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Description
TECHNICAL FIELD
[0001] This invention relates to a process for producing bovine lactoferrin in high purity.
BACKGROUND

[0002] Lactoferrin is known as an iron-binding protein occuring in external secretions such as milk, saliva and the like.
It has been known that lactoferrin bears an important function in dietetic view point to transfer iron and that lactoferrin
possesses bacteriostatic effect, due to its iron-binding property, against pathogenic bacteria which have higher iron-
requiring property. Thus lactoferrin is one of the important milk proteins as a nutrient and also as an infection defensive
substance for human infants and calves along with immunoglobulins and lysozymes. Lactoferin occurs in milk in two
forms, iron-binding and iron-free forms. Though colostrum contains relatively much lactoferrin, but normal milk contains
only a minor amount, for example, 1 liter of cow’s milk contains only 250 mg of lactoferrin.

[0003] In spite of the useful physiological functions of lactoferrin, it has been difficult to isolate and purify lactoferrin
from milk in industrial scale because of its minor proportion in milk.

[0004] Many attempts have been made to develop a process for producing lactoferrin some of which are enumerated
hereunder.

[0005] A process has been proposed wherein casein or whey fraction obtained by precipitation of cow’s skim milk at
isoelectric point of pH 4.6 is subjected to ammonium sulfate fractionation, subsequently a specific fraction obtained is
subjected to column fractionation using several kinds of ion-exchangers to thereby purify bovine lactoferrin (see: M. L.
Groves, J. Am. Chem. Soc., Vol. 82, p.p. 3345 - 3350, 1960; M. L. Groves, Biochem. Biophys. Acta., Vol. 100, p.p. 154
- 162, 1965).

[0006] It has been also proposed that in the process of purification of lactoperoxidase, rennet whey which is adjusted
to pH 7.0 is subjected to adsorption with weakly acidic cation-exchanger, the substances adsorbed to said exchanger
are desorbed with desorbing fluid, the resulted fluid is subjected to ammonium sulfate fractionation, then a specific
fraction obtained is subjected to column fractionation with calcium phosphate or with weakly acidic cation-exchanger
during which step lactoferrin contained as an contaminat is fractionated as a by-product (see: M. Morrison et al, J. Biol.
Chem., Vol. 228, p.p. 767 - 776, 1957; W. G. Gordon et al, Bichem. Biophys. Acta., Vol. 60, p.p. 410 - 411, 1962).
[0007] A process has been proposed wherein human breast milk is subjected to ammonium sulfate fractionation, to
the resulted supernatant fraction ferric ammonium sulfate is added and then the resulted fluid mixture is subjected to
column fractionation with weakly acidic cation-exchanger to thereby purify lactoferrin (P. Querinjean et al, Uer. J. Bio-
chem., Vol. 20, p.p. 420 - 425, 1971).

[0008] A process had been proposed wherein human breast milk is diluted three fold with water containing ferric
ammonium sulfate and then the resulted fluid mixture is subjected to column fractionation with weakly acidic cation-
exchanger to thereby purify lactoferrin ( B. G. Johansson, Acta Chem. Scand., Vol. 23, p.p. 683 - 684, 1969).

[0009] Also affinity chromatography method utilizing fixed monoclonal anti bovine lactoferrin antibody has been known
(see: Unexamined Japanese Patent Application Gazette No. 61(1986)-145200).

[0010] In FR-A-2584727 which was published after the filing of Japanese Patent Application No. 61 (1986)-168,478
from which the Priority is claimed in the present application, there has been disclosed a method for isolating iron-binding
protein from milk from which casein and fats are previously removed by adsorption of the protein with an ion-exchanger
followed by elution of the adsorbed protein at a certain pH condition. The present invention is distinguishable over FR-
A-2584727 in that carboxymethyl group containing cationic exchanger of weakly acidic and having a haemo-globin
absorption property more than 3.5g/100ml are used, and in that the substances adsorbed to the exchangers are washed
with water in the present invention.

[0011] In the article by Zagulski, T. et al. (Prace i Materialy Zootechniezne, 20, 1979, pp. 87-101), a simple method
of obtaining large quantities of bovine lactoferrin is described wherein CM-Sephadex C-50 ion-exchanger is used for
binding bovine lactoferrin directly in defatted milk.

[0012] Conventional methods, however, are unsatisfactory as the methods for industrial mass production of lactoferrin
due to their low efficiencies.

