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[ Exp.1] Calculation in Biochemistry

{ Dleglall me @8 )

< Preperation of Solutions >

I — 1

Concentrations in percent [4] Concenirations in Mormality [5] Concentrations in Molarity

o @ 13 ! (4) v
Parcent by weight Percant by velurne Percent by weight per volume Parcent by mg pervolume

{wiw) (wiv) {wifv) (mg %)

{1 =2
( g of solute/100 g of solvent)= 100 = X%
(-110”.»:3 (wt/wt) solution
Ny
109 of solute & 90 g of solvent .

Ex - 30 gm Hydrocortisone { solution [ e )
1% Hydrocaortisone

eay 1% (wt/wt) == (wt)olio¥ ze Lol LIl

3 = ez
/:ﬂ/
_.{a M POt 3
oe oo 1 o+ 3g

ig = g-& 5™ of h;ﬁ-l’acg,‘\»JI'Sclk.t
{2} o2 :
( X mL /700mL of total solution ) = 100 = X%

10% [ v ) solution
concentrated solution ) ! e 10mL Z8kal ax

dasall dilutent A1 e 90mL Y

( stack solution

EX -
topical product ! s 200mL s L
phenol Jl 5e 6mlL Sla’®

percentage ( vw/v ) of phenol in the topical product 77

'd')rl JL:'L] Y
& mL phenal in 200 mL topical product
how much phenal in 100 mL of this solution = 77 mL
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EX (1):- 30% MaCL solution
L S0mL weatar = zaese oleg Sle 300 of salt 4le] 5 e s
" Quantity Sufficent{ Q5 ) to measure 100 mL -~
&) s 100mL water _J| 30gm salt ! wawis 3
mhgah 5 la a3 8] Wi, 20kl sl gling 7y il (9 il
the resulting =clution would be more dilute than planned .
EX (2) - Mouaee =77 gram in 500 mL of 0.9 % MaCL solution .
28 5 eb opsel  p oo el doustlion =% L Wi aha
Y ! i1 q et Mgl ><\‘ e S wl L
2+ ﬁ‘%‘d 2 ¥ Tﬁ
¥oos W B 5 ofF el
EX (3):- M cerez: = 77 Qrame
3000mL Jeded wrgliaa
of 10 % solution
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A=l —— - : ;
lr/f B G T o rems { clinical Laker tories)

g per valumei mg %

(mg./mL})

mg of solution /100 mL of total volume .

EX:- 225mg of glucose per 100mL of blood serum
(5] zaa ¢
Mass \

Molarity (M) = _n = ¢ Mmass = _mass
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EX - nuwo = 7?2 mole in 150 mL of 1.5 M solution
M= _n? n=M=V =1.5mol = 150mL =1L = 0225 mole MaCL .
W 1L 1000 mL

s pader il gram b NaCL 1 &:eS cewaelltl  1g5a sae a 95] NaCL B abSil ol laall jeadl Bt b aide
WL s = 58.5 g/ mol

0.225 moL MaCl = 58.5 g MNaClL = 13,1625 g of MaCL

1 mol MNaCL
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EX - n=77 moles M =77 05N solution H2504 V= 500mL.
2..-1-
N=nxM?? _ — & M=MN =05 =02M
n 2
M =n? T % pn=MxV =025mol % 500mt x 147 = 0125 mol
1k 1000 mt
Example (1) - 50 mL of 20N solution
“ 50N of stock solution
Mo WP = M ax W

ol = 2 x 50 mL

1met = SR = V- 72
e{rH

Example . (2) -

3

Vo= 20 mL of stock solution add 30mL of diluent

)

Wa=7mL

W= 5% (w/v ) solution

to 7 mL of initial solution add 4.7 mL of diluent.

< Concentrations in pemem>
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Wo= 7?7mL

M= 3% (w/yv) solution

5% x 7ml = 3% x V.

3%

= En)

W= 1166
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11.7 mL
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2 - Percent by weight { w/w)
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3 - Percent by weight per volume (w/ v )
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The " X" Factor
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Volume of stock solution (&) needed = Volume of 1X needed / concentrated factor
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Let's say you need 50 mL_of 1X running buffer to perform an experiment

& the stock concentration is 50X .
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Dilutions  there are two main methods for interpreting dilutions (w2320 sai ) 110 10 -

[A] means that there is one part of concentrate in 10 parts of final solution .

{ 1 mLof concentrate & 9 mL solvent with a final velume of 10 mL )

[B] means that there is one part of concentrate to 10 parts of solvent
Or (1 in11)

[ 1mlL of concentrate & 10 mlL vehicle with a final volume of 11 mL ) %
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5

sl e alis hoslig - 35500 cladl na fetide pafes | e 20 5 jlada) ad] bag
CJaSs JalS paedl noTas fplelS elind easdl glaSy e
CBOML s ,___,IJ.G.!.‘Ji el A0mL 2 ladan 35l ,_EL.'E;H NESEE L 20mL gl salgll 2l ail Lasg
Lolelelotolots ReleioeloRsSetololeietentetelalololoeleteleRe LulseRetatololeetoRRole EotetoletotobotetetotstoleltotetelololodutetsulsRetots etel
Serial dilution
n'_IL:_.:u_“._n F.u:_}] 3] 2 d'_"'ln L_.f:r'_:..a‘h: |TI|_‘|_|r 3] JE_J_“:- JL.'-‘:_':E—' 3] .J_I|:.__-‘5.U b_g__._ﬁ..ﬂ_lnl nilL_.ﬂE—._'I_ll L..,cl_'.'_-'-:i-s ._.‘L._.‘L_-'n_'rjl t"_s‘._!_rle :T.EIJ__

RN R P EAES JIE I R

SuSpall L aa cglt e gl alliS San o dames i i g e i Baoy (S04 Jalea Uae 100 tee
) ._I.:ﬂ_f__g_J!l!l EWES] el i _§'IL:':J| am Alag

gt 3 lool 8 o8] a s a8 ang Mlwe cdmss ai] | Sy < adyd Uy Lued 1)
I8 dlaoll ads Olgledt gy b
{_1.15_;,-J| edd malEs ) 100mL Yoy I\_ﬁ.:-| ¢ Balall ma pamd er..h::-|;,j..“:.g-'t:.s-,_'_:a.- 4] CIPERY PR ﬂ;.:—| L.-ué'd‘h-]‘_j.i:- EATCNY '.‘;gl

chiia 100ML 220 g 238 . 2 200ML Jedl sl 5 slad  chasa e 161 3550 100ML ade dhobeg . el ol e il
LA s e gt

L 200mL 285> log s Jgil s sy caiss | 591 Qg1 g
200mL e laam _;;I;_‘?'-L‘ﬂg \#"“dJl \f'g;q"}“ a.-J! V'L.ﬂ.i = |35y =l -\_.Jg+i"i| _H_.l:- pl.&h:a_:_:,u wama 100mML 220 deo Sogd <--

ekl g o Jode iz e mlaeeg 100ML aia 3330 7ap
e la e e oSisd] jadg Gagliaal] S0l ises |glsen gais jlad

A e W 285 s | dilution factor = G/ Ce | il B ellSey j8l g plae  Olaslyy Jod a3d o lagd b

0.5=100/200 gy gal J]=dds JoMldaail, Ble ke ol Jloall Lo o3
19 gy i oo sy Bl el o 51 Sa il e pe sl Bd | S sudy gl dealidly Hnlylly Aeloly g el ) Al

c el s Lol 5 s en cas so ) 58y e e e Ealal sl Es (g el U




iy ah galac mil Al g lalalg e A Sl el ddlais
vz bigaS Jals Ghgsol] cassd Loy !

05 = 0.5 = 0.5 = 0.5 x 0.5 = 0.03125
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If you wish determine the volumes of each part. A dilution of 1:X means your concentrated
solution should be diluted to 1Xth of its current concentration.

total volume
total parts "X"

Volume of each part. =

Add the concentrated solution to (X-1) volumes of diluent. Always add a small amount to
a larger amount.

a dilution of 1:5, means that the concentrated solution should
be diluted to 5™ of its current concentration

I have 100 ml solution of concentration 10%,

Volume of each part= 100/5= 20 ml for each part

Add 20 ml from concentrated stock to X-1 parts

i.e. 5-1 =4 parts

4 parts* volume of each part

=4* 20 ml = 80 ml diluent (final solution concentration is 2%)

. s
= 1 to& Tl Bl o ] ol we
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H port  w Zoval = B0 vl of dilhenk Too mL — g T
T wal. of  Final Solukiopy 20wl —->/\—E- 27 o
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ial diluti Jelsa e il
Serial dilution A e g o Ll Bpatc 8005 gl o ) ks b lgaliduis] a5y
Serial dilution is used when you need a volume or amount that is too small to measure

( example , prepare 0.00007 mg/ml)

options in this case is :

1- Prepare larger volumes than what you need.

2- Make a small volume of a higher concentration and then perform multiple diluticn
steps (serial dilution) to reach the required concentration.
ralbaall 3.8l ) Lses sl Bosmeill B bkall Dilghed Adiey @3 @ e LS 0 e poes Jazl
A serial dilution is a stepwise series of dilutions which starts with a small amount
of starting material and amplifies the dilution factor serially by using diluted
material as a source for subsequent dilutions.

Serial dilution advantages include :

1- Saving reagents/spaces
2- Used in experiments which require standard curve.,

v Serial two-fold & ten-fold dilutions are commonly used to prepare diluted analytes.
Serial dilutions are also commonly used to avoid having to pipette very small velumes
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= concentration of stock solution / concentration of final solutio
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DF ( dilution factor ) = concentration 1 + concentration 2
= concentration of stock solution. £ concentration of primary

= 1000000 + 1000 = 1000

OF total = DF x z = concentration of stock solution / concentration of final sclution
1000 x z = 1000000 /62.5

Z =16 WL =1& : 2 = =2

stock solution = 1000000ng/ml ! 350 il i poie 0388l o pSaud 21 Jlia gue o
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DF total = DF x 2z = concentration of stock solution + concentration of final solution
1000 = z = 1000000 = 7.8

£= 128205=128
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Lab 1 Report sheet

Loowt Calculations

2
S5 Tmeo wl

=]
1- What is the % (w/v) of 1.0 L solution that contains 5.0 g of NaCl?

w1 pacl —— LT

v R g o loe el

s 2 o 1e0 e ael in o = 2-Bya fwfp]
2 - 0.5 4 of pack in loom  [ov]
2- Find the percent volume (v/v%) of ethanol in a solution prepared by diluting 30.0
mL of ethanol to 250 mL.

3o me #Hhengl ———5 2T mL Solubion

Tyrar ml alignel ——= loo il Sohubiow

o loe « Fo
1o

12wk ofF ethonel p loeo wk solution

iz e Wiv)
3- Carry out the following calculations:
a) How many moles of NaCl (MW = 58.5) are required to prepare 100 mL of a
1.6 M solution?

[
¥ I moL 1 o ld moles
Mo ’ . e WU 3+ foaml =

w : T4 Ty wml

b) How many grams of NaCl are required, MW NaCl= 58.5 g/mole?

Ol oles of vock = 52-% 4 L0 wmel

4.34 9 re ot  Macl
1 moles  pacl

21

4. How many moles of HCl are present in 50 mL of 3.0 M HCI solution?

M o = 2 el Goml 1L - ool ke @t Pel
Hil 1L Timems L

v

5. What are the normalities Iof (a) 0.213 M HCI, and (b) 0.010 M Ca(OH) ?
2

jtt=g
o P @ 213 o = a-213
Qm{mﬁj:\.
b] Moz Mo oph o oW o-2lo e s oo la
@I W Ty =
6. How would you prepare 240 mL of a 1.0% (w/v) solution of glucose from a 6.0% (w/v)
«. ¢ " solution? How would you prepare 2.5 L of a 2% (w/v) glucose solution from 5% (w/v)
. aqueous glucose? @ o c: :.
Lyo=e
73 w -
{D o, %W, = Cp w U @ e, oW, o oo WML
Ew a2 ¥ 2 2de m I A R e 1
T T 6 B B L o
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| odd  2osml of diluenk J | mdd 1.5 mt  of dilussk )
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ST b 1S5 s Experiment 2
e 1 T2t Experimental applications on solution preparation and dilution.

In this laboratory you will be preparing and diluting solution as per given in the lab.
In all steps distilled water will be used as a diluent

Using the following materials, prepare the solution below

Materials

. NaCl

. KCl1

. Red buffer

. 10% bromophenol blue stock (3mls)

. H>SO4

. Volumetric flasks (50 mL)

. Digital balance

. Graduated pipettes

. Pipette filler.

. Distilled water

. Test tubes

. Erlenmeyer flask

. Beaker

50 4kt o 1- Prepare 4 mls of 0.078% of bromophenol blue, given that the stock

Geasd gl | £ plae gl concentration is 10% bromophenol blue. Write down the procedure you

e el [l sl

Pl Vs Mlaw e

followed in your report sheet.

2- Prepare 50 ml of 20% w/v NaCl?

