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PROTEIN ASSAY METHOD AND XIT '
S oAl ALV AND ALY

This invention relates to a protein assay method and a kit in
which the amount of protein present in a solution is determined
by measuring the optical density of a coloured material produced

as a result of reactions between the protein, an alkaline copper

solution and Folin reagent.

BACKGROUND OF THE INVENTION
There are several methods for determination of protein quantity
in samples. These include use of colour-changing dyes, such as
Orange G, Bromo cresol green, Pyrocatechol Viole't;Molybdenum
complex, etc. These dyes, when bound with protein, change
colour proportional to the amount of protein present in the
samples. . These methods are generally not very sensitive. A
more sensitive dye-binding technigque using Coomassie Brilliant
Blue G-200 is adversely affected by the presence of detergents
in sample and also suffers from wide pfrote’in-to-protein

variation (Bradford, M., Anal. Biochem., 72 248-254, 1976 and
US~-a~4,023,933).

A variety of turbidimetric methods are also known in which
protein is precipitated by wvarious agents. These methods also

suffer from lack of senéitivity, specificity and interference

with detergents;
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Wwith cupric ions yielding highly reactive cuprous ions. A

(Lowry, Oh.H., Rosebrough, N.J;, Farr, A.L., and Randall, R.J.,
J. Biol. Chem. 193, 265-275, 1951) ("the Lowry method") in which
DProtein reaction with buffered alkaline copper was coupled with

Folin phenol reagent (phosphomolybdic/pho‘sphotungstic acid),

hereinafter referred to as Folin. It is believed that protein

The Lowry method suffers from many disadvantages. . The most
serious disadvantage is the ‘rigidi'ty of the method. The Lowry
method ¥equires precisely-timed additions of reagent, immediate
vortexing and prolonged incubation. Furthexrmore, the Lowry
method also suffers from PCOr reproducibility and interference
from a number of commonly used laboratory agents.  Attempts to
simplify the Lowry method have not, so far, been successful.

Consequently, a need exists for a more flexible and rapid method

for determination of protein.
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with bicinchoninic acid. Although Smith et al's method has
several advantages over the Lowry method, ‘it suffers from lack
of end-point in the reaction. The colour yield of the reaction
continues to i'ncrease at a rate of 2-3% every ten minutes.

Consequently, this method is not Very accurate and the problem

single batch. In addition, Smith et al's method, using
bicinchoninic acid, is a slow reaction requiring heating and a

Prolonged incubation period, which makes the method time-

consuming.
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According to the present invention, there is provided a method
which comprises the following steps:
(a) contacting together a protein-containing solution and an

alkaline copper solution, the alkali concentration in the

Copper solution being at least 0.2N:

(b) contacting together the product of Step (a) above and
Folin reagent, the amount of ¥olin reagent being such that

the initial pH of the resultant solution is from 11 to 12:

and

(c) allowing the products of Step (b) above +to incubate at

Ooptical density in order to determine the amount of protein

in said protein-containing solution.

an alkaline solution in which the concentration of alkali

is at least O.ZNf

- a solution of a cupric salt; and

- a solution of Folin reagent.
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A method in accordance with the present invention is a two-step
procedure in which no incubation period is required after the
performance of the first -sStep. As far as the second step is
concerned, maximum optical dénsity may be reached in as little
as 10 minutes and this maximum optical density may be maintained
over a period of, for instance, 10 to 40 minutes during which

the optical density measurement may be taken. In the Lowry

than being allowed to move downwardly, which would otherwise
happen .as the reaction proceeds and promotes decomposition of
the coloured material in the-solution. Contrary TO accepted
practice for very mahy years, it has now beeh surpri'singly

discovered ‘that a quite different approach to the pH of the

method. The key to the discovery is that, in Step 2 of the
method, relatively very rapid reaction takes Place at a pH of

between 11 and 12, preferably between 11.4 and 11.9, more
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11.5 and 11.7. At the Same time, the pH may be allowed to move
downwardly rather than being maintained at this relatively high
level. Movement of the pH downwardly means that the coloured
species produced are relatively stable. Accordingly, a maximum
Optical density can be reached rapidly and held at the maximum
level for a considerable period, more than sufficient to allow

Ooptical density measurements to be taken.

A relatively high alkaline concentration is used in Step 1 of
the reaction. This has +the added advantage that Step 1 of the

reaction proceeds much more quickly than the first step of the

invention. The Step 1 reactants may be mixed together and then
immediately the Folin reagent may be added to enable the Step 2

reaction to proceed. The amount of alkali to be used has been

Ccopper-containing sdlution. Although, in Step 1 of the method,
the copper- containing solution is dlluted by mixing with the
protein~-containing solutlon in practice this does not result in
a sn.gnlficant. dilution of the alkali since the wvolume of

Protein~-containing solution is normally no more than about one-

fifth, and often cénsiderably less, than that of the copper-

containing’solutionr Preferab;y, the concentration of alkali in
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the copper-containing solution is from 0.2 ‘to 2N, more

preferably from 0.4 to 1N.

Although it is not preferred to use a buffering system in the
present method, it i1s possible to mo'derately buffer, for
instance, the alkaline copper solution and still receive most

the beneficial results of the practice of this invention.

invention means that a correspondihgly high relative axﬁount of
Folin reagent'is used in Step 2. This ensures tbat most of the
cuprous ions released as a result of the reaction between the

copper (cupric) containing solution and the protein is
. im.mediately comple:xed or otherwise reacted with the Folin

reagent. It is believed that initially a colourless product is

Sodium dodecyl sulphate (SDS) may be used in the method of the
present invention in order to counter the influence of nonionic
and cationic detergents on the assay. For instance, the protein

solution may be treated with SDS prior to the addition of Folin.
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Folin is preferably introduced into the copper~treated protein
solution forcibly and in a volume larger than the volume of
copper-treated protein. Such forced introduction of the Folin

ensures that thorough mixing is achieved almost instantaneously.