[0013] Moreover, the conventional methods may inevitably deteriorate a large quantity of raw milk-materials, since
they involve addition of one or more of substances to the raw materials during their processes, for example, addition of
ammonium sulfate for fractionation, addition of iron containing fluid for modifying lactoferrin to iron-binding form, and
addition of pH adjusting fluid and so on. Furthermore, in purification of lactoferrin, conventional methods were not simple
owing to utilization of several kinds of exchangers, utilization of various desorbing conditions in column fractionation,
utilization of ammonium sulfate fractionation and so on.

[0014] Application of the affinity chromatography method to industrial production of lactoferrin involves preparation of
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a large quantity of the antibody which entails a cost problem. Furthermore, the conditions of stability of the antibody is
severely confined, and in fact it is very difficult to apply the method to industrial scale production.

[0015] Therefore, it is an object of the present invention to provide a new and useful process for producing bovine
lactoferrin.

[0016] Itis another object of the present invention to provide an improved process for producing lactoferrin in industrial
scale without resulting notable changes to the composition and quality of the raw materials and without complicated
procedures.

[0017] Itis a further object of the present invention to provide a process for industrial production of bovine lactoferrin
in high purity.

SUMMARY OF THE INVENTION

[0018] Pursuant to the present invention, a process is disclosed for producing bovine lactoferrin in high purity with a
simple process and without deteriorating raw milk-materials. The process is as defined in claims 1 and 3 appended hereto.
[0019] Itisimportant to utilize weakly acidic cation exchanger which includes carboxymethyl groups as ion exchanging
groups and has haemoglobin adsorption property equal to or more than 3.5 g /100 ml. The criterion of haemoglobin
adsorption property used in this specification will be explained hereinafter.

[0020] Itis preferable to utilize so called "hard type" of weakly acidic cation-exchanger having a volume variation ratio
equal to or less than 1.5, especially when the process is carried out as a continuous process. The definition of the terms
"volume variation ratio" used in this specification is the value which is given by the bed volume of the Na form of said
exchanger swelled with water (in a column) devided by the bed volume of same equilibrated with sodium chloride solution
having 0.5 ionic strength.

[0021] As a desorbing fluid, a salt solution consisting of one or more of salts selected from the group consisting of
sodium chloride, potasium chloride, calcium chloride and magnesium chloride is utilized.

[0022] When the washing step is utilized, the concentration of the relatively weak salt solution is selected within a
range of 0.4 - 2.5 wt.% and the concentration of the relatively strong salt solution is selected within arange of 1.5- 12 wt.%.

BRIEF DESCRIPTION OF THE DRWING

[0023] Figure 1 is a graph showing absobancy at 280 nm (solid line) and lactoferrin concentration per 100 m¢ (dotted
line) of the fractionated solutions which are recovered from exchanger after rinsing step, by stepwise elution with sodium
chloride solutions having different concentrations.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024] The present invention has particular utility for producing highly purified bovine lactoferrin in industrial scale.
[0025] For the purposes of this invention skim milk and whey which include lactoferrin and are originated from cow’s
milk are used as raw materials. Either of acid and sweet wheys can be used. Hereinafter these materials will be referred
to as raw milk-materials. Preferably raw milk-materials are used without sterilization (by heating), since bovine lactoferrin
tend to be denaturated since lactoferrin is rather sensitive to heating.

[0026] It is said that the isoelectric point of lactoferrin is 7.8. and lactoferrin is positively charged when pH of raw milk-
materials is lower than 7.8. In other words, lactoferrin is positively charged in any of skim milk of pH 6.7, sweet whey of
pH 6.4 and acid whey of pH 4.6. Furthermore lactoferrin is positively and more strongly charged as pH of raw milk-
materials decreases. On the other hand isoelectric points of most of other proteins contained in raw milk-materials are
approximately 5 which are lower than that of lactoferrin. Therefore most of proteins othere than lactoferrin are negatively
charged at the pH range of skim milk and sweet whey, and they are placed in isoelectric point or positively but weakly
charged at the pH range of acid whey.

[0027] The presentinvention aims to utilize the difference of electrifying property of proteins for isolation of lactoferrin.
In other words, in the present invention, lactoferrin is preferentially adsorbed to ion-exchanger utilizing the deference of
signs (positive or negative) or magnitude of the electrification of charged proteins. Consequently it is essential to utilize
cation-exchanger in this invention.