3- Prepare 50 ml of 136.8 mM NaCl using the stock solution (20 % w/v) you
prepared in the last step, knowing that the molecular weight of NaCl is
58.44 g/mole.

A" 4- You have a 10X red buffer, prepare 10 ml of 1X buffer.

5- Prepare 50 ml of 150 mM KCI knowing that the molecular weight of KCI
is 74.5513?

o o’ o <,
6- Prepare 50 ml of 0.2 N H2SO4, from a stock of 2 M H2SO4 found in the
fume hood?




e @ Lab 2 Report sheet

Experimental applications on solution preparation and dilution
Student name:

Student ID: section:

A. Write down the calculation that you used to prepare the solutions (mention

volumes, weight, glassware used and any other steps involved (you can draw
schemes)?

1- Solution 1
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2- Solution 2
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5- Solution 5

-3 - =3 - =
T A 15 w16 oz 'ho 100 s FY. 55
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6- Solution 6
T
p B y e
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L i
C. A solution contains 15 g of CaCl2 in a total volume of 200 mL. Express the
concentration of this solution in terms of (a) g per L, (b) % (w/v), (¢) M? (MW of
CaC12= 110.986 g/mole)?
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[ Exp.3] Use of Micropipettes

(bl ali gl ble 35 cafa my e - e ool sudia el za |l sta peaal 30 Mlgdlall ga 5854 )

7 Micropipettes - are the standard laboratory equipment used 1o measure
and transfer small volumes of liquids.

Jilgdl o Byt Dl Jaip pull dossidl] Lol & psall Olicall a
+r you will use them throughout this semester & in advanced courses that you take in the future .

< it is essential that you master their use if you are to be successful in your experiments .
lgolocal 8 ol é;g).ub” B

¥ these devices are expensive and semewhat delicate
Lo as ) diilieng pasll Zials 33054 2is

¥r To obtain accurate and precise data, correct operation of the micropipettes is essential .

% for this reason , we are going to start the course with an exercise of farmiliarize everyone with the micropipettes. 9

Precise : péwiady pgeesd 7y Al pdll ylEF o
accurate ;|  dwograallg daasll da.8) ék Lt il EaBll wodll o3 @84l

( Micropipettes JI ilg=J! il e bjedl )

- Accuracy and precision are fundamental in the field of biochemistry because reproducibility is a must and measured
volumes are extremely small.

lis Sydio Auliall SLeSls e syl reproducibility U 0¥ « Grsed! sl s @ bl sl ] Lpinmy s il o laally G5

- You are already familiar with how to read accuracy of simple laboratory
glassware (i.e., graduated cylinder) and the more complicated burette.

Al | Bgpomiail Gt 09N 805000 38T el Je Jaalls el
ss Luzey % urette (s graduated cylinder M1 jea

- You are now going 1o begin use with a new measuring device known as an adjustable micropipette.

aeldl alie e glaslld Ll pa calll

el 250 gl gl oSl Objective :
Volume adjustment knob . - _ - - .
— to learn how to use adjustable micropipettes and maintain two things :
’ e b accuracy and precision.
Gripy ¥ S— oyl gy e gl liag s Walls ppsea e BlAsL joas) G000 G300 Dibo lall plasi] dpiyS alssl
Volume 39y Lesie pasad i
o «=TipJ Jai  Parts of a micropipette
Display———— J jloa"i
) ¥ micropipetts
sy s on @M ol gon - The volume indicator consists of three number dials and
S s e deone slall pal! y
volume adjustment knob Tip Ejector Collar is read from bottom to top.
gl el 3 g2 gall A ) S a gl pess A el B e pasay
Sl oo
The digits on dial display indicate the volume selected.
Tip Cone

nalatiaa| 2lal! aamall paadl ] dlaadl o Bage gall 21531 23




Different sizes of micropipettes

The micropipettes in this laboratary come in three different sizes each of which measures a different range of volumes. :

" ool poa il ssin 1Bl lgze 18 ey Sebliics alonn] 23302y ls
The three sizes are @ @)&nd @
Micropipette are named based on the upper range volume. L3l gl oo o laly lind gy

o

Micropipette Size Lower — upper volume range
P-10 0.5-10pul

P-50 5-50ul

P-1000 100-1000ul

x
2

MICROLIT

|P 10, range (0.5-10 pl) l I P-50, range (5-50 uL) |P 1000, range (100-1000 pL) |

Display: 6.6 uL Display: 23.5 uL Display: 530 pL

Volume is read from bottom to top.

By des Lalaesd 208 0 Zans lpamel! G015 3800 Dilala)] aling
c sl Baaemy 23 gl e 2l
= Most micropipettes are adjustable and can deliver variable volurmes (e.¢., P-1000 can deliver 500, 735, 945pl)

depending an the volume set by the user.
__\.u'_._\.i'd.' Euding dagle Jsugﬁklxinﬂ'_au-{v;:a - _}__f_.'h_:n" st Gl ddEal Slslall

- Variable volume micropipette comes with different ranges and upper & lower limits of measurement.
In such cases, error percentage may vary as per the measured liquid. il B s s 56 cllad da e b

- Trying to dispense less than the lower value of the range will result in inaccurate liguid measurements,

whereas
trying to dispense over the upper range will completely fill the tip and allow the liquid to enter into the pipette body.

'.JLu_' u:_éa ~_.=.|\_J_;L..n.| '1 h'.b_| s l"“d._-n_L e Lz..u‘;l a.g'xn‘_é_wg__u
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C] Accuracy and precision @ 514 Bl iy 9 555 Hanyl i s glign ¥

|Accuracy depends on the - elivering the correct volume.

Precise results are reproducible, e

Manufacturers determine the accuracy and precision of micropipettes by using them to
transfer defined volumes of distilled water that is then weighed on an analytical balance.

Aol 2l s Bodma plos 182 [galasizsly lgadag EE 801 Olalall 380 ynzaall sy
=) analylical balance 0l o o5 sy a3is g o8N
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This is called the gravimetric method which determines the delivered mass of distilled
water at a reference temperature {25°C), given that the density of water is 1.0 gram per mL at 25°C.

This means that every (pl) should weigh exactly 0.001g.

{ Jlosslally bogs Jlas }
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The process is repeated several times during the calibration process, and the data is used
to calculate the accuracy and precision of a micropipette.

Saaledll ez 21l lpa Bas duasll S0
T V| Y P T WP P Y AT E AT TIPS

| Accuracy ;} is the closeness of the dispensed volume (-3l 4 ssa s sl aza)
to the true (standard/nominal) volume as set on the pipette.

Accuracy is expressed as mean error or % error (=== s}, the percent by which the mean value of a large number of

replicale measurements of the same volume will deviate from the expecled or "true” volume.
38 2 Lalfll s pad saal mh.;m sl g 5 poar ! dpgeall i 38
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The accuracy of these micropipettes is determined by the factory calibration as shown
in Table 1 and checked gravimetrically using distilled water and an analytical balance.




2 jaccuracy JI . 2 doasuzadll il gall §
[1] Average { mean fwgzll) = _sum of all values
total number of values

[2] % Error ( % accuracy ) = | Experimental value - Standard wvalue | = 100
Standard value

¥
[3] % accuracy = mean volume - nonimal volume x 100

nominal volume

[ Maetls lmed prue volume 3 =5 nanimal valurme J1)

Precision  Precision provides information about reproducibility of your measurements
and refersto as the "scatter” of individual measurements around the mean of replicate
measurements, without any reference to a standard.

% Relative Standard Deviation (%precision) is usually used to express how precise is your data.
Sometimes it is called coelficient of variation (cvik).

: Precision b daasciaall -.ilgsll §

[1] Standard deviation (SD) = © = J Z-#)
H- 1
|L I m.uafauﬂ:lﬂ_ )

[2] % RSD (% precision) =_sample standard deviation % 100

average measurment
T

where Xi is one of n individual values in the data set,
and X is the data set's mean (average) value.

The % precision is used to calculate the accuracy and precision of a micropipette,
which is determined by the factory calibration as shown in Table 1.
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# Calibration guidelines of micropipettes

Table 1: Calibration guidelines for the listed pipettes from the International
Organization for Standardization’s (ISO) - EN ISO 8655.

Range Volume (ul) | Accuracy (£%) | Precision (£%)
2 4.00 2.00
0.2-2u 1 8.00 4.00
0.2 40.00 20.00
20 1.00 0.50
2-20ul 10 2.00 1.00
2 10.00 5.00
100 0.80 0.30
precision J| Jle w2l gl | 10-100p 50 1.60 0.60
ol <ol gl e U 10 8.00 3.00
o el dagdll glag 8.06 1000 0.80 0.30
060J') 200-1000u | * 500 1.60 0.60
Sy pals el 200 4.00 1,50
not precision & & 5000 08 0.30
1-5ml 2500 1.60 0.60
1000 4.00 1.50
10000 0.6 0.30
1-10mi 5000 1.20 0.60
1000 6.00 3.00

-~
| |
{ Example -1} Calculate the 'SE of the following data set ( 84,84 ,89,91,110,114,and 116)7?

X =average = 84 + 84+89+91 +110+114+116 = 9828 = 083
7

SD =J (84-983)% + (B4-9837 +(B9-983)° +(91-983)° «+{110-983 ) +(114-983)° +(116-93.3)* = 144
71

[ERLEN IR - SN [ 1 P

Standard deviations are very sensitive to extreme values (owtliers) in the data .
Wt ket For example, if e highesl value in lhe dalasel had been 7450
M instead (e ¥4 1 of 116, the SO would have gone up from 14.4 to 230

s .
Srandorg ol o
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{ Example -2} CaWD . % accuracy & % precision for result of 1000 microliter pipette set
to microliter | got :

( 910 microliter , 887 microliter , 882 microliter , 902 microliter , 921 microliter )
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A : Comparing this to Table 1 this is well within calibration limi 040
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Precision : This is above the calibration limits shown in Table 1 so this pipette should not be used as the results are very
variable between pipetting. However,

it could also be poor pipetting technique ! So it may be worth checking with soameone else &9

Az g Lol Gluody e calle ] daill ke % 0,30
Imprecise { not precision )

feteleleloRelrRe st iei v iiaraielvioioiolelsielaliriolrloisdelrivieielslrioieloietelelotoelvir Dol s Lririrarieirioloielelolotolote ool vloled

A" How Pipetting Technique Contributes to Error :
(1) Tip Wiping —> Unnecessary tip wiping can lead 10 malerahlogsus.) Lo oo ab s Lol lgonis Tip ) ot d e
(2) Choosing the Wrong Pipetting Mode

(3) Working Too Quickly

“L,’,ii‘},’ e _ﬁ;_n;a'_:_ L. zag Loy ._] ;:_.al' 'c..a!l
(4) Pipetting at an Angle iy
ifaslt Zalall 3t alihal

(5) Using the Wrong Pipette Tips

(&) If atany time a pipette is dropped or for any reason you suspect the pipette is
not functioning properly & INFORM YOUR INSTRUCTOR IMMEDIATELY .
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Pre - Lab Questions

1 pal, ————t= 1o el
_ 3 Sem el T S
1) Fillin the blanks .. 272855 . pL=250mL
100 & 150 15 oen ]
|
, s
23 What should 250 uL of water weigh 7 ..., Qrams o b oo sk
TR o > 2R ML
"z fr i) = BB g
al 1ama
3) Is the following set of measurements precise 7 YES .@I_Q}

Is the following set of measurements accurate ?(fi’-E_g, NO

Using a P-1000 micropipette attempting to measure 500 pL the mass of water equalled :
(note the grams measurement)

fowft MY N ge=i P

((0551g , 05259 , 0448g , 0476g , 0502g )]

Average = 500.4 .0

| 2
gD = || Ellufl -_;;}l =

| _(0.551-500.4) +(0.525 - 500.4 )7 + (0.448 - 500.4 )" +( 0476 - 500.8 )" + ( 0.502 - 500.4 )
Yo 5-1

b J

BNl

= 0.04034 g

@ #3mg Juewa . gram Jb eal] gae s o3
SD = 40.34mg <Ll

gasstal 73 g glo

0 8 eal gl 81 e

% accurate = { mean volume - nonimal volume )} * 100 %

= 5004 - 500 =100% = 008%

nonimal volume 500

( accurate )

% precise = sample standard deviation = 100 %

rmean volume

= _40.34 % 100%
5004

= BD&6% [ notprecise)
precision J 0,60 dall Jzuall gue oY
8.06 o Hasdl gl Uly
. not precise &3] Son U060 I s el 806 N un
43 Why should you only use degassed water for this experiment ?
[ == 2]

-That it's 1o remove gas / pores inthe tip .
- That it's to for calibration .

accurate } 1.60 Jawsll danill ¥
008 call da sl (Gae 'J]_a
accurate @l Seun cli <— 1,60 50 B 0.08 J b
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How to use a Micropipette (Operation of the Microliter Pipette) :

(1) Sl the wolume by lurning the volume adiustment knob at the end of the pipette unlil the corect volume shows on he indicator,
Do Galad] e oty o8 wralball geandl 1D L xee wolume adjustment kenobr 20yl i s sl g

MNote : Newar go above or below tha range of tha pipettc.r | Know thesa ranges at all timas,
gt ) g dsd el g el 1y i

(2) Attach 2 new disposable Lip (o the pipette shalt . Press Tirmly with a shght twaisting mataon.,
Make stre you are using tips of the correct size far each pipette.

