
30 CP11 ILKKWPWWPWRRK -763.61
31 AVP 1093 RRKKALLALLAP -747.25
32 Brevinin-1BYb FLPILASLAAKLGPKLFCLVTKKC -747.08
33 Caerin 1.9 GLFGVLGSIAKHVLPHVVPVIAEKL -746.54
34 Brevinin-1BYc FLPILASLAATLGPKLLCLITKKC -741.05
35 Brevinin-1BYa FLPILASLAAKFGPKLFCLVTKKC -735.59
36 B VPKFKAGKILKQKVEKG -733.19
37 HNP-1C AYRIPAIAGERRYGTIYQGRLWAF -732.21
38 MRP AIGSILGALAKGLPTLISWIKNR -703.66
39 Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS -699.17
40 HNP-1C-18A IAAERRYATIYQARLWAF -698.07
41 RTD 1 GFCRCLCRRGVCRCICTR -697.41
42 HNP-1C-18 IAGERRYGTIYQGRLWAF -664.99
43 Citropin 1.1 GLFDVIKKVASVIGGL -664.75
44 Ranatuerin 6 FISAIASMLGKFL -659.47
45 Vperin 3.6 GVIDAAKKWNVLKNLF -656.30
46 Maculatin 1-1 GLFGVLAKVAAHVVPAIAEHF -649.71
47 Caerin 4.1 GLWQKIKSAAGDLASGIVEGIKS -639.73
48 Indolicidin ILPWKWPWWPWRR -618.09
49 Caerin 1.1 GLLSVLGSVAKHVLPHVVPVIAEHL -601.06
50 Aurein 1 GLFDIIKKIAESF -561.93
51 GAPdH CACATGGCCTCCAAGGAGTAA -543.67
52 DET4 AGVKDGKLDF -523.02
53 STAT 1 CTAGACTTCAGACCACACAAC -521.32
54 P1 WLVFFVIFYFFR -511.13
55 STAT 2 GAGGAGAAGCAATGGGTCTTAG -502.79
56 DET2 PWLKPGDLDL -493.49
57 DET3 IGVRPGKLDL -491.53
58 DETI1 GWVKPAKLDG -484.01
59 Alloferon 1 HGVSGHGQHGVHG -471.02
60 Alloferon 2 GVSGHGQHGVHG -467.14
61 GLRC-4 GCRRLCGRLGRRLCRLLCR -424.64
62 BR-C CKLKNFAKGVAQSLLNKASKLSGQC -353.71
63 Mx 1 AAGCCTGATCTGGTGGACAAAGGA -226.49
64 P2 WLVFFVIFYIFR 543.98
Indicated to the lowest selected energy value of peptide
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Table (9): Predicted cell penetration, isoelectric point, Boman index, hydropathicity and molecular
weight values for the selected peptides attached well with thymidine kinase target (PDBID: 10SN).

) = 2 >

2 > £ Z g ES £& = 8

S = = > 2 5 N S<

= &) % =
1 MSI-78 CPP 0.46 10.91 0.49 -0.16 2478.54
2 A CPP 0.51 11.48 2.29 -0.80 1653.34
3 GLRC-3 CPP 0.32 12.13 34 -0.06 2281.17
4 GLRC-2 CPP 0.47 12.13 3.4 -0.06 2281.17
5 Androctonin Non-CPP -0.12 10.23 3.93 -1.06 3081.01
6 GLK-19 CPP 0.41 10.78 -0.43 0.30 2105.16
7 Fvlo CPP 0.02 10.71 1.59 -0.51 1702.35
8 Polyphemusin 2 CPP 0.27 10.11 3.75 -0.80 2431.19
9 GLRC-1 CPP 0.35 12.13 34 -0.06 2281.17
10 AVP 1092 CPP 0.48 12.02 0.84 0.34 1546.18
11 Lfcin B CPP 0.18 11.85 2.75 -0.58 3126.17
12 TAT-C CPP 1.52 12.31 9.44 -3.29 1499.95
13 AVP 1074 CPP 0.03 12.02 0.25 0.89 1690.38
14 BR-D Non-CPP -0.14 9.91 1.02 -0.16 2637.53
15 Brevinin-2R Non-CPP -0.14 9.91 1.02 -0.16 2637.53
16 Magainin 1 CPP 0.25 10.01 0.08 0.22 2410.23
17 F CPP 0.41 10.49 1.19 -0.40 1356.85
18 Protegrin PG-1 CPP 0.39 10.67 3.65 -0.25 2160.87
19 K4S4(1-16)a CPP 0.41 10.49 0.54 1583.25
20 r%i?é?ﬁ?ﬁﬂ;‘é) Non-CPP 0.18 10.13 0.73 -0.49 2840.75
21 AVP 1070 CPP 0.09 12.02 -0.59 1.23 2198.14
22 C Non-CPP -0.18 10.61 0.83 -0.53 1500.10
23 CP10A CPP 0.19 12.01 0.65 -0.28 1829.37
24 GLR-19 CPP 0.47 12.78 3.01 0.08 2301.23
25 Tachyplesin 1 CPP 0.05 9.94 3.53 -0.52 2268.99
26 Dahlein5.6 CPP 0.05 9.84 -0.3 0.25 2190.00
27 AVP 1072 Non-CPP -0.20 12.02 -0.31 1.21 1916.74