It has been mentioned above that, in the second step of the
method, the pH may be allowed to decrease from its dinitial,
high, wvalue. This is preferably accomplished rapidly.

Preferably, the drop in pH is from 0.2 to 0.6 PH units in the

first 10 minutes of the Step 2 reaction.

I1f a buffering system is used, then it is preferably present in

the alkaline copper solution. A preferred buffering agent is

sodium carbonate.

In one‘ embodiment of a kit in accordance with +the present
invention, a buffered alkaline solution is preferably provided
separately from the coppg:;rwsolution, the alkaline solution
including sodium carbonate in a concentrated solution of alkali.
In addition, a tartrate, for. instance sodium ér pdtassium
tartrate, may be included in the alkaline solution. The kit is
preferably provided with instructions for perfotming the protein
assay. The reagents are preferably provided in containers of
polymerised hydrocarbon in polypropylene container. The Folin

is preferably supplied in a diluted ready-for-use form. SDS may'
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be present in the alkaline solution, the copper solution or

supplied as a separate solution. Preferably, it 1is present in

the copper solution.

Another embodiment of a kit in accordance with the present
invention may include the following reagents:
- an unbuffered alkaline solution, preferably containing

concentrated alkali and sodium or potassium tartrate;

- a solution of a cupric salt;
- a solution of Folin phenol reagent; and

- instructions for performing the protein assay.

As before, SDS may be included in the alkaline solution, the

copper solution or supplied as a separate solution. Again, it

is preferred to include the SDS in the copper solution.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many o©of the
attendant advantages. thereof will be readily attained as the
same becomes better understood by refefence to the fcllowing
detailed descrip“tion when considered in connection with the
accompanying drawings, in which Figures 1 to 12 are graphs

illustrating various aspects of the invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The protein estimation methods based on the use of Folin reagent
have two constituent reagent solutions, the first of which
consists of copper in solution of sodium hydroxide and sodium or
potassium tartrate buffered with sodium carbonate (hereinafter
referred to as buffered alkaline copper solution), and the
second of which reagent solution is Folin phenol reagent. These
reagent solutions have been reported to have short shelf-lives

and therefore must be made fresh angd prior to use.

The preparation of buffered alkaline copper solution involves

making two separate solutions and mixing them just prior to

use. They are:

- Reagent-A, conta.ining 2% sodium carbonate in 0.1 N sodium
hyaroxide: and

- Reagent-B, containing 0.5% copper sulphate pentahydrate in

1% sodium or potassium tartrate.

Reagent-A should be made fresh, since the solution tends to
develop precipitate and solid residue in storage. Reagent-B
should be made fresh by mixing equal volumes of 1% copper
sulphate and 2% sodium or potassium tartrate .solutions. The
working buffered alkaline copper solution is recommended to be

made by mixing 50 parts of Reagent~A and 1 part of Reagent-B.
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The Folin phenol reagent is recommended to be made fresh from 2N

concentrated Folin solution, and any unused solution should be

discarded.

It has now been discovered that the dilute Folin phenol reagent
can be stored for months at room temperature. It is important
for long-term sforage that pure de-ionised water is used in the
preparation of a dilute solution of Folin reagent solution and
that diluted Folin solution is protected from light. The diluted
Folin solution should be stored in a container made of

polymerised hydrocarbons, such as polypropyiene.

It has also been discovered that a long-term storable alkaline
copper solution can be prepared by KkKeeping the constituent
copper separate from the alkaline part of the reagent, . and
storing the alkaline solution (containing either or both sodium
carbonaée and sodium or potassium tartrate) in a container made
of polymerised hydrocarbons, preferably in polypropylene
containers. The constituent copper part can be prepared as a
separate solution or with SDS, preferably in concentrated form.
An appropriate portion of the concentrated copper solution is
added to the alkaline solution just prior to use in .o‘rder to
prepare a working alkaline copper solution. It has'-a'lso been

discovered that such working alkaline copper solution is good

for use for several weeks.
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For estimation of protein in a sample, the protein is first
treated with alkaline copper solution. It 1s widely believed
that copper in alkaline medium reacts with protein and forms a
copper-protein complex which in turn releases cuprous ions. It
is also widely understood that the Cu-protein complex formation

is a slow progressing reaction and requires several minutes of

incubation for the completion of the Cu-protein reaction.

The traditional protein estimation methods based on the reaction
of alkaline copper with protein invariably require incubation

periods of 5 to 20 minutes in order to achieve the completion of

the reaction of copper with protein.

lnstantaneous and required no incubation. Example 5 below
clearly proves that the reaction of copper with protein was so
rapid fhat in 15 seconds (the time it takes to vortex +the
mixture to achieve a uniform 'mixing of the reagents with
protein), the reaction of alkaline copper with protein was

complete, and'the‘colour vield of the reaction was identical to
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the control test sample which was incubated for 20 minutes in

alkaline copper. This discovery eliminates the need to incubate

alkaline copper with protein which, until now, was regarded as

essential. This discovery also effectively reduces the time it

takes to perform protein estimation.

Folin reagent is introduced into copper-treated protein solution
which results in characteristic blue colour. The methods using
Folin reagent for the estimation of protein recommend +the
addition of an amount of Folin reagent into the copper-treated
protein which would give the reaction of approximately pH 10.
The addition of Folin reagent is followed by at least a 30-
minutes incubation period. The reaction at pH 10 was

recommended to give the maximum vield of reaction colour and a

greater stability to reaction colour.