[ e ale bam] lowsy | dms dagdaddy
pipette J3 xoassll gl = Az

(3) to aspirate the liguid in the tip, press the plunger to the first stop. This part of the stroke is the calibrated volume displayed on the digital
valume indicator. Do nat press the plunger all the way down, of you will driaw up toa much selution

B | B S IR 1] B PRt 1P | 2ol ] B! ]
..,a.':;,“ | sl ,\_.l-a __,':3_,:5" seleall amsl 22 .|.=..|1"-a allhzll s
PRI TR U, | N ST, P L S ot 1 N e i

(4) Holding the microliter ﬂipefrtar’imme rse part of the disposable fip into the sample.

dn’ g Eall Skl e alie | mai g, Gugels B meraliser pipetton I IR

{5} Allow the push-button to return slowly to the up pesition. Never let it snap up !
CIT it does happen, 1l a TA sothat the microliter pipettor may be dismantled and cleansd ta prevent corrosion and the comamination of your
succeeding samplesk
Al S et anlie B ) g by micraliler pipeiior | A58 s e
Do this slowly and keep the tip submerged in the solution to prevent any air bubbles from entering the
Tip-this will mass up your volumea measurament.

i tip Pkl dad ] el go e S8 ,_5| pral [l NCRETLY] cakd Telon e Ml g o Joun odld el

B T Ul EXPE1| PRCPES opaall 1 AW _»}1.3.1.':5

(&) Wait a few seconds to ensure that the full volume of sampleis drawn into the tip,

(7) Withdraw the tig frem the sample liquid . You should observe the liquid in each type of tip with each pipettor so that veu can become aware if
there is & significant problem with the pipettor, This is an incredibly important part of the technigue and becoming efficient
at pipetting small valumes.,

5 g Al i e

Cpipetie )] 5 b S ol S0 130 Le lns! 2 Bad s pipelte B asdlp )l s

AR NP P | it

o gl lagge 12 o Lase s}

{8) To dizpenze the liguid, touch thetip end 1o the sidewall of the receiving veszel and deprass the plunger slowly Lo the first stop.
Wait twa seconds. Then press the plunger to the second stop (the bottom strake), axpelling any residual liquid in the tip,

irsl stop i ue eg kel e by rpcziving wessed N alalage osdt fip 1 el VLl ol
Skl i ds P sl adel g mecond stop M et [ plunger ] et o bk pd el Ml g

(9) with the plunger fully depressed, withdraw the microliter pipettor from the vessel carefully, with the tip sliding along the wall of the vessel.

(10} allow the plunger to returm slowly to the up position.
cptill w5all M e b agalls { plungar ) o all ra

(11) Discard the tip. You want to use a different tip each time you are gathering/dispensing different materials.
If you don't do this, your concentrations of sclutions will be inaccurate, and as a result, so will your data.

, Galuzall algall aigis ia?l_lagzl.'..:l o Dlanl alasin am ngar baral Bp 0 seme 22 B oslemnadd ] g gjecton ) e el Jle qa ] gip A1 e

Tt ol p Mo - Ll Ot e T gl R g e b L iy 2] Lol g e iy 20l 1]

Mote : To prevent liquids from being drawn sheor into the microliter pipattor shalt pipette
slowly and never invert —=laes or lay microliter pipetteron its side with liguid inThe fip Wik 3 0 e piads e ns pes,
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Pasition 1 is where the Position 2 (First Stop) is reached Position 3 (Second Stop) is
pipette is at rest by pushing down on the reached by pushing down
plunger until resistance is met from position 2

The plunger will stop at two different positions when it is depressed.

Lngdba nsfy e il nminae e - plunger - geeSsll Bdzes

The first of these stopping points is the point of initial resistance and is the level of depression that will
result in the desired volume of solution being transferred.

The second stopping point is when the plunger is depressed beyond the initial resistance until it is in
contact with the body of the pipettor.

At this point, the plunger cannot be depressed further.

This second stopping point is only used for the complete discharging of solutions from the plastic tip.

feledelololedetetolofelolodv ioledolololololedviodrioLols Dodoledeleleledoleloivlodolodoleteiotol el tleletv oledolelo e dolodvlodviolololololedo Lol el

Safeguards for a pipette (INFORM YOUR INSTRUCTOR IMMEDIATELY ) 255! Sl

Each micropipette is very expensive

To keep these pipettors functioning properly it is important that they be handled with care.
Flease follow these rules to keep from breaking the micropipettes

o Bk lgma Saledl pop ol pgal e et 005 pipapa Slaie jes e Slasl

micropipettes I —F ool azladll 2 0]

{1} Never adjust the volume beyond the range of the micropipettor.
no micropipette should be adjusted below zero pl.
the P20 should never be adjusted above 20y, the P200 owver 200 ul and the P10D0 aver Tml.

{2} Never force the volume adjustor dial. If the knob becomes difficult to adjust it probably means that you are exceeding
the limits for the pipette or the pipette iz damaged. Please report the problem to the instructor or TA .

EHH .)| pipelie Ol sz larzisl R o ea [ adjuston § Adall i ol s ﬁ!*’. 13l




{3} Keep the pipette clean and unclogged at all times.
If you feel excessive resistance when you depress or release the plunger , then the pipette is clogged
and neads to be cleaned

{4} Do nat drop the micropipettes.

i djrigetes i e gy [ FI PP Ry | I Rl S

{5} Always use a smaoth motion when using the pipetters.
This will help give vou accurate measurements and also prevent breakage of pipettes,

eI AL Aty B PAES C RPUCELE LS Y [ EP

{6} Always choose to appropriate size pipette for the volume you are measuring .

{7} Always dispose of tips in appropriate waste containing .

ieleleleletels LeleleleeleLrlaltlo Lo Lelebile LetielileLekelebeleRetaleleLelo Datelilla e balileteReirleieReio LilaleloLitelelelottialRele bt iEle]

Procedure ( Calibrating and Using a Micropipette and the Mass of Water )

In this experiment you will learn to use the adjustable micropipeties of various sizes and
measura their accuracy, precision, and calibration .

Ripette a known volurne of degassed water onto a balance and weight it .

With the digital top loading balance in our laboratory.

[1] Place aweighing dish on a balance and tare it

[2] Pipette 750 pL using the correct model of pipette 4 times into the weigh dish and record the mass
[3] Pipette 50 pL using the correct model of pipette 4 times into the weigh dish and record the mass.
[4] Pipette 10 1L using the correct madel of pipette 4 times into the weigh dish and record the mass.

[8] To save time and materials, just tare the balance between each addition of the defined volume of water,
make sure that the balance shows 0.000g before adding any additional water.

[6] Record these values inthe report sheet table and determine the average and standard deviation .
If your value is accurate and precise as determined by the standard values,
yau will have successfully completed the exercise

Pipetting accurately and precisely is a major companent to getting good data in this course .
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Experiment 4
Qualitative Determination of Protein and amino acids

Bam!l il e il pyaus pga G132 uis za ol
Sgnlt a8 amga Jg Lol b ange GiligSe pa

Protein is an important macronutrient essential for survival . They are an important constituent of cells and hence
are present in all living bodies |
Al b Gadoaly RS podl e Gegeae B gamm ol bt ol SO0D e 65 e LAATT guad

Cells contain more than 3000 different proteins that play a variety of structural and functional roles in the cell .

10 - 35% of calories should come from protein . Protein is found in meats , poultry , fish , meat substitutes , cheeses,
milk etc . They contain carbon , hydrogen , oxygen , nitrogen , phosphorus and Sulphur in some cases |

Proteins are large biclogical molecules of alpha aminoacids .

Ml palgllpazatll B adsa T amse | kil g gl gl ol el Gt s 10358
sptamgll [ e g iatially spomen Sl g mem il o pndll e gganad | a0 lag ogimlly oSty pasdd] Bl
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Amino acids are the main building blocks of proteins .
They are relatively small molecules that characterized by presence of a-amino group , carboxylic group and a unigue

R group .

Sl R panig el 28] e g 3 0 -3MIEND A g s g hpacd | 2] b b e Dl

the amine group is attached to alpha carbon , which are crystalline in nature and exist
as zwitterions ( it has both positive and negative ) o Mg Sz b 8l Carbion 4 daise el deganal
aming groug ' s <ealed] positive charge ! cesemidl 98 e conod ) pwitterions Ba e

| Garboy! grous O oe el Negetive charge Va

H H

1 |
H,N—C—COOH == "HyN — C—C00"
| |
R R
Amino acid Zwitterion
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Although aming acids share the general structure , they differ in the polarity , size sclubility and electrical charge .

Amino acids form a specific type of linkage known as peptide linkage , amino acid molecules undergo a

condensation reaction . et At s sl e pepticde linkage Il sl g mall Ealp s thinss L B o) alustl 102
Zamino agids e by bal Susg condensation J! [ condengation) 3500l 550 g oAl felidl

the condensation of the a-carboxyl group of sk ot BEFIND Repigeg i’y gt has: o4 crominpt Lapdi |
one amina acid and an a-amino group of anather ,

slal e aigfan| drlmanall aipnh g
The products formed are classified as ; g e e el
depending on the number of amino acid molecules invalved in the condensation reaction . ut il e e

oondansation reactian )

Dipeptide : they are the preducts formed by the condensation of twe molecules of alpha-amino acid .
Tripeptide : they are formed by the condensation of three molecules of alpha amino acid .

Polypeptide : If a large number of molecules of amino acids combine , the formed product is called a polypeptide .

= u: . . . g . P gl Slasell Jalad 4 H N FSC SR S W NPT | LR
Proteins differ primarily from each other in their amino acid sequence. " 77T 0 T -‘__:,fj_.__,._j e i,’;::

There are about 20+ amino acids here .

Some amina acids are not produced by the body and are delivered by diet . They are called amino acids , which are

essential . GRITE NI RS PRI PEES PSP NN | ESCPERC T SCURN P RIS PTES. | et
il £ Bapam ) mmmential Mo et [ diet ] L5 e o)l gl
17 norressentiel aming acids
9 gagential arming soids.




Detection of Proteins : Detection based on the fallowing :

1. Presence of peptide bond : Biuret reaction !l plusuwl ok o

2. The nature of protein ( coagulation by heating , precipitation by strang acid and heavy metals )
3. Presence of certain amino acids : color reactions of amino acids

Qualitative test

Protein

A, Biuret test This testis used to detect the presence of peptide bond ( not less than two peptides ).
When treated with copper sulphate solution in presence of alkali { NaOH or KOH ),

protein reacts with copper {I1) ions to form a violet coloured complex called biuret .

This test is applied to gelatin, casein & albumin .

g
" i
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(Violet)

B. Heat Denaturation Proteins are unequally stable gslucs & 50 8iacus when heated in aqueous solution,
fractionation can be achieved by contralling heating .

The presence of a substrate , a product, or an inhibitor often stabilizes a protein against heat
denaturation .

Denaturation consists af the unfalding polypeptide chain and loss of the compact structure.

Itis usually irreversible and can result from the application of heat , extremes of pH or the action of
detergent,

Denaturation therefore frequently causes precipitation of the protein.

Amino acid

A. Ninhydrin Test

Ninhydrin is a powerful oxidizing agent ss8 2550 Jale
it reacts with a-amino acid to decarboxylate the amino acid
yielding an intensely colored blue-purple product , CO2 , water & the corresponding aldehydes .




Ninhydrin yields a similar blue-purple reaction upon reaction
" 0 0

with primary amines and ammonia . O |
OH  nu crcoom N
OH HO
0 o o

The reagent also reacts with amino acids such as proline
. )
to yield a yellow to red product . « 1 4co + anp
R” ™H

Ninhydrin Test

This test give a positive result by only amino acids & proteins which contain free — NH2 groups (a
amino group ) in their structure .

Amino acid residues for which good color tests have been achieved are arginine , cysteine, proline,
hydroxyproline , tryptophan & tyrosine.

The colour intensity is proportional to the concentration of amino acid
i.e. ammonia from the amino groups.

B. Millon's Test
# Millon's reagent is a concentrated HNO3 reagent that dissolves mercury &53 2 <313

¥ The test by Millon is specific to phenol that contains structures.
Specific for tyrosine ( tyrosine is the enly commen phenolic amino acid ) and proteins containing it .

0
OH
NH,
o N
AY Lo, HNOY HGNO, HO-N"  H oy
- -
o l' v f NH, Hg (NO3), NH.
Tyrosine O : Brick-Red
9]

A red precipitate or a red solution is regarded as a positive test as a consequence of the reaction .

Inorganic salts in large amounts interfere sl with the reagent by precipitating mercury .

A yellow HgO precipitate is NOT a positive response, but it usually shows that the solution is too
alkaline .

¥r This test can be applied to tyrosine , phenylalanine .