Indicated to the peptide that could perpetrated to cell
Indicated to peptide excepted value for hydropathicity
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After that, Table 10, shows the prediction of these 11 peptides predicted to be non-toxic by
immunogenicity by class I immunogenicity toxicity prediction test. So these 11 peptides
test. From these 19 peptides; only 11 peptides predicted to be effective against VZV.

were pass the immunogenicity test, and all

Table (10): Predicted immunogenicity and toxicity of selected peptides attached well to thymidine
kinase target (PDBID: 10SN).

o Molecule Name Scorengéiisiclitlymmu- Toxicity Prediction SVlt\(/fxsiz(i)tl; 0
1 MSI-78 -0.99548 Non-Toxin -0.86
2 A -0.80642 Non-Toxin -0.65
3 GLRC-3 0.1728 Non-Toxin -1.35
4 GLRC-2 0.17076 Non-Toxin -1.25
5 GLK-19 -1.14128 Non-Toxin -1.14
6 Fvl6 -0.39388 Non-Toxin -1.31
7 Polyphemusin 2 -0.11773 Non-Toxin -0.19
] GLRC-1 0.23118 Non-Toxin -1.35
9 AVP 1092 -0.19994 Non-Toxin -1.45
10 Lfcin B 0.02174 Non-Toxin -0.92
11 AVP 1074 -0.10378 Non-Toxin -1.62
12 Magainin 1 -0.26042 Non-Toxin -1.03
13 F -0.35934 Non-Toxin -1.28
14 Protegrin PG-1 0.20047 Non-Toxin -0.48
15 K4S4(1-16)a -0.67828 Non-Toxin -1.48
16 CP10A 0.9648 Non-Toxin -0.82
17 GLR-19 0.2562 Non-Toxin -1.14
18 Tachyplesin 1 0.3526 Non-Toxin -1.15
19 Dahlein5.6 -0.38065 Non-Toxin -1.39

[ Indicated to non-immunogenic peptide
Indicated to non-toxic peptide

Then the selected 11 peptides sorted ac- shown in Table 11. Furthermore the selected
cording to the lowest energy value to the high- 11 peptides sorted according to Boman index
est one with the other properties of peptide as value and according to the molecular weight.
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Table (11): Peptides with the lowest E-values of binding to thymidine kinase target (PD-
BID: 10SN), and their prediction of cell penetration, immunogenicity, toxicity, isoelectric
point, Bomam index, hydropathicity and molecular weight. Sorted according E-values.
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o ) 1 7] VO S > E 1S o— 1<) S =
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S o & |27 sE Z Z E | ¥ s
= 2 = 2
1 MSI-78 | -1027.32 | CPP | 0.46 | -0.99548 | Non-Toxin | -0.86 | 10.91 | 0.49 | -0.16 | 2478.54
2 A -967.51 | CPP | 0.51 | -0.80642 | Non-Toxin | -0.65 | 11.48 | 2.29 | -0.80 | 1653.34
3 GLK-19 | -883.56 | CPP | 0.41 | -1.14128 | Non-Toxin | -1.14 | 10.78 | -0.43 | 0.30 | 2105.16
4 Fvl6 -882.43 | CPP | 0.02 | -0.39388 | Non-Toxin | -1.31 | 10.71 | 1.59 | -0.51 | 1702.35
5 Polyphe- 1 7607 | cpp | 027 | 0.11773 | Non-Toxin | -0.19 | 10.11 | 3.75 | -0.80 | 2431.19
musin 2
6 AVP 1092 | -860.48 | CPP | 0.48 | -0.19994 | Non-Toxin | -1.45 | 12.02 | 0.84 | 034 | 1546.18
7 AVP 1074 | -848.62 | CPP | 0.03 | -0.10378 | Non-Toxin | -1.62 | 12.02 | 0.25 | 0.89 | 1690.38
8 Maglamm 84059 | cpPp | 0.25 | -0.26042 | Non-Toxin | -1.03 | 10.01 | 0.08 | 022 | 241023
9 F 83774 | cpp | 0.41 | -0.35934 | Non-Toxin | -1.28 | 1049 | 1.19 | -0.40 | 1356.85
K4S4(1- )
10 16)a -827.8 CPP | 0.41 | -0.67828 | Non-Toxin | -1.48 | 10.49 | -0.47 | 0.54 | 1583.25
) ) 2190.
11 Dahlein5.6 | -803.68 | CPP | 0.05 | -0.38065 | Non-Toxin | -1.39 | 9.84 | -03 | 025 00
Indicated to energy value from lowest to highest values.

