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- PROTEINS *

6.1. Micro-KJELDAHL METHOD

6.1.1. Principle

The nitrogen of the protein precipitate is converted to acid
ammonium sulphate by digestion with sulphuric acid and various
catalysts. On meking the reaction mixture alkaline, ammonia
is liberated, whick is removed by steam distillation. The ammo-
nia liberated by steam distillation is gathered in acid solution
containing an indicator. Change in pH of the acid solution
due to addition of ammonia is indicated by the indicator dye.
This solution is back-titrated with 0.0f N HCI, and the original
acidic condition indicated by the indicator dye, is taken as the
end point. The amount of HC1 consumed in back titration is
proportional to the amount of ammonia liberated.

Percentage of nitrogen is calculated from the tiire value,
which is converted into gm9% of protein present in
sample by multiplying the percentage nitrogen with a factor
6.25. The factor 6.25 is used for conversion because in average,
protein - contains 16% of nitrogen.

6.1.2. Reagentsy
1. Concentrated sulphuric acid.

2. Catalyst mixture: 2 gm of selenium dioxide, 2 gm of
copper sulphate and 8 gm of potassium sulphate-make
fine powder.

3. Sodium hydroxide-thiosulphate mixture ; 50 gm of sodinum

hydroxide and 5 gm of sodium thiosulphate in 100 ml of
distilled water.

* Prepared and verified by M. H. Subhashini & M. H. Ravindranath,
School of Pathobiology, Department of Zoology, University of Madras,
Madras-600 005.
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4,

6.1.3,

6.1.4.

4%, Boric acid: Dissolve 4 gm of boric acid in 100 mF
of distilled water.

Indicator © 100 mg of Methyl red and 25 mg of Methy-
lene blue in 100 ml of 95% ethanol.

0.01 N HCI: Dilute 0.9 ml of HC1 to 100 ml with
distilled water. Determine normality by titrating against.
alkali.

Procedure

Collect 0.05 ml of blood using a fine calibrated micro-
pipette and pour into 1 ml of deproteinizing agent
(80% ethanol). Centrifuge at 3000 rpm for 3-5 minutes.
and decant the supernatant. _

Allow the protein sample (precipitate) to be digested
with 0.5 m! hot Conc. H,SQ, and a pinch of catalyst
mixture for 4 hours at 380°C.

The copper and selenium' of the catalyst mixture accela-
rates the rate of digestion. .

After completion of digestion, cool the digested mixture
and add 5 ml of distilled water,

Transfer the material to steam distillation unit and
add 5 ml of sodium hydroxide-thiosulphate mixture.
Collect the ammonia that is distilled from acid ammonium
sulphate in 5 ml of 4% boric acid containing one drop
of indicator dye.

Collect the ammonia till the colour of boric acid changes.
to green,

Back titrate the green coloured boric acid with 0.01 N
HCI till it revives the original colour.

Calculation

Calculate the percentage of nitrogen present in the sample

by,

titre value x 0.14008 x 100

= 9% of nitrogen.
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"Each ml of 0.01 N HCI«0.14008 mg of nitrogen. In order
to convert the obtained %, of nitrogen into gm 3, of protein
present in sample, multiply the percentage value of nitrogen
with a factor 6.25 (The factor 6.25 is used for conversion because
protein contains an average of 16% of nitrogen).

6.1.5. Interpretation

This method was used by earlier crustacean investigators .
(Travis, 1955) for determination of blood proteins.  In this
procedure the nitrogen value obtrined by titration was multi-
plied by a factor of 6.25 to convert grams of nitrogen to grams
of protein. The factor is used on an assumption that the .
average protein contains 169/ of nitrogen. As has been pointed
out by Young (1963), the absolute value of nitrogen ir specific
protein is uncertain and varies from one protein to another.
Therefore the author considers that the use of the factor 6.25
to calculate the concentration of protein in an unknown mixture
such as crustacean blood must be regarded in approximation
with possible error. Bailey (1967) also states ‘the most
accurate value for the nitrogen content of protein are
obtained from samples free of lipids and polysaccharides’
(p.346). The proteins in the blood of crustaceans are known
to be bound with lipids and polysaccharides. These moieties
associated with protein would considerably affect the 9 of
nitrogen content and therefore the factor may not be reliable.