C. Hopkin's Cole Test

Hopkin's Cole test is a specific test used for the detection of indole ring and thus, tryptophan in
proteins .

The test is also termed as * glyoxylic acid test’
as the reagent contains glyoxylic .

Glyoxylic acid is prepared from glacial acetic acid by being exposed to sunlight acid .
In the presence of concentrated H2S04 , the indole tryptophan group reacts
with glyoxylic acid to give a purple color .

The H2504 added to the reagent helps to stabilize the glyoxylic acid &
prevent its decomposition and the release of carbon dioxide.

H
" N n
[/I) | |
NH; O sto 3 \ =NH
* —
O =~ —" "-
O 0
Tryptophan glyoxylic acid, Purple-Colored Product

D. Lead - sulfur test SR

Sulfur containing amino acids containing sulfur, 8-S group in cysteine , and S-H group like cysteine
& cystine

on heating with KOH , a black lead sulphide precipitate is formed by reacting with lead acetate .

o o
|
2 NaOH
HO/L\l/\SH — HO)Lj/\OH &
NH, NH, Na,S
Cysteine

Pb (CH;CO0); + 2 NaOH —= Pb (ONa), + 2 CH;COOH

Na;S  +H;O+ Pb(ONa), —= PbS; + 4 NaOH
E. Nitroprusside’s test Black ppt

The nitroprusside’s test is specific for cysteine , the only amino acid containing a sulfhydryl group (—
SH).

The group reacts with nitroprusside in an alkaline solution to yield a red complex .

a free sulfhydryl group (-SH) that is able to react with the nitroprusside
in the presence of excess ammonia (NH40H) awe Ails 3gag 1is

Reactions:

NH+OH
Nax(CN)sFe (NO): H:O + HS-CH:2CHNH:COOH — Red complex
Na-Nitroprosside Cys

Fig: Na-nitroprusside reaction with Cys amino acid.




Practical work Blurel Tes!

JA il @ Biuret test:

and &

1. Place 15 drops of each sample (unknown) test solution
in a separate test tube.

2. add 5 drops of 20% NaOH and mix.

3. Add 2 drops of 0.2% CuSO4 solution, warm if necessary

Glue

@ Heat denaturation:

Take 5 ml of each sample (unknown) test solution in a separate test
tube, heat to boiling.

What do you observe?
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C. Ninhydrin Test:

1. Take 2 ml of each sample solution in a separate test tube.

2. Add 0.5 ml of 0.1 % Ninhydrin reagent the test tubes.

3. Place the test tubes in the water bath for 5 minutes and then
allow cooling to room temperature.

4. Observe the formation of adeep blue/purple colourindicates
the presence of amino acids.

Negatlve bluret lest

-

usitive bluret fost

chultes il s g
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Result:

Gomines Afid
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v blue-purple reaction
v yellow oryellow to red color

Interpretation

pvbhen  ample
Uhet 1 O 5P
| yeisny = s=tevies !

1. This reaction suggests that amino acids, other
amines, and ammonia are present in the test e - "%hm
material. 3 570
2. Negative: not a.a, not protein } A a0k Freevet
3. Positive purple: aa or protein with free amino gp ‘2';}“"’ Purple-colored
4. Positive yellow: proline aa or hydroxyproline. o Ll Prafine prosent

Aala gladdl 2 Frasaa Lotgadlg bipatdl 5 Haaastd] ,__-&'-A:—E‘ geras Atly =g jeliall e l'l

L interpretation ed

cpraling seee e e efane sais la s amino acid a=as § 2l el Megative sl 4] 2000l |2
arning acid & pretein which contain free NHZ groups ( alpha aminog acid) see & o929 Positive gl=dll et -5l [3
_proline or hydroxyproling s e <) o positive o=l ke gl [4

[yellow or yellow to red Ll pes =500 25l0 )




. Millon’s test

B U
Take 2 ml of each sample solution or Millon's = Millon's
unknown solution is taken in a seperate Negative Test Positive Test
test tube.
To this, about 2 ml of Millon’s reagent is Absence of tyrosine Presence of tyrosine
added. Observe the formation of red brick or phenol-containing or phenol-containing
precipitate compounds compounds
if red colored precipitate is not observed
immediately. the test tubes are then kept Red or pink colored Red or pink colored
in the water bath for about 2 minutes The precipitate absent precipitate present
tubes are then observed for the formation
. of the colored precipitate.
/ 5‘-'?5/
|- T/ Positive result: A positive result in the Millon’s test is demonstrated by the formation of a
red brick or pink colored precipitate. This indicates the presence of tyrosine or tyrosine
containing protein. A -
Negative result: A negative result in the Millon’s test is demonstrated by the abJs_eL{cfe of
colored precipitate in the test tube. This indicates the absence of tyrosine or tyrosine-
containing protein. .
ST LA
Iy i
E. Hopkins-Cole test doyvos
~JE « EERVES
1. Intwo separate test tubes, take 2 ml of
Hopkins-Cole reagent and 2 ml of each Hopkin's Cole Hopkin's Cole
sample liquid are taken. Negative Test Positive Test
2. Tothis, concentrated H,SO4is added along
s i e sn e the sides of the test tube held at a slanting
Hilm i e 25 position; Two distinct layers of liquid are to Purple ring Purple ring
" beformed without mixing, (Note: Mouth of absent & present
. . the tube must point away from the face, as
' we should be careful while adding the \J mbsent \ @@Pmsent

sulfuric acid.) &
The test tube should be observed for the formation of a purple colored ring at
the interface of two layers.

Interpretation of result

Positive result: A positive result is represented by the formation of a purple-colored ring
at the junction of two layers. This indicates the presence of tryptophan-containing
proteins.

Negative result: A negative result is represented by the absence of a purple-colored ring
in the test tube. This indicates the absence of tryptophan-containing proteins.




F. Lead sulfur test

1. Intwo separate test tubes, place 2 ml of sample solution
add 2 ml of 20% NaOH and boil for a minute.
2. Cool it and add a drop of 20 % lead acetate solution.
3. Observe the formation of black lead sulfide precipitate.
Note: Carry out this test in the hood if possible.

Positive test: Formation of black precipitate indicate the presence  *“ <

of sulfur-containing amino acid. Hack Lend |
Negative test:@ formation of black precipitate indicates the '
absence of sulfur-containing amino acid.

G. Nitroprusside test:

In two separate test tubes, place 2 ml of sample solution.
Add 0.5 mL nitroprusside solution and shake thoroughly.
Add 0.5 mL of 20% Sodium hydroxid .

Observe the color change.

N e

Result interpretation

Positive test: Formation of red color indicate presence of {ysteine.ﬂ
Negative test: No formation of red color indicates absence of
cysteine.
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Experiment 5
Quantitative Determination of protein concentration by Spectrophotometry

— To detect, quantify a particular type of melecule | it is necessary to have a method or procedure for

measuring it .
sl ey | ol gyl load s o saa Bl e s a8 spaadis e giadl e g o RSN

— This procedure is called an * assay " an example of which is Spectrophotometric gssays .

- The purpose of the protein assay ( quantification ) dayll esd s agll o a8l
is to determine the amount or concentration of a specific protein
or an array of different proteins in a sample . e b ddlesa Dlidyy Eogams g

¥ Isolating & detecting protein ... used for many clinical { &l Zllaall Jand
research processes (wi=Jl Zlla2ll ) orin a clinical laboratory as part of a disease diagnosis
sosall jeusai ge elins Gl Slalall 8 gl
{ to quantify loss of protein, level of certain enzymes ar antibodies ) .

—+ There are many different types of protein assay, and variations upon the major technigues .

Here we provide a simple overview of colorimetric reagent protein assay .

: spectrophotometry ! ilgdl
. spectrophotometeric assays Jb ewd i molecules ' 1510 juld ¢ selay

Canall 35 pa ol i jags cod e 3wl jlgall 5,58
sgall ya elie plasel ¢ laerw aileg molecules 3 &8las alga e 83lie o 2l Aol aygie e 2Tl i)l s
- ( transmitter light Jb ewo 23l gylsdl egall W@hls i ymag o 14l]

W wave ! shae energy wave 4l £ aslall fight Il g Jalesd! e 3
( nanometre =10°) oc 23le 0329 Lnm i3 puldis Lambda Jb 4 pei  =se |5k

. absorption Jk el 232 e photon Y essll o d8lall Tlawl 50 5y
I'___lr._m_a_\?_a_l" o a3all lgalarals, 2aall n,_."DI-'":"-"_"J E_‘.j_.:._uj L‘T.:_-,-_'l‘s' molecules 2 i.ilasS J|gﬂ&l“;5@ 55_:_..__'\1'|;|-j__a|._.1 L5 1S
- oslall 03 ddlnsSllg B0l Lpailas

coeto (xee ol ol wavelength Jle coddl muany jadyy srgses Ui asla )5 ey -
strongest photon / wavelength J 8] ;55 22lalls
. Lambda max JU _asd wavelength JI gleg

U_llj Reageﬂi gl a_._llﬁ pole w@edn yaE: all=!] cldy Ml_l cdladh coic aalall 055 fSas | e -
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protein or carbohydrates or lipid /5 =ls= Biochemical assays for biomolecules ' 5 %! 4
. ultraviolet - visible spectrophotometer ! e wazmsy dslally

" UV spectrophotometer JU saxd 230l 5l ultraviolet - visible spectrophotometer I pasuis Uy pagll Lz oy "




lgad xgall gkl o from 100 to 400 nm (extends) <= Range for UV normally I
. from 400 10 800 nm { approximately) L visible range

Violet color J! ey 455 800nm ! 22 400nm sl Jobally palog sas sl el o e

wrtests ( Collimator Lens ) gases dwae M5 e cve epdll o s all Jlasdl e 8 Lo g5
sl - ol agill Lles Lo laay Ml ( Prism or grating ) o¥a! jgdsall b (ol sole1 Monochromator ) gasall = gall
A @ Visible range ) el ial 113 sz sl gl sz yall

Lambda max &) ¢ bl b8l ade i U 1 oo gall Jabadlagasy gl b maue jlgsdl
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Spectrophotometry :
A spectrophotometer is an instrument ( 3Ll ) that measures the amount of photons ( the intensity of
light ) absorbed after it passes through sample solution.

With the spectrophotometer, the amount of a known chemical substance (concentrations) can
also be determined by measuring the intensity of light detected .

Light is often treated as energy wave @8l dxga @il Ll 254l ga Jalesll axy la L2
The wavelength is expressed by lambda A . And measured in nanometre = 10 -* m

The transfer of energy from a photon to a molecule is absorption.
Light absorption may result directly from the intrinsic chemical properties of the molecules of
interest .

Alternatively U3 %1y, they may occur indirectly as a result of treating the molecules of interest
with other compounds which react with them to create new chemicals that exhibit absorption .

The wavelength at which a substance
has its strongest phaton absorption { highest point along the UV spectrum ) is called Lambda max (
A max ).

Bicchemical assays for biomolecules are usually based on absorption in the UV or visible region .
In this experiment we will use the ultraviclet-visible spectrophotometer (figure 1),

the UY range normally extends from 100 to 400 nm,
with the visible range from approximately 400 to 800 nm ( red to violet wavelength range ).




Figure 1: Collimator Wavelength Selector Detector
(Lens) (St (Photocel)
Components of
spectrophotometer N
oags L HR
' Digital Display
Light source Monochromator Sample or Meter
(Prism or Grating) Solution
(n Cuvette)
Beer-Lambert Law o

D Jalge G lesisd g8 (Geslezadll) fume oo sk é] sas. poall cgall Ldlas il sl

The total amount of light absorbed at any particular wavelength (the absorbance)
is determined by three factors : N D PRI
(1) the absorption characteristics of the molecules of interest

(2) the pathlength or distance through which the light must travel

(3) the concentration of the absorbing molecule.
o e il bt 5 yluall Yk
LS o e gl

These factors are summarized in the following expression ,
which is called the BeerLambert law :

A= log107/It = ExCxL

Where A is the absorbance of the solution
|, isthe intensity of the incident light gas 153l egall
It is the intensity of the transmitted light
is the molar extinction coefficient
is the concentration of the absorbing solute
is the pathlength of the light

= o m

The concentration of the solute (c) is usually expressed in moles/liter (M)
and the pathlength of light (I) is expressed incm.

The molar extinction coefficient (E) is an intrinsic characteristic of each molecule at a particular
wavelength.

It is numerically defined as the absorbance of a 1.0 M solution of the molecule
of interest in a 1.0 cm light path .
Because E has the units of liter/(cm x mole) , absorbance itself is a parameter with no units .

The larger the value of E, the more a compound absorbs at a particular wavelength .




The equation for Beer's law is a straight line with the general form of | Y

mx +b

Beer's Law :

A=(EI)C

y=(m)x + b

The general form :

where the slope=m = (El)

In this case , the absorbances of different concentrations of a standard substance is plotted against
their concentrationsto generate a standard “ calibration " curve.

A calibration curve ( a standard curve) is a general method for determining the concentration

of a substance in an unknown sample

by comparing the unknown to a set of standard
samples of known concentration ( for protein assay,
sugar assays , and various types of assays ).