The protein assay reaction between pH 10 and 11 has several

disadvantages:

- at pH 10, the reaction progresses slowly and takes a long
period of incubation to reach its maximum value:;

a 30 minutes' incubation does not bring the reaction to its
end-point; and

- the optical density of the reaction colour con'i:inuas to
increase for a long time after 30 minutes' incubation at a

rate of 5% to 25% per hour, depending on the starting pH of
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the reaction mixture. The increase in optical density

'

contributes to error in the protein estimation.

A need exists to develop a protein assay method which would
require a shorter incubation period and a stable optical density
for the reaction colour, and which also gives a highly
reproducible estimation of protein. Attempts have been made to
reduce the incubation period after the addition of Folin
reagent. Many workers have tried to heat the reaction mixture
to. 50°C prior to the addition of the Folin reagent. Heating
reduces the incubation period to 10 minutes. This method has
serious disadvantages:
- it introduces an additional step which itself takes time to
accomplish; and |
- heating tends to enhance the interference from reducing
sugars and other substances (Bonitati, J., Elliot, W.B. and

Miies, P.G., Alan. Biochem. 1969, 31, 399-404).

It has now been discovéred that protein estimation can 'be
performed more rapidly and with substantially incteésed
sensitivity and reproducibility at high alkaline pH between pH
1l and 12. It has also been found that the rapid release of
reaction colour between pH 11 and 12 prqduces results which are
more reproducible than slow release as'shown in.Fig. 7. At

PH 11-12 the reduction and émlouf development of Folin reagent

with copper-treated -p’rbtein reaches a maximum and an end-point
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more rapidly and, in addition, the reaction pfoduces a plateau
of stable optical density for the reaction. The higher the pH,
the more rapidly colour development takes place. It has also
been found that at the preferred pH of between 11.5 and 11.9,
the colour development reaches a maximum and an end-point within

10 to 15 minutes, and stays nearly constant. This enables

to 2% when measured in steady state, as shown in Fig. 3.
However, in a real determination using duplicate samples, the
draft in optical density is negligible and masked within the

standard deviation of the determination, as is demonstrated in

Example 6% and Fig. 8.

It has also been found possible to perform protein assay within
a pre-sélected time by pre-selecting the reaction commencing pH
of the assay mixture and reading the reaction colour at the
plateau of the maximum optical density. The pre-selection o'f
assay time is made possible by carefully selecting the amounts
of alkaline copper solution and Folin solution which, on mixing,
could result in a pH at which the reaction colour will reach the
maximum and end-point within the pre-selected time. Tables 1, 2
and 3 in Example 3 give the reaction commencing pH required for

various pre-selected times, and the length of time the optical

density remains nearly constant.
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It has been discovered that at the reaction commencing pH in

buffered alkaline medium around pH 11.70, the reduction of Folin
and coalour development reacheé maximum in and around 10 minutes,
and stays nearly constant for 15 to - 20 minutes, which is
sufficient to allow reading of 40 -~ 50 separate samples, and in
40 minutes after reaching the end-point maximum, the colour
drift is within 3% to 4%. The optical density drift of 3% to 4%
1s comparable to the drift in the optical density reported for
the widely used method of protein determination by Bradford,
M.M. (Anal. Biochem. 1976, 72, 248-254), and considerably better
than the 16% drift in the optical density of another widely used
method by Smith, P.K. et al (Anal. Biochem., 1985, 150, 76-85).
In addition, it has also been found <that, in a real
determination in accordance with the present invention, the

expected drift was not detected as is shown in example 3.1 and

Fig. 8.

unbuffered alkaline medium is used for the assay. In unbuffered
alkaline medium, the pH of the reaction drops unhindered and
more rapidly, and in less than 10 minutes the pPH drops as much
as 0.15 - 0.6 units for a reaction commencing between pH 11 and
12 (Table 2, Fig. 3). This finding has two advantages:

- it allows a rapid release of reaction colour at a very high

alkaline pH; and
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- as soon as the maximum reaction colour is achieved and
before substantlial decomposition of colour could begin, the
PH of the reaction also shifts to a pH at which the

decomposition of the reaction colour is very considerably

reduced (Tables 1 and 2, Fig. 3).

The reaction shown in Fig. 3 commences at a pH around 11.70. In
less than 10 minutes the release 0f colour reaches a maximum
value and concurrently the pH of the reactibn drops by C.2 units
to pH 11.5. At pH 11.5, the optical density of reaction colour
is virtually unchanged for over 30 minutes (Tables 1 and 2, Fig.
3) and in the next 30 minutes, the optical density drops by a
mere 2% to 3%. The shift in optical density of 2% to 3% in the

second half-hour of a one-hour period is less than the method

of Bradford cited above.

Previous workers have tried to buffer the drop of pH brought

about by the reduction of Folin. It is quite clear from the
studies carried out in this invention that the drop in the pH
has positively beneficial effects, first in bringing down the
time. it takes <the reaction fto reach é maximum value and,

secondly, the drop of the reaction pH to a lower pH improves the

stability of the reaction colour.
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In a further study, neither sodium carbonate nor sodium tartrate
were present in the alkaline copper solution. The removal of
tartrate from the alkaline copper solutlion lowered the rate of
reduction of Folin with copper-treated protein and consequently

1t took longer for the reaction colour to reach a maximum value,

12 took approximately 10 ~ 12 minutes to reach the maximum as
compared to 5 minutes in unbuffered and buffered alkaline

solution (Tables 1 and 2). - 1In addition, in the absence of

tartrate, the reaction colour is more stable after reaching the

maximum value as shown in Table 3.