Finally, a
Table (12): shows the three-dimensional structures (by Chimera software) of these 11 selected pep-
tides with their binding site to their proposed target; thymidine kinase; and docking was done using

Hex 8.0.0 software.

Table (12): The three-dimensional structures of selected peptides with their binding site on their
predicted thymidine kinase target (PDBID: 10SN), docking is done using Hex software

Thymidine kinase target (10SN) — pep-

No. Molecule Name .
tides complex

Focus docking

1 MSI-78




Vol. 7, No. 13 and 14 P. (95-126)E, 2018

Abo Almaali, H. M.

GLK-19

Fvl6

HRCAN

Polyphemusin 2
5 Tg\‘
AVP 1092

| \Z
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AVP 1074

Magainin 1

K4S4(1-16)a

Dahlein5.6

10

11

AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies 113 -




Vol. 7, No. 13 and 14 P. (95-126)E, 2018

Abo Almaali, H. M.

3.3.Molecular docking of selected peptides 64 peptides only 20 peptides are selected to
with Protease target (PDBID: 1VZYV)

The VZV Protease docked with peptides one (Lfcin B) its” E-value (-659.51Kcal/mol)
as shown in Table 13 the E-value arranged to the highest selected one CP11 its’ E-value
from the lower energy value to highest. From -598.73Kcal/mol.

be the lowest energy value, from the lowest

Table (13): Molecular docking of selected peptides with Protease target (PDBID: 1VZYV)

No Molecule Name Sequence E-val(l:so(lK el
1 Lfcin B FKCRRWQWRMKKLGAPSITCVRRAF -659.51
2 MSI-78 GIGKFLKKAKKFGKAFVKILKK -643
3 BR-D KLKNFAKGVAQSLLNKASCKLSGQC -642.58
4 Brevinin-2R KLKNFAKGVAQSLLNKASCKLSGQC -642.58
5 GLRC-2 GLRCRLGRLLRR LGRCLLR -635.92
6 K4S4(1-16)a ALWKTLLKKVLKAA -632.87
7 AVP 1070 RRKKAAVALLPAVLLALLLAP -632.48
8 Caerin 1.9 GLFGVLGSIAKHVLPHVVPVIAEKL -632.38
9 C TGKIGKLKKGTGKIA -628.07
10 Androctonin RSVCRQIKICRRRGGCYYKCTNRPY -620.20
11 Magainin 1 GIGKFLHSAGKFGKAFVGEIMKS -617.97
12 MRP AIGSILGALAKGLPTLISWIKNR -614.03
13 A VVKKARKAAKKVAKK -611.60
14 STAT 1 CTAGACTTCAGACCACACAAC -610.34
15 (%cigilg?r?(%)rflgl—e GWKKWFKKATHVGKHVGKAALDAYL -606.32
16 AVP 1074 RRKKAAVALLPAVLLA -605.48
17 AVP 1072 RRKKAAVALLPAVLLALL -604.52
18 Brevinin-1BYa FLPILASLAAKFGPKLFCLVTKKC -602.12
19 GLRC-1 GCRRLLGRLLRRLGRLLCR -598.88

20 CP11 ILKKWPWWPWRRK -598.73

21 Caerin 4.1 GLWQKIKSAAGDLASGIVEGIKS -598.08
22 BR-C CKLKNFAKGVAQSLLNKASKLSGQC -593.08
23 Brevinin-1BYb FLPILASLAAKLGPKLFCLVTKKC -588.70
24 GLK-19 GLKKLLGKLLKKLGKLLLK -588.66

“ 114 AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies




Vol. 7, No. 13 and 14 P. (95-126)E, 2018

Abo Almaali, H. M.