You can find the slope & y-intercept of the linear graph

to get the linear equation .

By measuring the absorbance of the sample of unknown concentration ,
you can apply it to the equation to find the concentration ( there is an example afterward ).
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Calibration curve of absorbance against
concentration using Beer's Lambert law.
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¥ the Beer's Lambert law [}

Because at zero concentration , there is no compound dissolved in solution, Jgadll, i Lilis
and the spectrophoctometer is zerced using the blank before taking the measurements .

Theoretically the Y-intercept should be zero for the Beer's Law Plot ?

chadoll ilida Aoy pia g
Slabal 1s] 18 blank I alaszel Soall
All light absorption measurements are made relative to a blank solution which contains all the
components of the sample solution except the substance being analyzed
But practically , you may have y-intercept,

e g3 blank solution J! ! feall cpall olazsl Slulsd mas clis| ax
el lET L) S 0B e 81 Lo ey 2l Balall slisnialy drall | Jglos DlgSa puax

if the plot is not linear or if the y-intercept deviates substantially from the origin, it indicates that the
standards were improperly prepared , that there is an unknown interference in the sample .

ol ety il L Lol e 38 IS By y plolad IS 3] gl Llas bl ] oSl 13
el 4 Bgyae sk (interference ) dalwdla ) dovon 1e il syuladll o

If we have two concentrations of the same solution,
then they have the same molar extinction coefficient (E) ,
and the length path (1) is 1 cm in most spectrophotometers .

g fgSamd i Jolonall el e 15857 oal His 1|
Jsk=a . molar extinction coefficient (E) JI e
el el pold Biga] plina 8 a1 g (]) olual]

A= (EI)C
(EI)= A/C

= Ex | { 1st concentration ) = E x | { 2nd concentration )
= ET1=EZ
= A/C1= A/C2

Therefore the absorbance / concentration relationship
can be applied using the same linear equation we got for the standard .

Example £,

A calibration curve was generated for a set of standard concentrations ( mg / ml ).
The slope for the line is 0.13 and the y-interceptis 0.018
o= Cal
using beers law ,
calculate the concentration of an unknown sample, given that its absorbance was 0.5

5"09{ =m - [Fab ol o §
y =(m) x
’ ¥— intercept = o = =003
A=ENC ’
obsorlance = Y = o-5
C= ¥ 2 skandaerd Eoncenbrabion - 71 me_:l Joml)
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- 0.0l3 - folE
o-49%92 - o.d3 x X
XK os __OMBA o m.343 vy /il
O‘!3

Colorimetric reagent protein assay

These assays are useful to quantify the amount of protein in a given sample .These are fast and easy to perform,
and do not require complex or hazardous chemicals .

Inthese assays , a reagent that specifically absorbs a specific amount of light is attached to a specific protein ,

and then the amount of light is measured .

Two main types of colorimetric reagent protein assay :

[1] Copper chelation and detection of the reduced copper
Bicinchoninic acid (BCA) assay
Compatible z3l=e with samples containing detergents
Incompatible s#ss w2 With reducing agents ; chelators
Assayrange : 20 to 2,000 pg/mL
sample volume @ 25 pL
Incubation time &lasl s & temperature | 30 min at 37°C

Assay measurement (absorbance maximum wavelength -k max) : 540 nm

[2] Protein - dye binding and associated colour change
Bradford ( Coomassie dye )
Compatible with samples containing buffer salts , metal ions , reducing agents , chelators.
Incompatible with samples containing detergents.
Assayrange : 100 pg/ml - 1,500 pg/ml

sample volume ; 20 L




Incubation time & termperature : 5- 10 minutes at room temperature
samples should not be incubated longer than 1 hr at room temperature,

Assay measurement ( absorbance maximum wavelength -A max ) : 595 nim

W Bradford assay principles

Use of Coomassie G-250 Dye in a colorimetric reagent for the detection and quantitation of total protein was first
described by Dr. Marion Bradford in 1976. ltis a colorimetric , spectrophotometric quantitative assay to measure

protein concentration.

B Chemistry of Bradford , Coomassie - based protein assays
In an acidic environment , proteing bind to coomassie dye . This results in a spectral shift from the brown form of the
dye to the blue form . The optimal wavelength to measure the blue color from the Coomassie dye-protein complex is

595 nm.

Development of color in Coomassie dye-based protein assays has been associated with the presence of
certain basic amino acids-primarily arginine, lysine, and histidine in the protein .

Van der Waals forces & hydrophobic interactions also influence dye-protein binding .

The number of Coomassie dye molecules bound to each protein is approximately proportional 1o
the number of positive charges found on the protein .

P P TN | 1ol 3 5
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Free amino acids , peptides, and low maolecular weight proteins do not produce colar with Coomassie dye reagents .
In general , the mass of a peplide or protein should be at least 3,000 Dalton for quantification with this reagent.

#3000 g M Epaall A s sl gl Dae ) el pid 9
Epwgal” finall leses Basic amina acids J1 sl

Bovine serum albumin (BSA)

which is used to generate the standard curve has a molecular mass of 66.5 KDalton and is used
because it is widely available in high purity and it is inexpensive .

Figure : Reaction schematic for the Coomassie dye—based Bradford protein assays.
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The main disadvantage of Coomassie based protein assays is their incompatibility with
surfactants/detergents at concentrations routinely used to solubilize membrane proteins.

In general , the presence of a surfactant in the sample, even at low concentrations, causes precipitation of the
reagent.

In addition , the Coomassie dye reagent is highly acidic, so proteins with poor acid - solubility
cannot be assayed with this reagent.




Experimental procedure:

Eppendorf
Materials

- Unknown sample : :
- Micropipette (P-1000, P-20) i3 (3
- Tips ll\ \I/ |
- 6 Eppendorf’s \/ -

- Cuvette

- Distilled water p
- BSA standard 5 (125 pg/ml) I [ ‘
- BSA standard 4 (250 pg/ml) 4
- BSA standard 3 (500 pg/ml) ‘
- BSA standard 2 (1000 pg/ml) =4 [ o (HEE)
- BSA standard 1 (1500 pg/ml)

- Spectrophotometer

il

Cuvety

Method 0, =%
1. Label each Eppendorf with the concentration of the standard/ ' A
sample on the cap or the lateral side. Then: =3 ,

z) Add 20 plof each standard to 1000 ul Bradford reagent in an L= N »
Eppendorf and mix by flipping upside down (do not shake @&

vigorously and cause bubbles, it will interfere with your T—__ _ \ '\;,_{

measurements). R S B

Assay range (sample volume), 100 pg/ml-1,500 pg/ml (20 uL).
Ration of sample to Bradford reagent is 1:50 j;-z;?-flf =
(20 pl sample: 1000 ul Bradford reagent)

e
Tt [T

Eppendorf Bradford reagent | Standard/sample

1 1000 pl 20 pl standard 5 (125 pg/ml)
2 1000 pl 20 pl standard 4 (250 pg/ml)
3 1000 ul 20 pl standard 3 (500 pg/ml)
4 1000 pl 20 pl standard 2 (1000 pg/ml)
5 1000 pl 20 pl standard 1 (1500 pg/ml)
6 1000 pl 20 ul Unknown sample

2. Incubate for 5-10 minutes at room temperature.

3. Switch the instrument at least 5-10 minutes before use to allow it to stabilize. @

4. Select the L max. e

5. Place the blank solution (or water) in the cuvette, so that the instrument is @
zeroed.

- Make sure the clear faces of the cuvette are in the light path and that the
outside of the cuvette is dry and clean.
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- Handle cuvettes onkl by the top edge of the ribbed sides (finger print affects |
the measurement). All solutions should be free of bubbles, =

R —
A
SPECTROPHOTOMETERS
| N ! = ' iz f o
: i T L Phamnr b
Y Y N ps e S
s uete Y1
OO feTpeaiure, b A
6. Place the sample (standard/unknown) in the allocated place in the, +

spectrophotometer.
@ 7. Measure absorbance of standards and unknowns at 595nm, using water as a,
blank (when measuring by spectrophotometer, use 800 pul of the

i
d
sample/standard or more 1n plastic cuvettes, using less volume will result in bad /

absorbance numbers- sample cuvette must be halt/two third full) _— — ——_~
8. Measure absorbance of the unknowns at 595nm similar to standard procedure.

9. Record your measurements.

T o

S

» For standard samples: you can use one plastic cuvette multiple times without
| cueme fussl i washing if you work from low o high concentration. Otherwise, you must use
il et i se to get the blue out.

552l i 5] b
Ml ] sl L W 4
ctvette dases e oy > 1f your unknown colour is more intense than the higher standard, you should
Jdesigina 5 s dilute it in waters It is advisable to make several different dilutions of your,
e unknown sample (I'in 2 or T in 4 dilufion) so fhat if falls within the sfandard”
range of the assay. When analysing the data, you have to multiply thei
b sl sy CONCENtration you got after dilution with the dilution factor:
e highes siandend 4> concentration of the unknown= concentration after dilution x dilution factor.
r ) 3 2Adad ol ulyle ;
P ;ﬂ."_;;;> YOU DO NEED TO RUN STANDARDS EVERY TIME! The reagent’s
unknown sample J o+ response will change even after one day.
(ol a1 gl 2 1)
gl Bl s 35 2y
L g alemall

Data analysis:

|

. . . 2
Draw a standard curve, and find the linear equation for your curve, R” value, and
calculate your unknown concentration.

* Create a calibration/standard curve graph of bovine serum albumin (BSA) protein
concentration vs. absorbance using Bradford method.

N/
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1. Enter the recorded measurement you obtained in the lab as in the image below,
then click insert, choose scatter and click on the second option (scatter with
smooth line and marker).

2. Double click on the line generated and choose the +, choose trendline, and then
click on the linear option, then more options

3. On the right panel click on: Display equation on chart and display R-squared
value on chart. R? value should ideally be above 0.9.

4. Edit y and x-axis and the plot title,
5. Print the form and submit it with your report. From the absorbances of the
unknowns, find the protein concentration using the linear equation generated.
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Beer's Plot
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Abscrbance
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y =0.0006x + 0.6258
R*=0.9767

800 1000 1200 1400 1600

Concentration microgram/ml

Unknown absorbance = 0.978

y = 0.0006x + 0.6258 , R2=0.9767

0.978=0.0006x + 0.6258
0.978-0.6258 = 0.0006x
X= 587 microgram/ml
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Experiment 6
Isolation of casein from milk and its evaluation

Milk is the most nutritionally complete food found in nature .

All kinds of milk , human or animal , contain vitamins ( principally thiamine , riboflavin, pantothenic
acid, and vitamins A, B12,and D), minerals ( calcium, potassium, sodium , phosphorus , and trace
metals ), proteins ( mostly casein ), carbohydrates ( principally lactose ), and lipids ( fats ).

The amounts of these nutrients present in different types of milk differ greatly .
Cows milk & goats milk are almost identical in every respect .

Human milk contains less than half of the proteins and minerals of cows or goats milk
, but almost 1.5 times as much sugar.

Casein the main protein in mammalian milk ,

is a phosphoprotein, meaning that phosphate groups are attached to the hydroxyl groups of some of
the amine acid side - chains .

Casein exists in milk as the calcium salt , calcium caseinate .

> The negatively charged phosphate groups are balanced by positive calcium ions and are
responsible for the high nutritional calcium content in milk .

CMCH;)“ O ‘C";’.N"'v
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= Almost all essential amino acids are found in casein protein in high proportion .

Imino
= It contains a fairly high number of proline residues , which do not interact .
There are also no disulfide bridges . D AN
As aresult, it has relatively little tertiary structure . .“’N—_ C il
HC.. _CH,
CH;
Proline

» Amino group of proline is found in a ring ( immino group ) preventing free rotation
and thus limiting the formation of tertiary structure .




Calcium caseinate is actually a mixture of at least three similar proteins
which differ primarily in melecular weight and the amount of phosphorus groups they contain .

Alpha - & beta - casein have molecular weights in the 25,000 range
and possess about 9 & 4-5 phosphate groups per molecule , respectively.

They are both insoluble in water .

Kappa - casein has a molecular weight of about 8,000 kd
and possesses 1-2 phosphate groups per molecule .

It is responsible for solubilizing the other two caseins ( alpha & beta caseins ) in water
by promoting the formation of micelles.

» Casein protein is found in milk as a suspension called " Casein Micelles ”.

e fa a0 wdes casein micelle pe &l 23l B4 surfactant micelles b 2l ol S0lad] J 28l 8

& ( casein micelle Jl g3 ey e surfactant micelles B ol ejadl il e}
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Casein micelles show only limited resemblance with surfactant - type micelle
in a sense that the hydrophilic parts reside at the surface and they are spherical .

However, in sharp contrast to surfactant micelles , the interior of a casein micelle is highly hydrated .

The caseins in the micelles are held together by calcium ions and hydrophobic interactions .

Casein micelles are considered as colloidal particles formed by casein aggregates wrapped
up in soluble K- casein molecules .