When Folin is added to the copper-treated protein, maximum

The red;.lcticm Oof Folin at higher pH between pH 11 - 12 results
in lowering of the yield of reaction colour and consequently
'reduces the sensitivity of the method. It has been discovered
-i:hat the colour vield of the reaction at higher alkaline pH
could be increased to its maximum value or to a level which is
comparable to the traditional methods based on the use of Folin
reagent, The yield of reaction colour is maximised by
| increasing the amount of Folin in the assay, which is achieved
by increasing the éoncentration of alkali ih the alkaline copper

solution. Example 5 shows that as the concentration of alkali
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is increased in the alkaline copper, 1t requires correspondingly

increased amounts ©0f Folin to achieve a pH of around 11.7 and
consequently the colour vyield is increased to a much higher
value " than would be possible to achieve at pH 10 in 10-15

minutes. Example 7 demonstrates increased sensitivity of the

method of the invention over the Lowry method.

It has also been discovered that rapid release of reaction
colour at a relatively higher alkaline pH, i.e. pH 11-12,
results in improved reproducibility of protein estimaiion. Plot
A of Example 6 shows a typical estimation of protein using the
method described in this invention. Thelpoints in the plot make
a perfect straight line, leaving no rooﬁ for ambiguity. Plot B
on the other hand is baéed on the determination at bH 10.5, the

points on the plot are scattered and it is possible to draw more

than one straight line through the points.

W 4 e ¢ N W SEPE. a— -

When Folin is added td“theN§EOtein treated with_alkaline copper,
the reagent is only reactive for a short time, and it is for
this reason that Foliﬁ is preferably added while vortexing the
reaction mixture. It is difficult.fo achieve unifofmity with a
large number of samples in a batch while adding Folin to a
vortexing mixture. It has been -fo'und that this problem can be
eliminated by kKeeping the volume o©f copper-treated protein
small and introducing Folin forcibly in a voli.xme larger than

the volume o©of copper-treated protein. The forcible addition of
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Folin creates instantaneous mixing of Folin with copper-treated

protein which ensures uniform mixing of the reagents in a batch.

The protein assay methods based on reduction of Folin by copper-
treated protein suffer from interference by a number of commonly

used laboratory reagents, and particularly nonionic and cationic

detergents, such as Triton-X100. This interference from

small amount of anionic detergent such as SDS. This could be
achieved by the addition of SDS in the alkaline copper solution.

Example 8 shows that addition of SDs eliminates interference by

Triton-X100.

It has also béen found that it is difficult to maintain SDS in a
solution of sodium hydroxide having a concentratlon higher than
0.4N. SDS in as low a concentration of 0.5% has a tendency to
precipitate on standing in sodium hydroxide solution higher than
O.4N. It is recommended that SDS is Rept separate from the

alkaline part and mixed prior to use. The solution may be

warmed to maintain the SDS in solution.

SDS can be dissolved either with tartrate Or copper sulphate and
stored for a long time. SDS solution containing copper sulphate
can be mixed with alkaline solution in order +o prepare the

alkaline copper solution.

——— A - -
e * -, q —— a a—
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The materials and preparation used in the following Examples are

as follows:

Reagents

Copper sulphate pentahydrate, potassium tartrate, sodium
tartrate, sodiﬁm carbonate, sodium hydroxide, sodium dodecyl
sulphate (SDS) and bovine serum albumin (BSA) were obtained from
Sigma Chemical Co. Alkaline copper solution was made in +two
parts, the first part (hereinafter referred to as "the alkaline
solution”) of which contained sodium hydroxide, sodium carbonate
sodium or potassium tartrate and SDS, which were added to the
alkaline solution only when specified. The second part was a

concentrated solution of copper sulphate. The Folin reagent

solution was made using a 2N Folin reagent solution. .

Reagent Preparation

Various concentrations of alkaline solution were prepared. They
were 0.4N, 0.8N, 1IN and 2N sodium hydroxide solution. Either 4%
or 3% sodium -carbonate and 0.16% SOdium 'tartrate were added to
the alkaline solution only when specified. Similarly, .'SDS was
added to the élkaline solution only when specified to a final
concentration of 0.5% to 2%, The alkaline solution was stored
at room temperature in polyp'ropylene bottles. A 53 copper
sulphate solution was made in distilled water and stored at room

temperature in a polypropylene bottle. The working alkaline
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with 0.1 ml of 5% copper sulphate solution.

Folin .solutions were made using pure de~ionised water. 2%, 5%
and 10% Folin solutions were made using a 2N Folin solution and
stored at room temperature in polypropylene bottles protected
from 1light. Bovine serum albumin (BSA) was dissolved in

distilled water to a final concentration of 2 mg/ml and used as

standard stock.

Protein Assay Method

Protein solution containing 10 to 200 Mg protein in a volume

0.095 to 0.2 ml were pipetted into test tubes. The alkaline

and vortexed. Immediately after vortexing, unless otherwise
specifiéd, an appropriate volume of Folin reagent solution was
forcibly introduced ‘intothe test tubes. The test tubes were
incubated for 10_ minutes at room témperature and absorbency at
650-750 nm was measured. The weighi: of protein was plotted
against the corresponding absorbence resulting in a standard

curve used to determine the protein in unknown Samples.
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Micro Protein Assay

Protein solutions containing 1 to B/pg protein in a volume of 5
}.11 were pipetted into either micro test tubes or microtiter
plates. Alkaline copper solution was added into the micro test
tubes in a volume equal to 4 - 5 times the volume of protein
solution, i.e. 20 - 25 Ul. An appropriate wvolume of Folin
reagent solution was forcibly introduced in the micro test
tubes. The micro test tubes or microtiter plates were incubated
at room temperature for 10 minutes and then absorbences at 650-

730 nm were read. The weight of protein was plotted against
the corresponding absorbence, resulting in a standard curve used

to determine the protein in unknown samples.
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2{)8528? EXAMPLE 1
Determination of Short Incubation Perliod for Protein Assa
M