25 GLRC-3 GLRRLCGRLGRRLCRLLLR -582.37
26 Maculatin 1-1 GLFGVLAKVAAHVVPAIAEHF -572.91
27 D AIRRLARRGGVKRISGLI -570.11
28 Ranatuerin 6 FISATASMLGKFL -569.85
29 HNP-1C-18 IAGERRYGTIYQGRLWAF -568.98
30 GLRC-4 GCRRLCGRLGRRLCRLLCR -567.25
31 B VPKFKAGKILKQKVEKG -565.01
32 HNP-1C AYRIPAIAGERRYGTIYQGRLWAF -562.57
33 Mx 1 AAGCCTGATCTGGTGGACAAAGGA -559.58
34 AVP 1092 RRKKPAVLLALLAP -557.72
35 Fv16 KKVGTSKVVAKTVTKK -557.44
36 S4a TLLKKVLKAAAKAALNAVLVG -557.21
37 Brevinin-1BYc FLPILASLAATLGPKLLCLITKKC -550.42
38 Citropin 1.1 GLFDVIKKVASVIGGL -549.84
39 Dahlein5.6 GLLASLGKVFGGYLAEKLKPK -547.28
40 Vperin 3.6 GVIDAAKKWNVLKNLF -544.72
41 GLR-19 GLRRLLGRLLRRLGRLLLR -542.83
42 TAT-C GRKKRRQRRRC -541.96
43 Tachyplesin 1 KWCFRVCYRGICYRRCR -541.09
44 Protegrin PG-1 RGGRLCYCRRRFCVCVGR -539.44
45 AVP 1093 RRKKALLALLAP -537.81
46 Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS -536.42
47 CP10A ILAWKWAWWAWRR -534.31
48 Polyphemusin 2 RRWCFRVCYKGFCYRKCR -533.41
49 Caerin 1.1 GLLSVLGSVAKHVLPHVVPVIAEHL -517.01
50 GAPdH CACATGGCCTCCAAGGAGTAA -507.75
51 STAT 2 GAGGAGAAGCAATGGGTCTTAG -507.06
52 Aurein 1 GLFDIIKKIAESF -505.53
53 F KATKATITKKPVA -501

54 HNP-1C-18A IAAERRYATTYQARLWAF -499.46
55 P1 WLVFFVIFYFFR -491.62
56 DET2 PWLKPGDLDL -490.71
57 Alloferon 1 HGVSGHGQHGVHG -488.60
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58 Indolicidin ILPWKWPWWPWRR -474.22
59 RTD 1 GFCRCLCRRGVCRCICTR -473.18
60 P2 WLVFFVIFYIFR -472.28
61 DET4 AGVKDGKLDF -451.36
62 DETI1 GWVKPAKLDG -419.53
63 DET3 IGVRPGKLDL -406.83
64 Alloferon 2 GVSGHGQHGVHG -402.48
Indicated to the lowest selected energy value of peptide

Then these 20 peptides were treated with other online programs to predict their characteris-
tics, including cell penetration, isoelectric point, Boman index, hydropathicity, and molecular
weight as shown in Table 14. The cell penetration test shows good penetration for some se-
lected peptides, so from 20 peptides about 11 peptides can penetrate to cell. Also, this Table
shows hydropathicity values.

Table (14): Predicted cell penetration, isoelectric point, Boman index, hydropathicity and mo-
lecular weight values of the selected peptides binds well to protease target (PDBID: 1VZV).