[0028] Lactoferrin is a protein having the molecular weight of about 80,000 dalton and a very big molecular size. In
orderto carry out the presentinvention in industrial scale, itis necessary to use porous cation-exchanger so that molecules
of lactoferrin may freely enter into the porous structure thereof and a large quantity of lactoferrin can be adsorbed thereto.
[0029] As anindex of porosity of exchanger, adsorption property of exchanger for haemoglobin which is typical protein
having a large molecular weight can be used. In this specification, adsorption property for haemoglobin is determined
as explained hereunder.

[0030] Dissolving 400 mg of haemoglobin into 0.05 M citric acid buffer solution containing sodium citrate and adjusted
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to pH 5.0, 100 m¢ of haemoglobin solution was prepared. To the haemoglobin solution, 2 m¢ of the Na form of cation-
exchanger swelled with water and equilibrated with same buffer solution was added. After 2 hours stirring at 25 °C, said
exchanger was collected and washed with the buffer solution to collect haemoglobin which was not adsorbed to said
exchanger. Total quantity of haemoglobin which was not adsorbed to said exchanger, i. e. the quantity of haemoglobin
collected by washing and that remained in haemoglobin solution was measured, thereby quantity of haemoglobin ad-
sorbed to said exchanger was calculated. Resulted value is used in this specification as haemoglobin adsorption property
per 100 m¢ of the Na form of swelled cation-exchanger.

Test 1

[0031] The purpose of this test is to exemplify the optimum exchanger to be utilized in this invention.

[0032] Ten kinds of available cation-exchangers used in this test is shown in Table 1. Each of the exchangers were
preliminarily converted to the Na form and swelled with water. To each 1 kg of raw skim milk (pH 6.7), 10 m¢ of each of
exchangers was respectively added. After 16 hours stirring of the mixture at 4° C, each of said exchangers were collected
and rinsed respectively to remove unadsorbed substances. Each of rinsed exchangers was treated with 150 m¢€ of 10
% sodium chloride sulution, the substances adsorbed to said exchanger were desorbed and recovered in the solution.
The lactoferrin content in the recovered sodium chloride solution was measured by Laurell’s method (C-B. Laurell, Anal.
Biochem., Vol. 15, p. 45, 1966). The results are shown in Table 1, The pH values of respective skim milk after adsorption
step are also shown in Table 1.
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Furthermore, proportions (%) of lactoferrin to total proteins included in the respective recovered solution can

be obtained as approximate values from the absorbancy ratio at 280 nm of lactoferrin to that of total proteins (based on
the absobancy which is 12.7 at 280 nm for 1 % solution of pure lactoferrin). Resulted values are also shown in Table 1.

[0033]
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The method of measuring concentration of protein utilizing absorbancy at 280 nm is widely adopted. In fact the value
calculated as absorbancy ratio (%) was almost equal to the proportion of lactoferrin obtained by Laurell’'s method to the
total proteins, since the proportion of lactoferrin to total protein in the recovered solution was very high (e. g. see Example
2and 7).

[0034] Aswillbeseenfrom Table 1, weakly acidic cation-exchangers (Experiment No. 7 - 10) which have carboxymethyl
groups as ion-exchanging groups and haemoglobin adsorbing property of more than 3.5 g/100 m¢ gave good yields of
lactoferrin and high purity over 90 %. In contrast, weakly acidic cation-exchangers (Experiment No. 1 - 4) having ion-
exchanging groups other than carboxymethyl groups gave poor yields of lactoferrin and very low purity. It will be also
noted that even if weakly acidic cation-exchangers have carboxymethyl groups as ion-exchanging groups, if their hae-
moglobin adsorption property is lower than 3.5 g/ 100 m¢ (Experiment No. 5 - 6), then yields and purity of lactoferrin
were very low. From the resuts of this test it was concluded that aforesaid two conditions are essential.

[0035] It was also confirmed that there was almost no change in pH values of skim milk after adsorption and that there
was no change in appearance, taste and flavour in Experiments No. 7 - 10.

Test 2

[0036] The purpose of this test is to exemplify applicable counter ions for weakly acidic cation-exchangers to be utilized
in the present invention.

[0037] Five lots of exchanger each contains 30 m¢ of CM-Sepharose FF (by Pharmacia) which was found proper to
be utilized in this invention in Test 1 were prepared. The exchanger in respective lots was treated with 500 g each of
ion substituting solutions shown in table 2, and then rinsed respectively to obtain several samples of the exchanger
having different counter ions. To 5 lots of raw materials each consisting of 1 kg of skim milk solution, each of said
exchanger samples was added respectively. After 16 hours stirring at 4° C, each of said exchanger samples was collected
from raw materials and rinsed, then subjected to desorption step using 300 m¢ of 10 % soduim chloride solution to
recover the substances adsorbed to said exchanger. Yields and purities of lactoferrin included in the recovered solutions
and pH values of skim milk solutions after adsorption step are shown in Table 2.