6.2. BIURET METHOD |

6.2.1. Principle

Two carbamyl groups present in protein molecules combine
with copper and potassium of the biuret reagent to form a blue
coloured copper--potassium—biuret compound. The colour
formed is proportional to the amount of carbamyl groups present
in the protein (Gotrnall ef al., 1949),

6.2.2. Reagents

1. 1N NaOH: Dissolve 4 gm of NaOH pellets in 100 ‘ml
of distilled water.
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2.. Biuret reagent: Dissolve 1.5 gm of cupric sulphate
(CuSQ,.5H,0) and 6.0 gm of sodium potassium tartrate
(KNaCH,O;. 4H,0) in 500 ml of distilled water.
Add 300 ml of 109, sodium hydroxide solution and make
upte 1000 ml with distilled water,

6.2.3. Procedure
6.2.3.1.  Preparation of standard graph

Dissolve 25 mg of bovine serum albumin crystals in little
amount of IN NaOH in 2 5 ml standard flask and make up to
5 ml with 1N NaOH. This serves as standard protein solution.

Take known volume of protein solution containing known
concentration of protein, in separate test tubes (for e.g., 5 ml
of stock solution contains 25 mg of protein ; 0.2 ml of stock
solution contains 1 mg of protein ; 0.4 m! of stock solution con-
tains 2 mg of protein ; 0.6 ml of stock solution contains 3 mg
of protein ; 0.8 ml contains 5 mg of protein and so on). Make
up these solutions to 2 m! individually with IN NaOH. After-
wards add 8 ml of biuret reagent, mix well and allow it to
stand at room temperature. Set up the blank having 2 ml of
IN NaOH and 8 ml of biuret reagent. After 3¢ minutes,
measure the optical density at 540 nm in a spectrophotometer.
Plot the concentration of protein in X-axis and optical density
at Y-axis and draw slope.

6.2.3.2. Estimation of protein

1. Collect 0.05 ml of blood using a fine calibrated micro~
pipette and pour into 1 ml of deproteinizing agent (807,
ethanol).

2, Centrifuge at 3000 rpm for 5 minutes, decant the superna-
tant and add 2 m! of 1N NaQOH to dissolve the precipitate.

3. After 10 minutes, add 8 ml of biuret reagent, mix well
and allow it to stand at room temperature.

4, Set up blank simultaneously having 2 ml of 1 N NeOH
and 8 ml of biuret reagent.

5. After 30 minutes, measure the optical density in a spectro-
phoiometer at 540 nm against the blank.

6. Refer the optical density in a standard graph and find
out the protein concentration,



6.3, FOLIN-CICCALTEU METHOD -

6.3.1. " Principle :

The principle of this method involves two steps. The car-
bamy! groups of protein molecules react with copper and potas-
sium of the reagent 10 give a blue coloured copper potassium-
biuret complex. This complex together with tyrosine and
phenolic compounds present in the protein reduce the phospho
molybdate of the Folin reagent to intensify the colour of the
solution (Lowry er az' 1951).

6.3 2. Reagents
1. 1IN NaOH : Dissolve 4 gm of NaOH in 100'ml of distilled
.. water. :
2. 01N NaOH: Dlssolve 04 gm of NaOH in 100 ml of
distilled water.

3. Reagent A : Dissolve 2 gm of sodium carbonate (Na,CO,)
in 100 ml of 0.1N NaOH.,
4. Reagent B: Dissolve 500 mg of cupric suiphate (CuSO,
5.H,0) in 1 sodium or potassinm tartrate. Prepare afresh.
5. Mix 50 ml of reagent (A) with 1 mi of reagent (B).
6. 1N Folin reagent: Dilute Folin-phenol reagent with
equal volume of double distilled water, (Determine the
~ normality by titrating the diluted Folin-phenol reagent
with IN NaOH using phenolpthalin as. indicator).

6.3.3. Procedare

6.3.3.1. Preparation of standard graph

Stock and standard solutions are prepared a3 mentioned in
5.2.3.