No. Molecule Name | Prediction | SVM Score PI 1312;“?13;?/- LS Ty T Molwt

(mol (keal/mol) (Dalton)
1 Lfcin B CPP 0.18 11.85 2.75 -0.58 3126.17
) MSI-78 CPP 0.46 10.91 0.49 -0.16 2478.54
3 BR-D Non-CPP -0.14 9.91 1.02 -0.16 2637.53
4 Brevinin-2R Non-CPP -0.14 9.91 1.02 -0.16 2637.53
5 GLRC-2 CPP 0.47 12.13 3.4 -0.06 2281.17
6 K4S4(1-16)a CPP 0.41 10.49 .0.47 0.54 1583.25
7 AVP 1070 CPP 0.09 12.02 -0.59 1.23 2198.14
8 Caerin 1.9 Non-CPP -0.52 8.94 -1.14 1.15 2594.59
9 C Non-CPP -0.18 10.61 0.83 -0.53 1500.10
10 Androctonin Non-CPP -0.12 10.23 3.93 -1.06 3081.01
11 Magainin 1 CPP 0.25 10.01 0.08 0.22 2410.23
12 MRP Non-CPP -0.22 11.17 -0.34 0.73 2393.28
13 A CPP 0.51 11.48 2.29 -0.80 1653.34
14 STAT 1 Non-CPP -0.37 5.70 0.89 1.50 1829.42
15 Lima}ndapleu- Non-CPP -0.18 10.13 0.73 -0.49 2840.75

rocidin(LmPle)
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16 AVP 1074 CPP 0.03 12.02 0.25 0.89 1690.38
17 AVP 1072 Non-CPP -0.20 12.02 -0.31 1.21 1916.74
18 Brevinin-1BYa CPP 0.02 9.72 -0.96 1.08 2609.67
19 GLRC-1 CPP 0.35 12.13 3.4 -0.06 2281.17
20 CP11 CPP 0.42 12.03 2.1 -1.48 1880.51
[ Indicated to the peptide that could perpetrated to cell
Indicated to peptide excepted value for hydropathicity

Table 15 shows the prediction of immunogenicity by class I immunogenicity test. From
these 8 peptides, only 5 peptides pass the immunogenicity, and all these five peptides predicted
to be non-toxic by toxicity prediction test. So these five peptides predicted to be effective
against VZV.

Table (15): Predicted immunogenicity and toxicity of selected peptides with protease target (PDBID: 1VZV).

o Molecule Name Scoreng;;siclitl;nmu- Toxicity Prediction | SVM score of toxicity

1 Lfcin B 0.02174 Non-Toxin -0.92
» MSI-78 -0.99548 Non-Toxin -0.86
3 GLRC-2 0.17076 Non-Toxin -1.25
4 K4S4(1-16)a -0.67828 Non-Toxin -1.48
5 Magainin 1 -0.26042 Non-Toxin -1.03
6 A -0.80642 Non-Toxin -0.65
7 AVP 1074 -0.10378 Non-Toxin -1.62
] GLRC-1 0.23118 Non-Toxin -1.35

Indicated to non-immunogenic peptide.

Indicated to non-toxic peptide.

Then the selected 5 peptides sorted accord- shown in Table 16. Furthermore, the selected

ing to the lowest energy value to the highest 5 peptides sorted according to Boman index

one with the other properties of the peptide as  value and according to the molecular weight.
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Table (16): Peptides with the lowest E-values of ty, toxicity, isoelectric point, Bomam index, hydro-
binding to protease target (PDBID: 1VZYV), and pathicity and molecular weight. Sorted according

their prediction of cell penetration, immunogenici- to E-values
2 = & z S 5
~ = Q =) = o= £ £
@ = o =9 = = 2 = = —~
g g Ao - = = » < 5 =
& = = S g 3 = 2 < S
z : | g 58|82 s 5 | 5| %
S = =4 = g SE | =5 D’: = — ) = a
4 = ol Sz | g8 2 @ =3 = ) =
o ] = 25 8E > = = = =
g E 9 8 L < = 8 - =} z
= S 18 |2 | 2 |2 S| & 2
= 1 2 = ) 5 s £ 5 =
ﬁﬂ f—] = St
—_ > = > S =
o} 7 S Z I
7]
1 MSI-78 -643 CPP 0.46 | -0.99548 | Non-Toxin | -0.86 | 10.49 | 0.49 [ -0.16 | 2478.54
2 K4S4(1-16)a | -632.87 CPP 0.41 | -0.67828 | Non-Toxin | -1.48 | 12.02 | -0.47 | 0.54 | 1583.25
3 Magainin 1 -617.97 CPP 0.25 | -0.26042 | Non-Toxin | -1.03 | 11.48 | 0.08 | 0.22 | 2410.23
4 A -611.60 CPP 0.51 | -0.80642 | Non-Toxin | -0.65 | 12.02 | 2.29 | -0.80 | 1653.34
5 AVP 1074 -605.48 CPP 0.03 | -0.10378 | Non-Toxin | -1.62 | 9.72 | 0.25 | 0.89 | 1690.38
Indicated to energy value from lowest to highest values.