The outer surface of the micelle are rich with k- casein, has protruding hairs of negative charges
which induce a steric repulsion between micelles , thus preventing them to coagulate and hence
stabilizes the milk.
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Casein and pH @ o orcin ¢ 0 @ e

At high pH , casein will have a net negative charge due to ionization of its acidic side chains (- COQ - ).
Because casein is ionized at high pH values , it is soluble in dilute sodium hydroxide solution .




) Casein is readily dispersible in dilute alkalis and in salt solutions such as sodium oxalate
and sodium acetate .

CH(CHy) 0 (CHJNH,
I " I
c

CH CH
N
H:N/ \c/ \cn/ Ny \C/ CH/ \o

|
0 CHLO; L CH0PO,*

oOo==0

At low pH, casein will have a net positive charge due to protonation of its basic side chains (-NH3+).
Because casein is ionized at low pH values , casein is also scoluble in strongly acidic solutions .

CHICHy), 0 ¢TH.'J“4:' 0

CH f !:I CH !:l
w N N \u/ \ﬁ/ \CI"/ N
(|3| <|:“:C0:N 0 CHLOPOH;

At intermediate pH values, casein will contain an equal number of positively and negatively
charged groups and the protein will have a net charge of zero .

Casein is insoluble in neutral solutions because it is not charged under these conditions .

CH(CHa), 0 (CHg)4NHg* 0
CH “ !:' CH n !:I
P NP ONG
N \cl/ cH \u 3 ﬁ o™ NoH
0 CHCO.H 0 CH,0PO.2}

The sclubility of a protein is usually at a minimum at its isoelectric point (1P ).
The isoelectric point is defined as the pH at which a protein has a net charge of zero .

For casein, due to the attached phosphate groups , the isoelectric point is close to pH = 4
[ranges from 46 - 48 ].

{ Casein isolation )

Since milk's pHis 6.6 ( which is higher than the isoelectric point of casein )

, 50 casein has a negative charge in milk ; which induce a steric repulsion between micelles, thus
preventing
themn from coagulation and hence stabilizes the milk .




To precipitate the casein — acetic acid is added dropwise until the isoelectric point is reached .

Note : if excess CH3COOH is added the precipitate redissolves .

MO, 0 CHIAM" 0 CHICH,), 0 (CHg N, 0 CHCHi 2 e 2
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0 CHCOM v CHOPOH, ﬁ l,‘w,.. 0 CHOPOY? KOH 0 CHED; 0 CHOPO,
IP=4.6-4.8 &
pH<IP P pH>IP
Insoluble N,
Soluble i | Soluble
(precipitate) -
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Casein is insoluble in ethanol which is a property used to isolate it from the unwanted fat .
Unlike many proteins , casein is not coagulated by heat . Salpadly bl AR, Sl e aaall e e

Ether is also used in casein isolation to remove impurities & to remove any traces amounts of
remaning water ( drying ).

< Casein has many uses including )5l Slelaswu| >

< Paint >
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Casein paint is a fast - drying , water - soluble medium
used by artists since ancient Egyptian times as a form of tempera paint,

and was widely used by commercial illustrators as the material of choice until the late 1960s when,
with the advent of acrylic paint, casein became less popular.

_Glue
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Casein - based glues , formulated from casein , water, hydrated lime and sodium hydroxide
were popular for woodworking , including for aircraft .

< Cheese making_>

Cheese consists of proteins and fat from milk , usually the milk of cows%g , buffalo’m ,

goatss , or sheep ‘.
It is produced by coagulation of casein .




Typically , the milk is acidified and then coagulated by the addition of rennet bl «Lasll o zised 8ls
J==ll | containing a proteolytic enzyme , typically obtained from the stomachs of calves .

The solids are separated and pressed into final form .
During the process of clotting , milk-clotting proteases act on the soluble portion of the
caseins, K-casein , thus originating an unstable micellar state that results in clot formation .

When coagulated with chymaosin, casein is sometimes called paracasein .

Chymosin is an aspartic protease that specifically hydrolyzes
the peptide bond in Phe105 - Met 106 of k- casein, and is considered to be the most efficient protease
for the cheesemaking industry .

Calf rennet , which consists of over 90% chymosin , is commonly used in
cheese industries for the curdling of milk .

Whey protein = watery substance = milk serum

British terminology , on the other hand , uses the term caseinogen for the uncoagulated protein

& casein for the coagulated protein .
As it exists in milk , it is a salt of calcium .

Cow's milk ' |4 contains several proteins . Casein is one of the major proteins - around 80%.
When casein is removed from milk , the remaining proteins are known as whey proteins 20%.

Whey is a watery substance ( milk serum ), It consists of several globular proteins ( beta lactoglobulin
alpha lactalbumin ). Casein doesn't have a good tertiary structure .

Further whey contains lactose , vitamins and minerals in contrast to casein ;)5 wSe e

<Protein Siupplement>

An attractive property of the casein molecule is its ability to form a gel or clot in the
stomach , which makes it very efficient in nutrient supply .

The clot is able to provide a sustained slow release of amino acids into the blood stream , sometimes
lasting for several hours .




Often casein is available as hydrolyzed casein,
whereby it is hydrolysed by a protease such as trypsin .

T '| s -

Hvdrolysed forms are noted to taste blttet and-such supplements
are often refused by infants and lab anln'Lals in favour of intact casein . .../ :

| '

Gastrointestinal pH

i, esophagus
pHaS-7

stomach
pH=2-5

—— e P C— duodenum
B Fal pH=6.8

Procedure:
Material:
1. 100 mL of Milk (10% w/v)

Acetic acid (CH3COOH) (10% v/v), dropper.
Ethanol (95%v/v) (flammable) o=z
Diethyl ether (highly flammable) — wwes oy oo
Thermometer 100°C (ethanol or mercury thermometer).
Hot plate.
Graduated cylinder.
Beaker.
Volumetric flask.

. funnel

. Spatula.

. Glass rod.

. Muslin cloth

. Filter paper

. Watch glass.

SONCORSIR RN
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Method:

1. Weigh an empty 250 ml beaker,then place 100 ml of milk and weigh the milk

2. warm the milk to 40°C on a hot plate.

3. Once temperature is reached, remove the beaker containing milk from the hot plate
and start adding acetic acid slowly (drop by drop) to the milk while stirring with a
stirring rod.

Note: never transfer the acetic acid all at once.

4. keep adding acetic acid drop by drop until milk clots starts to form and the casein
in precipitated (~2 ml CH3COOH). This point means that you have reached a pH
of 4.6-4.8

5. . Leave to stand for 5 min and filter/decant through{muslin cloth|(y0u may need to
wait for 10-15 minutes for the filtration to be completed).

6. Collect the casein precipitate and transfer into a beaker using spatula. And suspend
the precipitate in 50 ml mixture of equal volume of ethanol and ether (1:1), mix by




glass rod so that the extra fat may come down to the solvent system. Note: Be very
careful not to spill the precipitate.

7. filter the precipitate again using filter paper. Wait until the solution is totally
filtered.

8. Once all the solvent has been removed from casein. Remove the powder and spread
out on a watch glass (or petri dish, weighing boat) until it is completely dry (usually
overnight).

Note: label your watch glass/weighing boat with your group name and section
number.

9. Weigh your sample and calculate the percent yield you obtained (Normal Range 3-

5 %)
gram casien x

0, N —
Jocasein G ams o X 100

5

%casein = 105 X 100

% casein= 4.7%
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Xanthine oxidase with allopurinol-IC50 protocol

Xanthine oxidase (XO) is a form of xanthine oxidoreductase, a type of enzyme that generates
reactive oxygen species. These enzymes catalyse the oxidation of hypoxanthine to xanthine and
can further catalyse the oxidation of xanthine to uric acid. These enzymes play an important role
in the catabolism of purines in some species, including humans.

Purines A
’

NH, ?_ \>=0
0 4 i T:‘ N
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The following chemical reactions are”careﬂyzed‘bymdfrrre—ovddzwrl
w95l Jall 0o pge poiaS Jamn

o el e oxygen derved free radicals Y
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hypoxanthine + H20 + O2 4 xanthine + H202
xanthine + H2O + O2 4——= uric acid + H202

L
Xanthine oxidase (XO) serves as an important ok i > -;'4
biological source of oxygen-derived free radicals that Lt iy /,, ”_,}:
contribute to the oxidative damage of living tissues. jo
Fre€ Radical j are atoms or groups of atoms that have a e 1l e
“single unpaired electron. They are unstable molecule
that is made during normal cell metabolism. Free
radicals can build up in cells and cause damage to other 1 OXIDATIVE
molecules, such as DNA, lipids, and proteins. This /~ STRESS
damage may increase the risk of cancer and other /
diseases. ‘ ) \"j
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XO is involved in the medical condition known as gout, Wthh is \
characterized by hyperuricemia that leads to uric acid deposition )
in the joints resulting in painful inflammation. Hyperuricemia,
which is present in 5-30% of the general population, seems to be
increasing worldwide and is considered an important risk factor
in serious disorders, e.g. renal failure.
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| Uricosuric drugs‘which increase the urinary excretion of uric acid, or|XO inhibitors which block
the terminal step in uric acid biosynthesis, can lower the plasma uric acid concentration, and are
generally employed for the treatment of gout.

CAllopurino-l:[is an inhibitor of XO and used clinically in the treatment of gout as well as [febuxostat drug)

[_:|ﬂl'|i[:.‘§ll|3f'L_l_le:==va pacmayy X0 U Byia 32 Allopurinol M
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Assay procedure: et gle 55 e

1. The xanthine oxidase activity will be assayed using xanthine as substrate and utilizing
Jqfie— 4 aplate reader.

2. Ina 96 well plate, add 50 ul of allopurinol (concentration as written in the table), 95
ul of TX Phosphate buffer and 50 pl of xanthine substrate (0.6mM). (Final volume per
well is 200 pl) (prepare the blank and enzyme only wells as per the numbers in the

table below)
Well no. 1 2| 4 3 4 5 6 7 8 9
T el

o Phosphate 150l 145pl 95 ul 95 ul 95 pl 95 pl 95ul 95ul 95ul
Buffer
Xanthine 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50pl 50ul 50pul
substrate
(0.6mM)
Allopurinol | = | - 50 ul 50 ul 50 ul 50 pl 50 pl 50 pl 50pl

40ng/ml | 400ng/ml | 2ug/ml | 6ug/ml | 40ug/ml | 50ug/ml 100ug/ml

Xanthine | - 5ul 5ul 5ul 5ul 5ul 5ul Sul Sul
oxidase
enzyme

3. Preincubate for 10 min at 25°C

4. Start the reaction by the addition of 5 pl ml of XO enzyme (0.1U/ml in phosphate
buffer).

S. ‘ Incubate the reaction at 25°C for 30 min and measure the absorbance against
phosphate buffer as blank at 295 nm using Biotek plate reader.|
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6. Select the xanthine oxidase protocol from the software and make sure the settings are
correct and validated (set the plate layout according to the wells used)

Calculation

Calculate % inhibition for each concentration of allopurinol using endpoint absorbances.
Make sure to blank out your Absorbance reading-by subtracting the absorbance of blank.
(show your calculation): 5

A13A (blank)

= [ Y%oin ibition = 100 — |

|
—dt |
i A—A (blank)] *100

Where Al is the activity of the enzyme in presence of plant extract, A is the absorbance in
absence of the plant extract (activity of the enzyme alone).

CFor example; allopurinol (40 ng/ml = the final conc. in the well is 10 ng/ml as the inhibitor
is diluted by 1 in 4 in each well) and the % inhibition is calculated as follow
Blank Abs=0.18075, A =4.473 and A1=2.4159.

Well no. 1 2 3 4
Phosphate Buffer 1504l 145ul {95 pl 95 pl
Xanthine substrate |50 u! S0l {50ul S0 ul
Allopurinol e e 50 pl 50l

40ng/mL |400ng/m

S

Xanthine oxidase = |----- Sl Sul 5ul
enzyme
Final allopurinol Zero
concentration per
well.
Absorbance {30 @ M}{'ﬁ e LR
iR 01807 |4.473 |2.4159
%inhibition
47.92

%in ibition = 100 — [ 2**°7%1%7%1 4 100

4.473 —0.18075

=100 -52.07
=47.92%




Draw graph using excel, by following the steps below:
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How to determine the IC507?

IC50 is the half maximal inhibitory concentration

*  For example: maximum inhibitory concentration was found to be 97% as in the table below:

well ne. 1 2 3 a 5 [c 7 8 9
Allopurinol final

concentration

(ug/mil) 0 0.01 0.1 0.5 1 10 50 100
Inhibition 0 & 16 32| 68| 76, 90 97

* Then IC50 for this example will be the concentration which gives an inhibition value of 48.5%

Apply the value on the equation obtained

[ 7 +
o | =10.547In(x) + 50.15

.
** 48.5=10.547In(x) +50.15

—
The Inhibaozy a

Ll

v« 305870 150,15

2
. _ E L ff = 0 0304
Ln(x)= 48.5-50.15 P
10.547
+  Ln(x)=-0.15644 ’
.
* X= 3—0'15644 2 o Jllﬂh prindt :'\.:*‘nz-r-r‘.sr-m”t. o
(niicragtanymi)
*  X=0.855181 pg/mlis the IC50 in this
example.
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* On calculator: press Shift|then - press

3269017.372

*  On excel: find the exponential function and open a
bracket then select the cell which has the number
and close the bracket again, press enter to obtain the

value.
Iovixy -0 15644 L -—
e
ket —_— In(x) . 20.156441 In{x) -0.15644
:f::_ —_—
LSt | X= 0.855181

NP OoNDET EXP(aumber)




Experiment 7

Xanthine oxidase with allopurinol-IC50

Student name: Section no.:

1. Group no.:
2. report mark/10
3.
4,
5. .lllllll../ 10
6.
7.

Objectives:

Results: Fill in the table below manually or using excel.