Make up the volume of different concentrations of standard
solutions to 1 ml with IN NaOH individvally. Add § ml of
réagent (5) and mix well. After 10 minutes add 0.5 ml of
Folin - phenol reagent and mix rapidly. Set up blank simul-
taneously. After 30 minutes, measure the optlcal density at
500 nm in a spectrophotometer.

Plot the concentration of protein in X-axis and opt:cnl denslty
in Y-axis and draw a slope.
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6.3.3.2. Estimation of protein

1. Collect 0.05 ml of blood using 2 fine graduated micropi-
pette and pour into 1 ml of deproteinizing agent (809
¢thanol.) o

2. Centrifuge at 3000 rpm for 5 minutes and decant the
supernatant. :

3. Dissolve the precipitate in 1 ml of IN NaOH.
Add 5 ml of reagent (5) and mix well.

5. After 10 minutes add 0.5 ml of Folin-phenol reagent
' and mix rapidly.

6. Set up blank simultaneously.

7. After 30 minutes measure the optical density of the
blue colour developed by the sample at 500 nm.

8. Calculate the protein concentration by referring the
'O.D. obtained for the sample using the standard graph.

6.4. INTERPRETATION

Biuret method is considered to be less sensitive than the
Folin-Ciocalteu method (Young, 1963 ; Bailey, 1967). Bailey
(1967) on an examination of Folin-Ciocalten reagent has shown
that ¢ any peptide bond will yield some colour but certain amino
acid sequences not necessarily containing aromatic residues are
more chromogenic than others and largely account for the
colour yield of protein’ (p. 31). The author has also. shown
that ‘a preliminary complete hydrolysis reduces the colour
yielding property of albumin by more than 2/3’ (p. 241). - Shao-
Chia & Goldstein (1960-as cited by Bailey, 1967) have shown
that the cleavage of disulphide bonds in insulin by oxidation with
performic acid gave a loss of about 1/3 of colour, These obser-
vations teveal that in addition to copper-potassium complex
and aromatic residues, there may be other chromogenic reagents
in protein to bring about colour production.

_ For crustacean blood the relative performance of Micro-
kjeldahl, Biuret and Folin-Ciocalieu methods were assessed
vsing different deproteinizing agents. The results are presented
in Table 1. : ' '
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1. With reference to biuret and Kjeldahl methods ali precipitants behave similarly and values did not differ significantly between
precipitants,
2. In Folin-Ciocalteu method the values obtained with tungstic acid as precipitant are Jow.

3. Comparing the methods per se, values obtained with the Kjeldahl method with different precipitants are slgmﬁmntly lower
than those obtained with other methods.

4. Values obtained with the bluret and Folin-Ciocalten melhods are similaz. However, taking into consideration the least

coefficient of variation, the biuret method shows a lower coefficient of variation than Folin-Ciocalten method in 8 out of

12 analyses. The biuret method appears preferable to the Folin-Ciocalteu method with 80% ethanol as protein precipi-
tant, (Subhashini & Rawndranath 1980.)

TaBLE 1. Total protein concentration of the haemolymph of crab Scylla serrata determined by different methods
using different prolein precipitants

Animal  Methods 10% TCA 80% EtOH Zine Hydroxide Tungstic acid Statistical Remarks
Biuret 1.52+0.75 7.664.0.54 7.64+0.52 7.874 1.02 NS at P>0.05
9.93% (5) 6.93% (5) 681% () . 1296% (5
I Folin 7234108 7484133 7784099 5.884+0.73 NS at P5-0.05
Ciozalten- 14:90% (4) 17.70% @ - 1230% @) 1240% (5) PERr M
Kjeldahi 5.33+0.63 5.02+0.60 £7841.02 3584076 NS at P0.05
1L8% @) 11.95% (5) 21.34% (@ 21.20% (5) .