Finally, Table 17 shows the three-dimen- site to their proposed target; Protease; and
sional structures (by Chimera software) of docking done using Hex 8.0.0 software.
these 5 selected peptides with their binding

Table (17): The three-dimensional structure of selected peptides with their binding site on their pro-
posed protease target (PDBID: 1VZV), docking is done using Hex 8.0.0 software

Protease target (PDBID: 1VZV) —peptides

No. Molecule Name
complex

Focus docking

MSI-78

| A
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K4S4(1-16)a

|~y

Magainin 1

2R

AVP 1074

| &

Table (18): The ability of the selected peptides to bind with more than one VZV targets

Molecule . E-value (Kcal/
No. Name Peptide Sequence Target (mo
Envelope glycoprotein H
(PDBID:4XHJ) =R
1 | Polyphemusin 2 RRWCFRVCYKGFCYRKCR
Thymidine kinase (PDBID:
10SN) -876.07
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Envelope glycoprotein H
(PDBID:4XH)J) SRLD
2 K4S4(1-16)a ALWKTLLKKVLKAA Thymidine kinase (1OSN) -827.8
Protease (PDBID:1VZ) -632.87
3 F KATKATITKKPVA Thymidine kinase (PDBID: 837.74
10SN)
4 AVP 1092 RRKKPAVLLALLAP Thymidinel g;‘;f)e (PDBID: -860.48
Envelope glycoprotein H
(PDBID:4XHJ) IS
5 MSL78 | GIGKFLKKAKKFGKAFVKILKK | 'Ymidine gg;s)e (PDBID: 11027.32
Protease (PDBID:1VZ) -643
Envelope glycoprotein H
(PDBID:4XHI) ST
6 A VVKKARKAAKKVAKK Thymidine kinase (PDBID: 96751
10SN) :
Protease (PDBID:1VZ) -611.60
Envelope glycoprotein H 582 14
(PDBID:4XH]J) ’
7 Fvle6 KKVGTSKVVAKTVTKK
Thymidine kinase (PDBID:
10SN) -882.43
Thymidine kinase (PDBID: _848.62
8 AVP 1074 RRKKAAVALLPAVLLA 10SN)
Protease (PDBID:1VZ) -605.48
Thymidine kinase (PDBID:
10SN) -840.59
9 Magainin 1 GIGKFLHSAGKFGKAFVGEIMKS
Protease (PDBID:1VZV) -617.97
10 | Dahlein56 | GLLASLGKVFGGYLAEKLKPK | Thymidine ggif)e (PDBID: -803.63
Envelope glycoprotein H
(PDBID:4XHJ) SR
11 GLK-19 GLKKLLGKLLKKLGKLLLK
Thymidine kinase (PDBID:
10SN) -883.56
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4. Discussion

This research focused on using new com-
puterized methods which involved studying
affinity of the peptides to bind to specific re-
ceptor sites of varicella zoster virus by a spe-
cific computerized program (hex 8.0.).

A number of the selected peptides binds
with the three varicella zoster virus (VZV)
targets (envelope glycoprotein H, thymidine
kinase, and protease) to know the interaction
between targets and peptides using a process
called molecular docking, so molecular dock-
ing is a widely used computer simulation
procedure to predict the conformation of a
receptor-ligand complex where the receptor
is usually a protein or nucleic acid molecules
and the ligand is either a small molecules or
other proteins, and in this study the receptor is
part of VZV (envelope glycoprotein H), and
VZV enzymes (thymidine kinase and prote-
ase) as target while the ligand is a peptides,
these peptides were selected because of their
relatively low molecular weight, lesser toxic-
ity, rapid elimination from the host, lesser side
effects and cost effective.

After docking the ligand-receptor complex
will form the expected output is docking en-
ergy. Among the different peptides, the best
one can be selected based upon the lowest en-
ergy value which is an indicated of the highest
stability (high negativity shows good binding
to VZV target, so high negativity mean low
energy so this will lead to high stability).