A series of duplicate samples of standard protein solution
containing 0.2 mg protein in a volume of 0.1 ml were treated
with 0.5 ml of alkaline copper solution containing 0.4 N NaOH in
4% sodium carb'onate, 0.16% sodium tartrate and 0.05% copper
sulphate. After mixing, the contents were treated with
increasing volume of 2% Folin reagent introduced forcibly. The
volume of 2% Folin was increased from 5.2 times the total volume
of copper-treated protein (i.e. 0.6 mi) to 6.7 times. The
Ooptical density was read after 10 minutes (Plot B) and after 30
minutes (Plot A) incubations at room temperature. " The results
gave the plots shown in Fig. 1. As seen from the graph, the
optical density taken after 30 minutes' incubation (Plot A)
cCrosses over the optical density taken after 10 minutes'
incubatioﬁ (Plot B). The crossover point is referred to in the
graph as "Re" and marked with an arrow. The.crossover point has
& reaction commencing pH of around pH 11.70. It is clear from
the graph that the reduction of Folin with copper-—-treated
protein at pH around pH 11.7 reached its end-point maximum in
around 10 minutes, and the optical den.sity remained. unchanged
for the next 20 minutes. The reduction‘_ of Folin at a pH
significan'tly. hi'gher than pH 11.70 begins to decline rapidly
after 10 minutes and, similarly, the reduction of Folin at pH

significantly lower than pH 11.70 continues to increase after 10
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minutes’' incubation. It is clear from these graphs that a
protein assay method based on the reduction of Folin at a pH
around pH 11.70 can be developed which will reduce the
incubation period to around 10 minutes. At a pH of around 11.70
the optical density stays nearly constant for long enough to

allow assay of a large number of samples without significant

drift in determination.

EXAMPLE 2

Determination of Stability of Reaction Colour

A sample of standard protein solution containing 0.1 mg protein
in 0.1 ml was mixed with 0.5 ml of alkaline copper solution
containing 1IN NaOH in 5% sodium carbonate, 0.16% sodium tartrate
and 0.05% copper sulphate. After mixing, 3.55 ml of 5% Folin

reagent was forcibly introduced. A 1 ml portion was removed for

pH determination, and the remainder was used to measure the

optical density. The optical density was continuously measured
for one hour. The pH at the commencement of the reaction was
measured within 1.5 minutes, which was approximately pH 11.70.
the optical density result gave the plot shown in Fig. 2. It is
clear from the graph that the reduction of Folin commencing at a
PH around pH 11.70 caused rapidly increased optical density and
reached its end-point maximum in around 10 minutes, which
changed very little for thé. nexf 50 minutes. It was estimated

that, after réaching the end~point maximum in 10 minutes and for
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the next 15 - 20 minutes, the decline in optical density was
negligible (around 1%) and in the subseqguent 20 - 25 minutes, it
was around 3% - 4%. An overall drift in the optical density of
3% - 4% in one hour .is comparable to the widely used method by
Bradford, M.M. (Anal. Biochenmn. 1976, 72, 248-254) and
considerably better than the 16% drift in the optical density of
another populaf method by Smith, P.K. (Anal. Biochem., 1985,
150, 76-85). The results also show that in a 45-minute period,

the pH of the reaction gradually drops by approximately 0.2

units.

In a similar experiment to that described'above, the protein was

After mixing, 3.7 ml of 5% Folin reagent was forcibly introduced
and the reaction‘pH was read within 1.5 minutes of mixing: this
was ardund PH 11.70. The optical density gave the plot shown in
Fig. 3. The result shows rapid reducglon of Folin, which
reaches a maximum within 10 minutes.. The optical density
remained virtﬁally unchanged for over 30 minutes and, after
that, it began to decline gradually. 1In a 60-minute period, the
drift in reaction colour is around 2% - 3%, which is a
considerable improvement on the example described above. The
result also shows that the pH drops by approximétely 0.2 units

in the first 10 minutes, and approximately 0.3 units in 30

minutes, of the reaction.



- 27 - i
WO 91/19198 ’wgg@Q/@sw

EXAMPLE 3.1

Stability of Optical Density at Various Reaction pH
in Buffered Medium

A sample of standard protein sclution containing 0.1 mg protein
in 0.1 ml was .mixed with 0.5 ml of buffered alkaline copper
solution ccntaining 1N NaOH in 5% sodium carbonate, 0.16% sodium
tartrate and 0.05% copper sulphate. The copper-treated protein
solution was treated with increasing amounts of 5% Folin (3.1 ml
to 4.6 ml). The optical density of reaction colour was recorded

and the pH of the reaction was recorded at intervals. The

results were tabulated as shown in Table 1.

TABLE 1
Volume of Approximate Approximate Approximate
5% Folin Reaction pH Time to Reach Length of
(ml) O 45 Maximum Plateau at
- (Minutes) (Minutes) Maximum
(Minutes)
3.1 12.10 - 11.95 4 - 5 4 - 5
3.2 12.00 - 11.88 5 - 6 6 - B
3.3 11.95 - 11.75 6 -~ 7 8 - O
3.4 11.85 -~ 11.62 6 - 8 10 - 12
3.5 11.75 - 11.58 8 - 10 20 - 22
3.6 11.65 - 11.40 10 - 12 25 - 30
3.7 11.55 - 11.30 13 - 14 40 -~ 45
3.8 11.53 - 11.30 | 15 - 17 > 50
3.9 11.40 - 11.12 16 - 18 > 60
4.1 11.23 - 11.95 18 - 20 > 60
4.3 11.20 - 32 - 34 > 60
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It is clear from the Table above that the reduction of Folin

ey
L

with copper-treated protein commencing at a pH of between 11.8

and 11.60 reached 1its end-point maximum in around 8 - 10
minutes. After reaching its maximum, and for the next 15 - 20
minutes, the optical density remains nearly constant. The

deviation in optical density in a 30-minute period was
negligible at around 1%. The dewviation in the subsequén*t 30
minutes was around 3% - 4% (not shown in Table 1). The
reduction of Folin commencing at a pH of between 11.60 and
11.40 reached its maximum in around 15 - 20 minutes and stayed
nearly constant for 30 - 40 minutes. In the subsequent 30

minutes, the decline in optical density was around 3% to 4%.