2 TABLE 1. {Contd)
Animal  Methods 10%TCA 80 % EtOH Zinc Hydroxide Tungstic acid Statistical Remarks
Biuret £.961+0.66 8961086 9.2910.69 8.75£1.19 NS at P> 0.05
1.37% (5) 9.60%; (5) 7.43% (5) 13.60% (4)
I Folin~ 8.6840.86 9.87+1.27 9.25+0.77 8.3410.71 NS at P>0.05
Ciocalten 2.91% (5) 12.87%; (4) 8.32% () 8.51% (4)
Kjeldahi 9.63 (1) 71.771+0.65 6.83+0.52 8.55+0.83 NS at P=0.05
8.37% (5) 7.61% (2) 9.71% @
Biuret 5.8210.27 7251062 6.76+0.27 5.8010.53 NS at P0.01
4.64%, (5 8.54% (4) 3.92% (5) 2.12%; (5) 5 at P05
I Folin- 7.14+0.63 7.53+0.42 8.16+0.11 596+0.71 S at P<0.05
Ciocalteu 8.8424 (5) 5.58% (3) 1.35% (5) 11.82%; (5) S at P<0.01
Kjeldahl 5.25+0.28 531+0.66 5.21+0.46 4.73+1.21 NS at P>-0.05
5.35% (5) 12.43% (3) 3.76%; (5) 25.62%; (3)

Values presented include :

Mean+ SD.
Coefficient of variation % (Sample size}

{Statistical remarks are based on analysis of variance between precipitants.)



TasLe 2. Criteria used in the assessment of three different
methods of determination of protein concentration in the

‘blood of Scylia serrata.
Criteria Biluret Folin-Clocalten Kjeldah?

I Reproducibi- 669, 33%* . _
lity (or) Consis- . {mean not compa-
tency in  perfore rable)
mance (based on e
less co-efficlent of
variation)

Il Simplicity .
—~No. of reagents one two mare
added
—No. of standard one two
graphs needed (at 540 pm) (at 500 nm &

750 nm) .
—Time taken 35-40 45.50 34
. after centrifuga~ mins. mins. hours
tion
I Stability (of pro- Stable for not stable
tein - reagent more than 6 after 30 minutes
complex)  hours at 30°C. at 30°C
"IV Sensitivity (based Onlyabove even to 0.2 above
on determination 20 lamda lamda 1,000 lamda |
of concentration ’
of protein with -
the method) -

V' Susceptibility (to Less (dué¢ to More (due to Less(dae to varia-
interfering subs- Cu binding Cu binding bility in conver-
tances) alone} and reduction  sion factor due to

of phospho- protein, lipids &
molybdate) = polysaccharides)
¥I Suitability (of suitable Not suvitable Not suitable (for
serum albumin as {due to other reasons mentio-
standard) chromogenic ned in V)

substances ‘in
the blood pro-
teins)

* Based on 12 sets of analyses (Subhashini, 1977).
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An assessment was made regarding the suitability of these
3 methods in determination of blood proteins of Crustacea.
The criteria used are presented in Table 2. The protein values
obtained by Kjeldahl method is considerably lower than the
values obtained with Folin-Ciocalteu and Biuret methods.
Possibly due to the presence of lipids and polysaccharides asso-
ciated with blood proteins, the percentage of nitrogen values
are affected and as a result the conversion factor is higher than
what has been conventionally employed. Probably that is why
in Kjeldahl method the protein values are lower than the values
obtained with the other two methods.

The protein values obtained with Folin-Ciocalteu - method
parallels with the values obtained with Biuret method. Folin-
Ciocalteu method is more susceptible to interfering substances
than Biuret method, possibly due to the mechanism of colour
reaction. The first step in the principle of this method is very
similar to the principle of Biuret method in that the copper
binds with carbamyl groups of protein and gives colour. This
coloured product is directly estimated in biuret method. In
Folin-Ciocalten method, the coloured copper-protein complex
is made to reduce the phosphomolybdate of Folin-phenol
reagent. In this method it is not only the copper-protein com-
plex that reduce the phosphomolybdate but also the tyrosyl
residues present in the protein, the amount of which differs
from one protein to another. As a result the colour reaction
in Folin-Ciocalteu method differs from one protein to another
(Young, 1963). Bailey’s (1967) observations reveal that several
other reactive sites present in the proteins are also capable of
yielding some colour.
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