In the current study, several tests were

done, to know the properties of the peptides

then choose the best peptides that fit with
VZV target and have the preferred proper-
ties. The first one is the cell penetration pep-
tide (cpp) test; this test gives us an idea about
the ability of the peptide for penetration into
the cell membrane because of the VZV an in-
tracellular virus so we need peptides that can
enter into the cell to work on it, so this test 1s
very important. If the cpp score is negative,
this means the peptide is non-cell penetrating
and if the cpp score is positive the peptide is
cell penetrating, and it is ability to enter into
the cell increase when the valve increase. Fur-
thermore, the classl immunogenicity test was
done, this test indicates the possibility of the
reaction between the selected peptides and the
immune system if the score of this test was
positive this mean the immune reaction oc-
cur while the negative score mean there is no
reaction. In addition to that, the toxicity test
was done, this test suggests the possibility of
the antimicrobial peptide either be toxic or not
so, selection of the peptides must be carefully
done to ensure that it isn’t toxic. On the other
hand, Boman index test was performed, this
test shows the ability of the peptides to bind
to other proteins rather than the protein tar-
gets, so if the Boman index value was high
this mean the peptide has multifunction while
if the E-value is low, this means there was a
limited side effect. On the other hand, the hy-
dropathicity test suggested the peptides will
be dissolved in water or not. If the E-value
is positive this mean it is insoluble in water

while if it is negative this mean it is soluble
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in water and the hydropathicity value of this
peptide must be not very high or very low and
be between them, in addition to that the mo-
lecular weight test was done, if the molecular
weight of the peptides was low the properties
will be better because of the adverse immune
response is low so the efficacy will be better.
After these tests were done, there is only elev-
en peptides meet the desired properties.

As shown in Table 6, from 64 peptides only
6 peptides are selected to be most appropri-
ate to fit with the (envelope glycoprotein H)
target and without the problem of cell penetra-
tion, immunogenicity, and toxicity. So these 6
peptides may be predicted as anti-VZV in the
future. From the dimensional structure of the
peptide with the target (as shown in Table 7)
nearly the six peptides binding to their target
in the same position.

The MSI-78 which has the highest E-value
(-791.09 Kcal/mol), so it was indicated high
binding affinity with the target, it was demon-
strated broad spectrum in vitro antimicrobial
activity against most of the common patho-
gens intact directly on the anionic phospholip-
1d of the bacteria cell membrane which called
lipopolysaccharide (LPC), so its mechanism
based on the disruption of the bacterial mem-
brane permeability barrier which in turn lead
to loss of membrane integrity & ultimately to
cell death [36].

Peptide A was the second highest E-value
(-725.94 Kcal/mol) and Boman index value
(2.29), in addition to that has the highest cpp
test value (0.51), and both of these proper-

ties may enhance the theoretically estimated
multi-functionality, due to the fact that the ma-
jor fraction of protein is located inside the cell
and bacterial membranes contain phospholip-
ids with or without carbohydrate chains as the
bulk material. As the binding of peptides to
bacterial membranes involves the lipids rather
than proteins, the index should be unrelated
to the bactericidal effects of the peptides [35].

While polyphemusin, has good E-value
(-597.55 Kcal/mol) and highest Boman index
value (3.75) as compared with the others, so
we expected this high value may be good and
bad at the same time, it is good because the
peptide may work on more than one protein
sides and bad since it work on more sides so
this may result in more adverse effects than
other peptides. It was a cationic peptide CAP-
derived from the horseshoe crab -Limulus
polyphemus. These CAPs have been shown to
be active in vitro against bacteria, fungi and
even viruses, including vesicular stomatitis
virus, influenza A virus, and human immuno-
deficiency virus (HIV-1). polyphemusins have
also a pronounced activity against yeast and
a lower activity against phylamentous fungi,
also it can be predicted to be as anti-VZV [37].

K4-S4 (1-16) 1s potent to inhibit N. gonor-
rhoeae, it could be very useful in a variety of
antimicrobial applications, especially against
opportunistic fungal infections such as Candi-
da, which is the most commonly encountered
fungal pathogen in the human vagina. Since it
has low molecular weight (1583.25 Dalton),

so this mean it has a less predicted immuno-
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genic reaction [38].

The peptide GLK-19 was found to be ac-
tive against Gram-negative E. coli but not
Gram-positive Staphylococcus aureus. But
the results showed that the GLK-19 has a
good binding and stability with the targets, the
E-value was (-589.28 Kcal/mol) [39].