It is clear from Table 1 that the higher the alkalinity of the
reaction, the more rapidly production of reaction colour takes
place and, conversely, the higher the alkalinity, the shorter is
the len.gth of the plateau at the maximum optical density. At
the reaction pH 11.75, a reasonable balance is._.struck and the
reaction takes under 10 minutes to reach its maximum colour,
while the piateau at the maximum lasts around 15 -~ 20 minutes.
The reaction commencing at pH 11.50 would take around 20 minutes
to reach the maximum colour, and the colour at the maximum would
remain unchanged for over 30 min‘ut‘es. Lowering the alkalinity
substantialiy ‘increaseé the time it takes to reach the maximum
reaction colour, although it also increases the stability.of the

reaction colour. It has also been found that the rate of
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decomposition ot the reaction colour 1is considerably reduced by
lowering the alkalinity (not shown in this table). The reaction
colour is stable for over 30 minutes when the pH at the plateau
is lowered to around pH 11.50 and beyond. It is also clear from
Table 1 that, in buffered alkaline medium, during the course of
reaction the pH of the reaction mixture gradually decreases, and

in 45 minutes the pH decreases by approximately 0.2 units.

EXAMPLE 3.2

Stability qf Optical Density at Various Reaction pH

in Unbuffered Medium

A sample of standard protein solution containing O.i mg protein
in 0.1 ml was mixed with 0.5 ml of unbuffered alkaline solution
of copper, containing 1N NaOH in 0.16% sodium tartrate and 0.05%
copper 'sulphate. The copper-treated protein was treated with
increasing amounts of 5% Folin (3.4 - 4.0 ml). The optical
denSity of the reaction colour was recorded, and the pH of the

reaction was recorded at intervals. The results were recorded

in Table 2 and Fig. 3.
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volume 5%

Approx. Reaction Approx. Time ADProx.
Folin (ml) pPH - to Reaction Length of
- O 15 45 Maximum Plateau at
(Minutes) (Minutes) Maximum
| (Minutes)
3.4 11.95 - 11.77 11.65 5 - 6 10 - 11
3.5 11.87 - 11.70 11.58 8 - O 18 - 20
3.0 11.80 -~ 11.60 11.50 9 - 10 24 ~ 26
3.7 11.75 - 11.38 11.48 9 - 10 26 - 28
3.75 11.73 - 11.53 11.45 10 - 11 28 - 30
3.8 11.65 -~ 11.49 11.33 16 ~ 18 50 - 55
4.0 11.55 - 11.33 - 11.20 30 - 35 > 75

It is clear from the results that in unbuffered alkaline medium,
the pH of the reaction mixture drops more rapidly than in the

buffered medium (Table 1), and a drop of approximately pH 0.2

units takes place in under 10 minutes.

Consequently, when the

reaction is commenced at around pH 11.70, i1t rapidly releases

the reaction colour and reaches a maximum in around 10 minutes.
The reaction releases acid and, as a result, the pH drops to
around pH 11.50 which happens to be a pH at which the reaction

is nearly unchanged for well over 30 minutes (Table 1).

The overall effect is a rapid release of reaction colour at a
very high alkaline medium (in around 10 minutes) and, as the
maximum reaction colour is reached, the pH of the reaction drops

to a pH at which the decomposition of the colour in 60 minutes
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is insignificant. It has been found that in a 60-minute period

the drift in optical density is around 2%.

EXAMPLE 3.3

Rate of Folin Reduction and Stability of Reaction Colour
in the absence of Tartrate in Unbuffered Alkaline Copper Solution

The experiments were performed as described in Example 3.2,
except that tartrate was not added in the alkaline copper
solution. The results, shown in Table 3, show that in the

absence of tartrate the reduction of Folin by copper-treated

protein proceeds slowly.

TABLE 3

Volume 5% Approx. Reaction Approx. Time APpPIoOX.
Folin {ml) pH | to Reaction Length of
0 15 45 Maximum Plateau at

(Minutes) (Minutes) Maximum
| (Minutes)
3.4 11.95 - 11.75 - 11.61 10 - 12 24 - 25
3.6 11.78 - 11.60 ~ 11.49 14 - 156 28 - 30
3.7 11.68 - 11.48 - 11.33 17 ~ 18 60 - 65

3.8 11.65 - 11.40 - 11.30 25 - 27 > 65

The results in Table 3 show that the reaction commencing at pH
12 tock approximately 10 - 12 minutes to reach the maximum as
compared to 5 minutes in unbuffered and buffered alkaline

- solution as shown in Tables 1 and 2. In addition, in the
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absence of tartrate, the reaction colour was more stable after

reaching the maximum value.