Well no. 1 2 3 4 5 6 7 8 9
Phosphate 150pl 145ul 95 ul 95 ul 95 ul 95 ul 95ul 95ul 95ul
Buffer o
Xanthine 50 pl 50 pl 50 pl 50 pl 50 pl 50 pl 50ul 50ul 50ul
substrate Uy
(0.6mM)
Allopurinol | - | - 50 ul 50 ul 50 ul 50 ul 50 ul 50 ul 50ul
40ng/ml | 400ng/ml | 2ug/ml | 6ug/ml | 40ug/ml | 50ug/ml 100pg/ml
Xanthine | - 5ul 5ul 5ul 5ul 5ul 5ul Sul Sul
oxidase enzyme
Final | - Zero
concentration a0 | pemy ;. whl 2. b 67. 63
of allopurinol R 2l
per well 25 =
(ng/ml).
Absorbance (30 | o e | 0.52 0.43 035 |03 0.19 0.17 0.07
minutes) o P N a i o o o -3
~|"0.02 =7 | 049 ' - A b il A
%Inhibition
& & 1% 2 4 Lty ' de a5
c. =7%
i
1. Calculate the final concentration of allopurinol per well (ug/ml).
Stock concentration
R - 02 Sl , 1'1.-'1-" [ r.u" LT
<2:40ng/ml : cas o doxle L g ete T Mmoo
.j:l"ﬁ'ft'?ﬁ:'I (o :
7 - fa = 1 =
ool = Bo = U=




g, = e
Y
U = G-j / L )Ll'i,.'_wl."wr‘rl_.
- 400ng/ml
o] £ = Co % D
[ f:’ - Z.I f’IfJ JLL'I.‘}“l "'III'H'I-"
- 2ug/mi: i
[-2% 2= > * L uL
L | SE‘,ZE \.."L"'J & II L
- 6ug/mil:
o = Cpox AD
(.= §-1873 Agimi
- 40pg/ml:
LA e ¥ = g X =l
cac ozl - sEL 6 :UJ’E“! Jral.
- 50pg/ml
Do # D s Cg x a6
e, = 256.EI5F J.L_gj,f.m 1
- 100pg/ml

Yo % ko = CL’.,:_G,LE

i

Coe 2E - &N MG Tl

2. Calculate the %xanthine oxidase inhibition for each allopurinol concentration (show
detailed calculation).

Allopurinol conc. (1):

a0 - | |
{60 —|f HE - 002 | ydee Y

Lo {JEJ L= o
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=G
=% inhibition =
190 (@43 = #82  Lqpey, . (o7 %L
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Allopurinol conc. (3)= % inhibition =
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Allopurinol conc. (4)= % inhibition = iz [ @
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Allopurinol conc. (5)= % inhibition = Jeo - | =% - 222 & oo
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3. Fill the table given above and plot the final concentration (i.e diluted) vs % inhibition and
determine the IC50 value (show detailed calculation of IC50).

(Print the figure with Y and X axis labelled and add it to the report)

4. From the figure shown below calculate the IC50 for this xanthine oxidase inhibitor?

The inhibitory activity of a plant extract (D) on xanthine oxidase

v o= 52.236 w5 ol BL
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"
e oxidise

e = iF H
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F 100
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- 0 { s S0 a0
5 A,J,;llg f(f :rj.f? : inhibitor {D) concentration

{microgram/mi)




Experiment 8
Qualitative determination of Carbohydrates

This experiment is intended 1o introduce you to one of the three major classes of macronutrients
found in food , carbohydrates .

To identify carbohydrates (sugars) as being polyhydroxylated aldehydes and ketones .
Mono or di or polysaccharides and their chemical characteristics |

You will also learn a variety of ways to categorize carbohydrates and several tests used in the analysis of
carbohydrates .

Carbohydrate is the primary source of energy for brain , retina :==! 452 94 and erythrocytes and so the

glucose concentration requires precise requlation that is accomplished by many metabolic processes and interrelated
with several glands and organs.

If any disturbance 2! k1 occurs to the glands or organs , a loss of glycemic control will occur which results in the
formation of a pathological state .

However , the diabetes mellitus is the result of glucose metabolism abnermality , and is often has different
causes , which include genetic , autoimmune and other causes .

All carbohydrates consist of carbon , hydrogen , and oxygen atoms and are polyhydroxy aldehydes
of polyhydroxyketones or are compounds that can be broken down to form such compaounds.

Examples of carbohydrates include glucose , ribose , fructose ( fruit sugar ) , sucrose (table sugar ), lactose ( milk
sugar ) maltose ( malt sugar ) , galactose, starch, and structural materials such as cellulose .

The molecular farmula for a carbohydrate can be considered as Cn (HZO) n ,where n is the number of carbon

atoms . Example , because its formula is C6H1206 , glucose was once thought to be a " carbon hydrate " with the
structure Ce6(HZ0)6 .

aldehyde
functional H 0
o, \(iﬁ’
2
"L"Fll"'m’—d. e, H—C —O0H
- \}'t.:"l-j I
W HQ === ===H Because glucose has an aldehyde
| functional group and several ~OH
H—C —0H (hydroxyl) groups, it is described
| as a polyhydroxy aldehyde.
H—C —0H
| CH,OH
CH,0H —0
HO—1—H
H—t—OH
Fructose has a ketone group , so it is considered a polyhydroxy ketone . H——OH




Classification according to Molecular size or Complexity :

A- Simple Carbohydrates often referred to as simple sugars or monosaccharides , contain one
unit of saccharide and cannot be broken down into smaller carbohydrates.
such as glucose, fructose, galactose , and mannose .

Monosaccharide can be also classified according to different factors as follow :
a. Classification according to Number of carbon atoms

1. Triose C3 sugars
example : dihydroxyacetone & glyceraldehydes .

2. Tetrose C4 sugars
example : D-erythrose,D-threose & D -erythrulose .

3. Pentose C5 sugars
example : nucleic acids ( DNA & RNA )
and coenzymes NAD , Ribose that is a structural element of

ATP

and flavor proteins : Arabinose, ribulose & xylose .

4. Hexose C6 sugars
example : glucose, fructose .

b. Classification according to Functional group

1. Aldose : sugars having an aldehyde functional group R-HC=0
example : glucose

2. Ketose : sugars having a ketone functional group R2-C=0
example : fructose

c. Classification according to Reactivity in Redox Reactions

1. Reducing sugars oxidized by Tollens' reagent or Benedict's or Fehling's reagents .
Examples are glucose, fructose, glyceraldehydes , lactose , arabinose & maltose .

2. Non-reducing sugars not oxidized by Tallens' reagent or Benedict's or Fehling's

reagents .

Example : sucrose, starch .




For example Juwall b Lo
Glucose is an Aldose { it contains an Aldehyde functional group } 2
& Glucose is also a Hexose { it containts six carbon atoms } H_?_OH
. HO—C—H
Therefore i, 4
Glucose is considered / classified as an Aldohexose , H 5? OH
because it contains six carbon atoms & an Aldehyde functional group . H—?—OH
‘CH,0OH
Aldoses Ketoses
(C3HgO3) Trioses Glyceraldehyde Dihydroxyacetone
(C4HgOy4) Tetroses Erythrose Erythrulose
(CsH400s5) Pentoses Ribose Ribulose
(CgH120g) Hexoses Glucose Fructose

B- Complex Carbohydrates

Those containing more than one group of saccharides are complex carbohydrates .

Through a process known as hydrolysis , complex carbohydrates can be broken down into smaller
carbohydrate units .

1. Disaccharides contain two units of monosaccharide, Hydrolysis can break disaccharides
into two monosaccharide units and lose one molecule of water .

suchas:
- Maltose two glucose residuesin 1, 4 linkages .
- Lactose can be found in milk .

On hydrolysis , it produces D-galactose and D-glucose.

it is a reducing disaccharide .

- Sucrose : Cane sugar (table sugar) or sucrose is a disaccharide of fructose and glucose .

2. Oligosaccharides have 3-6 units of monosaccharides, Oligosaccharides can be broken
by
hydrolysis into 3-6 monosaccharide units and lose one or more water molecules .




3. Polysaccharides (hundreds or thousands of units) , Polysaccharides can be broken into 7
or more units of monosaccharides by hydrolysis and one or more molecules of water can be lost

Suchas:

- Starch is a storage form of energy in plants .
It contains two polymers composed of glucose units: amylose (linear) and amylopectin (branched)

The complete hydrolysis of starch yields , in successive stages, glucose :
starch - dextrins -~ maltose - glucose

In the human body , several enzymes known collectively as amylases degrade starch
sequentially into usable glucose units .

- Glycogen is a storage form of energy in human and animals .
It !s a branghed po_lymer composed of glur_;-:}se units . 5oy sl 8 G5l 35 NS e 0 s
It is more highly branched than amylopectin . ceasl ol e bins sl ] jaSolodl Blisy o oS £ hne yalas 4l

glycogen is found as granules in liver and muscle cells . Crvlaallz a8l s B Dilgead Dusg e 5Slad]

When fasting , animals draw on these glycogen reserves during the first day without food to obtain
the glucose needed to maintain metabolic balance .

._rﬁ;'-"ﬂl ailed] s dbdleall il jeSalad! de Joasdl plake i Ja¥l ol B Blasdl e aSledl Je Slilgasd] sasmi aleall wis

- Cellulose is a structural polymer of glucose units found in plants .
It is alinear polymer with the glucose units linked through B-1,4-glycosidic bonds .

{ Qualitative tests for carbohydrates »

There are several difficulties in their qualitative as well as quantitative analysis when analyzing a
sample containing a mixture of carbohydrates |, particularly sugar .

These problems are attributed {o their structural and chemical resemblance , as well as their
stereoisomerism . A All aliSs . SleSls Sl ggilad ) SLaall a2 ghas

It is therefore necessary to determine, during biochemical investigations , whether or not a given
sample contains carbohydrates .

In order to establish the presence or absence of a sugar or a carbohydrate in a sample , several
rapid tests are available .

Such tests are based on specific typical color reactions for their group . The sensitivity of these tests
can be confirmed by using different concentrations of sugar selutions{ 0.1 - 1 percent ).




[A] General tests for carbohydrates

For all carbohydrates , whether free or in combined form , it is a group test . It is routinely used to
detect the presence of carbohydrates , despite its limitations .

In order to detect the presence of carbohydrates in a solution , the most common tests used are :

[ Molisch's Test ]

The response is based on the fact that H2504 concentrated catalyzes the dehydration of sugars to
form furfural ( from pentoses ) or hydroxvmethyl furfural ( from hexoses ).

ol (pentoses qa) furfural J52 Ll Slos sl cead debydration of sugars s H2S04 353 o Lo dmsedl | 8 Gl o¥l tane
Ahexoses 2] hydroxyrmathyl furfural

These furfurals then condense to give a purple or violet colored product with sulfonated alpha -
naphthol .

A +ve reaction is also provided by polysaccharides and glycoproteins .
. Sulfonated alpha naphthol == purple or violst colored produet sy L_.J‘a:_-;' ools goes clled pondense 2= furfurals Jsia @

glycoproteins Zos.l oluis iz polysaccharides ) ahulsy Loyl oy o +Ve Jeladls

The acid first hydrolyses it into monosaccharides, which are then dehydrated to form furfural or its
derivatives , in the case of the carbohydrate being a poly or disaccharide .

aiizaa ol furfural L) <13 an dehydrated Wiast e=a 215 . monosaccharides anbY ol N9 aoid _mas! hydrolyses s

CHO CHO . poly or disaccharide WS carbohdrate J! = 3,
I 1 OH
H—C—0H C
I Il —l
HO—C—H H—C i i iti
: vaEsa 1 o T M_ulls-::h test give a usa’qm result
H— C—OH C a-naphthol — (Purple or violet) with all carbohydrates ¢
| |
H—C—OH HO  y—c
| |
CH20H CH,0H
D-Glucose Hydroxymethyl furfural

[B] Differentiation test of Carbohydrates

[ Benedict's Test ] [1]

Benedict's test determines whether a monosaccharide or disaccharide is a reducing sugar .
To give a positive test, the carbohydrate must contain either a free aldehyde group or a ketone
group .

Benedict's reagent is an alkaline sclution containing cupric ions , which oxidize the aldehyde to a
carboxylic acid . In turn, the cupric ions are reduced to cuprous oxide , which forms a red precipitate .