The FV16 peptide is a molecule with an-
tiviral activity [5]. Due to limited researches
concerning this molecule, and the scope of its
action against the numerous virus targets still
in need to be evaluated, this is done using an-
other bioinformatics approach, the molecular
docking. This peptide has the lowest E-value
(-582.14 Kcal/mol) and cpp test value (0.02),
so from this, it can be expected that this pep-
tide having the lowest binding ability with the
target than other peptides.

In another hand, from 64 peptides only 11
peptides are selected to be most appropriate
to fit with the (Thymidine kinase) target and
these have good cell penetration, immuno-
genicity, and toxicity properties, so these 11
peptides are predicted to be anti-VZV. From
the three-dimensional structure of the pep-
tide with the target the eleven peptides bind-
ing with their target in two different positions
(five of them bind nearly to the same position
and the remainder binds to the other position).

Magainins was found to be the best E-val-
ue (-840.59 Kcal/mol) with low Boman index
value (0.08) as compared with the other pep-
tides, so this low value may indicate that this
peptide has limited adverse effects. This pep-
tide is also known as PGS (peptide glycine-

serine) [33], are 23 amino acid long peptides
isolated from the skin of the African clawed
frog Xenopuslaevis [34]. Magainins belong
to a large family of amphibian amphipathic
a-helicalantimicrobial peptides. Those pep-
tides previously indicated to be characterized
by a wide spectrum of antimicrobial activities.
These were against Gram positive and Gram
negative bacteria in addition to the fungi. In
another hand, some resecarches indicated that
the magainins have antiviral properties. For
example, magainins-I exhibited inhibited
Herpes Simplex Virus-1 and 2 [40].

Peptide F also has cell penetration possibil-
ity with its Boman index (equals 1.19). These
results suggest that this peptide is oligo-func-
tional. In addition, peptides A and F subjected
to DNA binding inside microbial cells, this
may expand their multi-functionality.

In another hand, Dahlein 5.6 peptide has the
lowest E-value (-803.68 Kcal/mol), cpp test
value (0.05) and Boman index value (-0.3), so
this will indicate that this peptide has a low
binding affinity to the target, also it is penetrat-
ing into the cell was little and has limited ad-
verse effects. It is one member of Amphibian
peptides, the dahlein 5.6 are amongst the most
active neuronal nitric oxide synthase NOS in-
hibitors so far isolated from amphibians, and
the NOS inhibit the formation of nitric oxide
(NO). The NO is an anti-microbial agent.

Fur the rmore MSI-78, A, GLK-19, Fv16,
Polyphemusin 2, AVP 1092 AVP 1074 and
K4S4(1-16) all these peptides have high bind-
ing affinity, and the E-value for them were
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-1027.32, -967.51, -883.56, -882.43, -876.07,
-827.8, -848.62 and -860.48 respectively. The
MSI-78 has a higher binding affinity due to its
energy was the lowest one of these selected
peptides but has the larger molecular weight
among these peptides but it still weak immu-
nogenic character which may reduce adverse
immune response that eliminated peptides ef-
ficiency.

Finally, the last target was 1VZV- Protease
it’s docking values with the selection peptide.
Only fifth peptides from 64 peptides suggested
to be anti-VZV peptides they include MSI-78,
K454 (1-16) a, Magainin 1, A and AVP 1074.
The five peptides show a good binding their
E-values are -643, -632.87- 617.97, -611.60
and -605.48 Kcal/mol respectively.

The best binding affinity witOh these three
targets was MSI-78, it shows the lowest en-
ergy among these peptides.

Some of these eleven peptides can bind
with more than one targets, with K4S4(1-16)a,
MSI-78, and A peptides, these three peptides
can bind with the three targets, so this will in-
dicate that their ability to act as anti- vzv drugs
in the future was high, while Polyphemusin
2, Fvl6, AVP 1074, Magainin 1, and GLK-19
peptides, all of these peptides can bind with
two of the targets and this will be considered a
good property for these peptides, on the other
hand, the F, AVP 1092, and Dahlein 5.6 pep-
tides act only on one target.

In conclusion, Since the antimicrobial pep-
tides included Polyphemusin 2, K4S4(1-16)
a, F, AVP1092, MSI-78, A, Fvl6, GLK-19,

Magainin 1, and Dahlen 5.6 bond with VZV
targets with acceptable physical and chemical
properites, so they may have the ability to in-
hibit VZV and may have the potential to work
as promising inhibitors for VZV in the future.
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