EXAMPLE 3.4

A Model for Protein Assay at High Alkaline pH

The results of Example 3.2 were plotted to create a model for
protein assay at high alkaline pH. Fig. 4 shows the plot.
Reaction commencing pH was plotted against time. The broken
lines show.the changes in the reaction pH before reaction colour
optical density reached a maximum wvalue. The semicircle
represents the time, correSpoﬁding to reaction commencing pH,
that it takes a- reaction to réach its maximum value. The solid
lines show the length of time the optical density:of reaction
colour remained stable. It is clear from the model that the
higher the aikalinity of the reaction, the more rapidly the
release'of reaction'colour,takes place. Conversely, the higher
the alkalinity, the shorter is the length o0f stable optical
density at maximum. When reduction of Folin commences at a pH
around 1ll.7, it reached the' maximum reaction colour in
approximately 10 minutes. Having reached the maximumvalue,.the

reaction colour optical density remained virtually unChanged for

the next 30 minutes.
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EXAMPLE 4

Maximising the Release of Reaction Colour

The experiment consisted of a batch of four determinations, a,
b, ¢ and Ad. Duplicate samples of 0.1 ml protein solution
containing 0.2 - 1.2 mg/ml were pipetted for each batch.
Batches a, b, ¢ and d were treated with 0.1, 0.2, 0.3 and 0.4 ml
alkaline copper solution (containing 0.4N NaOH in 4% sodium
carbonate, 0.16% sodium tartrate and 0.05% copper sulphate
respectively). After mixing the contents, 1.16, 1.74, 2.32 and
2.9 ml of 2% Folin reagent was forcibly added to a, b, c and 4

respectively. After an incubation of 10 minutes, the optical

density was read and the results gave the plots shown in Fig. 5.

The next experiment consisted of a batch of +three

determinations, a, b and c. Duplicate samples of 0.1 ml protein

solution containing 0.2 - 1.2 mg/ml were pipetted for each

patch. The protein solutions were treated with 0.5 ml alkaline

copper solutic“;;s.;,‘ the compositions of which are as follows:

1., 0.4N NaOH containing 4% sodium carbonate, 0.16% sodium
tartrate and 0.05% copper sulphate;

2. 1N NaOH containing 5% sodium carbonate, 0.16% sodium
tartrate and 0.05%.copper sulphate:

3. 2N NaOH containing 5% sodium carbonate, 0.16% sodium

tartrate and 0.05% copper sulphate.
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Batches a, b and ¢ were treated with alkaline copper solution 1,
2 and 3 respectively. After mixing the contents, batches a, b
and c ‘were treated with 3.5 rﬁl of 2%, 5% and 10% Folin reagent
respectively. The optical density was recorded and the results
gave the plots shown in Fig. 6. It is clear from Figures 5 and
6 that the release of reaction colour can be increased and
maximised by increasing either the amount or the concentration

of alkali and correspondingly increasing the amount of Folin

solution in the assay.

EXAMPLE 5.
Determination of Cu-Protein Complexing Time
Triplicate protein solutions containing 0.1 mg of protein in 0.1
ml were mixed with O.S.ml of alkaline copper solution: containing
IN NaOH in 5% éodium carbonate, 0.16% scdium tartrate and 0.05%
copper 'sulphate. 'The contents were mixed immediately and,
without delay, 3.5 ml of 5% Folin solution was forcibly
- introduced. The whole procedure took around 15 seconds to
complete. Three more samples were treated identically except
that Folin solution was added after an incubation period of 1/2,
1l and 10 minutes. The optical density was read after 10 minutes
-and the results gave the histogram shown in Fig. 8. It is clear
from the results that copper complexed with protein immediately
after the addition and mixing. Similar results were obtained

when protein was treated with alkaline copper solution
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containing 0.4N NaOH. It 1is clear that copper complexed with

protein immediately in alkaline solution containing as little as

O.4N NaOH.

EXAMPLE 6

Reproducibility and Accuracy of the Assay

Reproducibility and accuracy of the assay was examined by
performing identical determinations. Samples coniaining 0.025—
0.1 mg/ml were mixed with 0.5 ml of alkaline copper solution
containing 1IN NaOH in 5% sodium carbonate, 0.16% sodium
tartrate and 0.05% copper sulphate. After -vortexing the
mixture, 3.5 ml of 5% Folin s.olution was forcibly introduced
into the copper-treated protein solution. Thé pH' of the
reaction mixture was measured around 11.75. The optical density
of the assay reached its maximum in around 10 minutes. The
optn.cal density was repeatedly read after 10 minutes and the
results gave Plot A shown in fléTWB;W.An_ldentlcal determination
was ‘also performed in which the reaction was commenced at pPH
10.5, and the results gave Plot B shown in Fig. 7. Thétresults
show clearly that the protein\ estimation based on the method
descriﬁbed in this inventi'on 'produces highly reproducible -
results. In Plot ‘A, the points give a perfect straight l:me

and, on. the other hand the estimation based on pH 10 S of the

reaction has a larger dev;atlon (Plot B).
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in a rurtner;extension'of this experiment, the samples of Plot A
were repeatedly read for an hour, and the results are shown in
Fig. 9. The result shows clearly that in a one-hour
measurément, the expected drift in the optical density was not
detected, and the points were closely packed. The inclination
of the standard plot remained unchanged. The method described

in this invention is therefore highly reproducible and reliable

for estimation of protein.

EXAMPLE 7

Sensitivity of the Assay

The sensitivity of the assay was assessed by compéring it with
the results produced by the Lowry method. Duplicatésamples of
protein solution containing 0.025-0.1 mg/ml in a volume of 0.1
ml was assayed as described in Example 6 and by the Lowry
method. The results gave the plots shown in rig. 8. It is
clear from the graph that the assay performed according to the
method described in this inirention is moré sensitive than the

Lowry method.

EXAMPLE 8
Elimination for Interference
Protein assays using Folin reagent are sensitive to inferference
by a number of commonly used laboratory reagents. The small

effects due to such agents as sucrose, EDTA, Tris and
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2-mercaptoethanol can be easily eliminated by running a proper

buffer control with the assay. The interference by nonionic and
cationic detergents can be eliminated by introducing a small
amount of anionic detergent sodium dodecyl sulphate (SDS) (0.5%
-~ 2%) into the alkaline copper solution. .Duplicate samples (0.2
- 1.2) were assayed as described in Example 6, except that the
assays were performed with alkaline copper solution containing
and lacking 2% sodium dodecyl sulphate. The protein solution
containing and lacking 1% Triton-X100 were used. The results
are shown in the Fig. 10. Plot B shows the control experiment,
and Plot D shows the experiment in which the alkaline solution
contained 2% sodium dodecyl sulphate'. The addition of sodium
dodecyl sulphate slightly increased the colour yield. Plot A
shows protein containing 1% Triton-X100 whén assayed with the
reagent lacking sodium dodecyl sulphate, and Plot A was
distorted because of precipitation due to the presence of
Triton-.XIOO in the protein. Plot C shows protein of Plot A
assayed with the alkaline copper solution containing 2% sodium
dodecyl sulphate. It is clear from the plots that the addition
of sodium dodecyl sulphate counters the influence of detergent
Triton-X100 and restored Plot A. | Similarx résults have been

obtained with other nonionic and cationic detergents.