Give positive result with all reducing sugar as glucose , fructose , lactose , maltose , galactose,

except <Lawl for sucrose & starch.

H 0 ;
\‘C‘// O\ #O + e
R Benedict's reagent R Brick-red
Analdose  (bluesolution) Carboxylate  Precipitate
anion
[ Barfoed's Test |- [2]

Consist of cupric ion in acidic solution (acetic acid). This test is performed to differentiate between
mono & disaccharide reduction .

Monosaccharides are more reactive reducing agents than disaccharides
and thus react in about 1-2 minutes , while it takes 7-12 minutes for the reducing disaccharides to get
hydrolysed and then react in the acidic solution .

Therefore, it is possible to detect the difference in property reductions .
It gives positive red pricipitate result with glucose and fructose and other monosaccharides .

[ Seliwanoff’s Test] [3]

This test is a keto hexose - specific timed colour reaction . It is therefore used for the differentiation
of aldoses from ketoses .

Dehydration is carried out in the presence of concentrated HCIl or H2S04 with resorcinol ,
ketohexoses to vield 4-hydroxy methyl furfural more rapidly than aldohexoses .

In addition , these furfural derivatives condense to form a red coloured complex with resorcinol .

It gives positive result with fructose . And in prolong heating it will give a positive result with
sucrose also due to hydrolysis to fructose and glucose , while other sugar gives a negative
result .

[ lodine test ] [4]

lodine forms color complex with starch , glycogen and dextrins . The color varies according to the
chain length and the size of the molecule .

Starch gives blue color, glycogen gives purple while dextrines forms red to colorless

complexes .

The complexes with iodine are very unstable . The iodine is readily removed from these compounds
by alcohol , NaOH , Na25203 or heating .
This indicates the weak interaction between iodine and these compounds .

polysaccharides J o bid complex 85 Beslis sugar )1 Y sadl 2304 3o jlassly
53 e cilndogg JE8 sl Jang egie a1y 6 ludes Starch, glycogen & dextrines | as Ve e Js




Practical part:

1. Molisch’s test:

Procedure

In a test tube, add 2 ml of test solution ( unknown)

=

|

Add 2 drops of Molisch’s reagent and mix by gentle shaking

|

Tilt the tube and carefully pour 1 ml conc. H2S04 along the side of
the tube (no mixing)

o
.
|+

Violet ring at the junction of the two liquids indicates a positive

result. _
Sl PRV NS | RO RIEPRY Y. S PR TH | P B PPN [ EIEN [T EY

Note: The appearance of purple or violet ring confirms the presence
of carbohydrate.

Interpretation: The formation at the junction of two layers of a purple or violet ring or zone

indicates the presence of carbohydrates. Apiisy g el gy | dibing gl ditls J500
cl e g Bl sg g I d Speale alelE e

Precautions: .
i+ fresh osfh ol e sfzes f @lpha-naphthol Jsles

(i) The solution of alpha-naphthol is unstable and should be made fresh.

(ii) Conc.H2S04 should be carefully added along the sides of the test tube, causing the contents of
the tube to be minimally disturbed.

2. lodine test:

1. Totwo ml of your test solution ( unknown), add
few drops of diluted HCI

Add 2 drops of iodine solution

A blue color indicates positive result

Heat the colored solution and observe the

disappearance of the color

(ol Pl Lo

lodine test give "+ result ( blue color complex) with starch as a/

polysaccharides. e P
e (RS LT
pen T T " o~
F e T T Batlom] gt e Joa gl o5l (3
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3. Benedect’s test el 5 Sl €l ol e85l a Syt e I5lased

In a tube add 5 ml of benedict reagent

. . .\SIS.HLFJ.IJJI_:LA_J_;JJI_:Q.GB:;.EJ-}IN
Add 8 drops of your test solution (unknown) and mix o g Al e
Heat the tube in boiling water bath for 5 min
Positive result is indicated by the change in color or the formation of a precipitate
yellow to brick red color, depending upon the conc. of the glucose or reduced sugar
in the solution.

| | N =

il leas e Byl oyl laales b jLasdl il 2o 3

4. Barfoed’s test
1. Add 1 mL of the test solution (unknown) to a test tube.
2. Add 5 ml Barfoed’s reagents to test tube and mix

3. Place the test tubes in a water bath and observe the time when a precipitate
appears.

sl Cdlge gl gLl B salaMlaplsall b I3t s sma M ERE A el gl s
Thin red precipitates indicate the presence of a reduction of monosaccharide at the bottom or
sides of the tube.

018 Sira i Warsandascorva

Lactose. Sucrose EFHctose

.
\ =REEE o

SR —ut DL & ye —ue

Positive Barfoed’s test for monosaccharides: glucose, fructose.

will respond to this test as well. aagel il ol 8 4 ot ] A8 o 5258 el B A i S
(B
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5. Seliwanoff’s test

1. Add 1 mL of the test solution (unkown) to about 2 mL of » e
the Seliwanoff reagent I,
2. Heat the test tube in boiling water bath for 10-20 min : }?
or just heat to boiling. il
A positive reaction is indicated by a deep red color and formation of
brown precipitate.
_h’he presence of ketohexose indicates the appearance of a red colour
(fructose).
e .'
bl i ity 5l 220 2010 Baad s pilaples g8 slasdl gl 3 2
e — __]._m; '_'a'..nLlU' pres| J_gm L:.‘.‘—L'L ] ‘_.F:'_'I-\_lﬂ| ,_:.d-.é.'k.” |_|!| alat
(agmlal W5 e) el ol apgls ] ketohexose sem s sais
Summary
Biochemical test Glucose Fructose | Maltose Lactose | Sucrose | Starch
Molisch Positive Pasitive Pasitive Pasitive Positive | Positive
Benedict Positive Positive | Positive Positive Megative | Negative
Barfoed Positive Positive Megative Negative | Negative | Negative
Seliwanoff Megative Pasitive Megative | Negative | Positive | Megative
lodine MNegative Megative Meqgative Megative | Negative | Positive




Unknown solution

1
Molisch’s test
Reddish violet ring (Carbohydrate confirmed)
1
lodine test
1
+ + ~ Ve
Blue color *Ve No color
Starch is present Mono or disaccharide is present
l 1
Benedict’s Test Benedict’s Test
No change in color
Starch is non-reducing polysaccharide
Benedict’s test after hydrolysis
Red precipitate (starch confirmed)
! l
Red precipitate No change in color
Reducing sugars may be present Non-reducing sugar.
(Glu, Fru, Mal, or Lac) Sucrose may be present
{
Barfoed’s test Benedict’s test
T after hydrolysis
i 1! ~ve Red precipitate
Lve Deep blue color Light blue color Sucrose is present
Monosaccharide Disaccharide may
may be present be present i
(Glu or Fru) (Mal or Lac) Seliwanoff’s test
l l Cherry red color
4 sucrose Confirmed
Seliwanoff’s test Osazone test
l
X! 1 1 1}
No cherry Cherry red Sun flower Hedgehog shaped
red color color shaped crystals crystals
Aldo sugar Keto sugar maltose lactose
glucose fructose Confirmed Confirmed

Confirmed Confirmed




Experiment 9
Qualitative Determination of Lipids

s monoglycarides . pesall 8 s ol Dlealall glerals J10 [plaesdl o L) pedls ppaadl tasd oty oaple By Soasd | ol Slgied] s doaly dogems
... &1 2« phospholipids 0 triglyceride £330 yae2dl . diglycaride
LIPIDS are a broad group of naturally-oceurring molecules which includes fats , waxes ( plant and

animal ), sterols , fat-soluble vitamins , monoglycerides , diglycerides , triglyceride , phospholipids ,
and others . Agulall el gl alzadl 8 e (BRI iy el e Bl ue) M) Sedlall Zogpills ppaall lasd aa
C ol Sllae g A la)l Ly !__._9 dnga A9 . [ Lecithin . el e o) Solagd doall

They include the fats and edible oils {e.qg., butter , clive cil, corn il }, which are primarily triglycerides ;
phospholipids (e.g., lecithin ), which are important in cell structure and metabolism .

(ohaannntly Sadsd) ¥l s g bammg ) (Aol 2l iandl) Wl e paf)l i a8l e ggadl gpendy Bl A aaall il g ez
The functions of lipids include storing energy , lipids contain more than twice as
much energy ( calories ) per unit of weight as the other two ( proteins and carbohydrates ).

ol Lz gtaeia Ay ie g Joaset Ol s Silolis o & Sl g samadl | Lslsd] GaceS Gt Silighe® lasis

signaling , and acting as structural components of cell membranes . Lipids have applications in
the cosmetic and food industries , and in nanotechnology .

A fat molecule consists of two kinds of parts : a glycerol backbone & three fatty acid tails .

Glycerol is a small organic molecule with three hydroxyl (OH) groups , while a fatty acid consists
of a long hydrocarbon chain attached to a carboxyl group .

(OH) B aim Ol gaoa 3l 4 b sode e i ga Glycarol
L of dr gamea dlazna dlogls dodgiSg m AL .._4,'__73'\_u*-n=--_|)‘?{'5'41 L

A typical fatty acid contains 12-20 carbons 1hough sm‘ne may have as few as 4 or as many as 36.

«ass) 2012 e typical fatty acid d=ipadl il lasil gz
]} .J. '«&! Lo gl o 81 e souon) a8 lptins o] fn @2 1 e
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Classification of lipids :

1. Simple lipids are esters of fatty acids with various alcohols

e.g., fats ( esters of fatty acids with glycerol )
and waxes ( esters of fatty acids with higher molecular weight of monochydric alcohols ).

2. Complex lipids are esters of fatty acids containing groups in addition to an alcohol and a
fatty acid

e.g., phospholipids or glycolipids

O Phospholipids yield in addition to alcohol and fatty acids , phosphate and a nitrogenous base
like choline , ethanolamine , etc.

Specialized lipids called phospholipids are major components of the plasma membrane .
Lecithin's & cephalous are representatives of the phospholipids .

1 Glycolipids contain carbohydrates

O Sulpholipids contain sulphate
O Lipoproteins are combinations of lipids with proteins.

There are four major classes of circulating lipoproteins , each with its own characteristic
protein and lipid composition . They are 2 :

chylomicrons

very low density lipoproteins ( VLDL )
low density lipoproteins ( LDL )

high density lipoproteins ( HDL )

3. Derived lipids when both simple and compound lipids combine and undergo the process of

hydrolysis , the produced chemical is known as the derived lipids .

Derived lipids include cholesterol , carotenes , steroids and prostaglandins ,
fat soluble vitamin (A, K,E, D), and hormones .

They have the common property of being :

(1) Relatively insoluble in water .
Lipids are hydrophobic “ water - fearing “.

(2) Soluble in nonpolar sclvents such as ether & chloroform .




Fatty ﬂCIdS Is a carboxylic acid with an aliphatic chain ( 12 - 20 carbon ) which is either

saturated or unsaturated .

1. Saturated If the aliphatic chain contains no double bond .
Saturated fatty acids tails are straight , so fat molecules with fully saturated tails can pack tightly
against one another . This tight packing results in fats that are solid at room temperature .

most of the fat in butter is saturated fat . Some of the most common fatty acids
are palmitic acid & stearic acid .

Palmitic has 16 carbon atoms & stearic has 18 carbon atoms . both are saturated fatty acids .

2. Unsaturated if it contains one or more double bond . If there is just one double bond in a
fatty acid , it's Monounsaturated ( MUFA ) while if there are multiple double bonds , it's
Polyunsaturated ( PUFA ).

fats with unsaturated tails tend to be liquid at room temperature .

Another class of fatty acids which is considered as PUFA that deserves mention
includes the omega -3 & omega -6 fatty acids.

while omega-9is MUFA .

The names omega-3, -6 or -9 refer to the locations of the first double bond
in the three different fatty acid molecules .

classified as essential fatty acids and must be cbtained from a person’s diet . Some fish, such as
salmon, and some seeds, such as chia and flax, are good sources of omega - 3 fatty acids .

Omeqga - 6 found in Sun flower seed & Qlive oll
while avocado & almond 38!l is rich with omega -9 ..

Fats have more saturated fatty acids whereas oils have more of unsaturated ones .

Saturated fatty acid
Stearic acid
H H H H H K H iy H A H H H i H H H
O | I I | | : I : | ' I : I ! |
| | | | I I I I |
H H H H H H H 4 H H H H H H H i H
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-
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Sapﬂ'nlflﬂﬂtlﬁn is a process of converting esters into soaps and alcohols
by the action of agueous alkali

( for example , aqueous sodium hydroxide solutions).

Soaps are salts of fatty acids salts . Sodium stearate is a typical soap .

Triacylglycerol can be hydrolyzed into their component fatty acids and alcohols ( ez Wil ¢l ) they
are broken down by the addition of a water molecule .

In the body , enzymes known as hydrolases carry out this hydrolysis .

This reaction can also be carried out in the laboratory by a

process called saponification , where the hydrolysis is carried out in the presence of a strong
base ( such as NaOH or KOH ).
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