WO 91/19198 -53- PCT/GB90/00859 _

2“8328? EXAMPLE g

Micro Assay System

Micro protein assay was performed in either microtiter plates or

-

micro test tubes in a total assay volume of 0.2 - 0.25 ml.
Protein solution containing 0.2 - 1‘Pg protein in a volume of 5
Jul was used. The protein samples were first treated with ZS/pl
of alkaline copper solution containing 1N NaOH in 5% sodium
carbonate, 0.15% sodium tartrate and 0.05% copper sulphate
ftollowed by 174 )ul of 5% Folin solution. The optical density
was read after 10 minutes. 'Fig. 1l shows the results obtained
for a micro assay system. It is clear from the result that the

assay 1s capable of estimating protein as low as 0.2 micrograms

in a sample.

EXAMPLE 10

Linearitz of the Assay

This experiment consisted of a batch of five determinations, a,
b, ¢, d and e. Batch ;;xwéégféined 0.2 - 1.2 mg/ml protein in a
total volume of 0.1 ml. Batches b, ¢, d and e contained
protein 2, 3 4 and 5 times the ainount of protein present in
Batch a in a total volume of 0.1. The assays were performed as
described in Example 6, and Fig. 12 shows the results. It is
clear from the results that the assay is linear for up to 0.6-

3.6 mg/ml protein per assay. Protein in excess of 0.8 - 4.8
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mg/ml begins to lose linearity. However, it has been found that

the linearity of the assay can be restored by increasing the

amount of alkaline copper in the assay and correspondingly

increasing the amount of Folin (result not shown).
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CLAIMS

1. A method of assaying protein which comprises the following steps:
(a) contacting together a protein-containing solution and an alkaline copper
solution, the alkali concentration in the copper solution being an operable

concentration of at least O.2N;

(b) contacting together the product of Step (a)
above and Folin reagent, the amount of Folin
reagent being such that the initial pH of the
resultant solution is from 11 to 12; and

(c) allowing the products of ©S5Step (b) above to
incubate at ambient temperature until the
optical density of the solution reaches a
maximum value and reading this maximum optical
density in order to determine the amount of

protein in said protein-containing solution.

2. A method according to claim 1, in which the concentration of alkali 1n said alkaline

copper solution 1s from 0.2 to 2N.

3. A method according to claim 1 or claim 2, i which said pH in step (b) 1s from 11.4

to 11.9.

4. A method according to any of claims 1 to 3, in which the said pH 1n step (b) 1s from

11.5to0 11.8.

5. A method according o any of claims 1 to 4, in which said alkaline copper solution
1s unbuffered 1 order that the pll of said solution during step (b) decreases without

hindrance as the reaction proceeds.

6. A method according to any of claims 1 to 5, in which said alkaline copper solution

contains sodium or potasstum tartrate.
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7. A method according to any one of claims 1 to 6, in which an anionic detergent 18

present in order to counter the influence of nonionic and cationic detergents on the protein

assay.

8. A method according to claim 7, in which said anionic detergent is sodium dodecyl

sulphate.

9. A method according to any of claims 1 to 8, in which said Folin reagent is used in a

solution having an operable concentration of up to 2N.

10. A method according to claim 9, in which the Folin reagent is used in a solution

having an operable concentration of up to 10% Folin.

1. A method according to claim 10, in which the Folin reagent is used in a solution

having a concentration of 5% Folin.

12. A kit for use in assaying protein, said kit comprising:

an alkaline solution in which the concentration of alkali is an operable concentration

of at least 0.2N;

a solution of a cupric salt; and

a solution of Folin reagent having an operable concentration of up to 2N.
13. A kit according to claim 12, in which the constituents of the kit are unbuffered.

14. A kit according to claim 12 or claim 13, in which the solution of Folin reagent has

an operable concentration of up to 10% Folin.

15. A kit according to claim 14, in which the solution of Folin reagént has a

concentration of 5% Folin.
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16. A kit according to any of claims 12 to 15, additionally comprising a solution of

sodium dodecyl sulphate (SDS).

17. A kit according to any of claims 12 to 15, in which either the alkaline solution or

the solution of the cupric salt contains SDS.

18. A kit for use 1n assaying protein, the kit comprising:
an alkaline copper solution in which the concentration of alkali 1s an operable
concentration of at least 0.2N, the solution additionally containing a tartrate; and

a solution of Folin reagent.

19. A kit according to claim 18, in which said tartrate 1s sodium or potassium tartrate.

20. A kit according to claim 18 or claim 19, in which the solution of Folin reagent has

an operable concentration of up to 2N.

21. A kit according to claim 20, in which the solution of Folin reagent has an operable

concentration of up to 10% Folin.

22. A kit according to claim 21, in which the solution of Folin reagent has a

concentration of 5% Folin.

23. A kit according to any of claims 18 to 22, additionally comprising a solution of

SDS.

24. A kit according to any of claims 18 to 22, in which said alkaline copper solution

contains SDS.

25. A kit according to any of claims 18 to 24, in which the constituents of the kit are

unbuffered.
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