Table 2
Experiment No. 11 (H) 12 (Na) 13 (K) 14 (Ca) 15 (Mg)
(counter ion form)
solution for ion* 0.8 % HCt¢ | 10%NaCt | 12.4 % KC€ | 12.2 % CaC«+2H,0 | 16.2 % MgC€,*6H,0
substitution
lactofer. yield *1 123 mg 111 mg 98 mg 108 mg 102 mg
lactofer. purity *2 89 wt.% 87 wt. % 87 wt. % 92 wt. % 91 wt.%
pH of skim milk *3 6.6 6.7 6.7 6.7 6.7
*1 : lactoferrin yield
*2: purity of lactoferrin to total proteins recovered
*3: pH of skim silk after adsorption step

[0038] As will be seen from Table 2, regardless of the kinds of counter ions used, good yields over 90 mg and good
purities over 80 % of lactoferrin to total proteins are attained. There was no notable changes in pH values, appearance,
taste and flavour of skim milk solutions after adsorption step.

[0039] From this test, it was concluded that any of counter ions, H, Na, K, Ca and Mg can be used as counter ions for
weakly acidic cation-exchangers in this invention.

[0040] Now it has been exemplified that highly purified lactoferrin can be produced in accordance with the process of
the present invention.

Test 3

[0041] The purpose of this test is to exemplify the advisability of an additional step wherein rinsed exchanger is washed
with a relatively weak salt solution consisting of one or more of salts selected from the group consisting of sodium
chloride, potassium chloride, calcium chloride and magnesium chloride to remove the adsorbed contaminants.

[0042] Preparation of the Na form of cation-exchanger was such that 0.4 g of CM-Sephadex C 50 (by Pharmacia)
which included carboxymethyl groups as ion exchanging groups and had haemoglobin adsobing property of 3.9 g/ 100
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m¢ was swelled with water.

[0043] To 2.0 kg of raw skim milk (pH 6.7) originated from cow’ milk, 18 m¢ of said swelled exchanger was added.
After stirring the resulted mixture for 16 hours at 4 °C, said exchanger was collected by cloth filter and packed into a
column and rinsed with water to remove substances which were not adsorbed to the exchanger. Each of 50 m¢ of sodium
chloride solutions having different concentrations shown under the abscissa in Fig. 1 was stepwisely passed through
said column in increasing order of concentrations to elute every fractions. Absorbancies at 280 nm and concentrations
of lactoferrin of every fractions were measured. The results are shown in Fig. 1.

[0044] From the curve of absorbancy in Fig. 1, it will be found that proteins desorbed from said exchanger are frac-
tionated into two fractions as the concentration of sodium chloride increases. It was assumed that the majority of proteins
contained in the first fraction obtainable under lower concentrations was ones other than lactoferrin and that the majority
of proteins contained in the second fraction obtainable under higher concentrations was lactoferrin. The boundary of
concentration which may separate the two fractions was found between 1.4 - 1.6 %.

[0045] From the results of this test, it was suggested that lactoferrin in higher purity could be yielded if exchanger is
treated with relatively weak solution to desorb contaminant protein, and then treated with relatively strong solution to
desorb the majority of lactoferrin.

Test 4

[0046] The purpose of this test is to exemplify that the assumption is correct.

[0047] To 2.0 kg of raw skim milk originated from cow’ milk, 0.4 g of the Na form of CM-Sephadex swelled as in Test
3 was added. After stirring for 16 hours at 4 °C, the exchanger was collected using cloth filter and packed into a column.
After rinsing the column to remove substances which were not adsorbed to said exchanger, 100 m¢€ of 1.6 % sodium
chloride solution was passed through said column to remove a first fraction and then 100 m¢ of 5 % sodium chloride
solution was passed through said column to obtain a second fraction. The concentration of lactoferrin in the second
fraction was 176 mg/ 100 m¢€ by Laurell’s method and absorbancy at 280 nm was 2.25. Thus 176 mg of lactoferrin was
yielded and the purity of lactoferrin was 99 % which was calculated from absorbancy at 280 nm (176 x 0.0127 x 100/ 2.25).
[0048] From the results of the forgoing tests it was confirmed that the additional step of desoption with relatively weak
salt solution is preferable to increase purity of lactoferrin to be yielded.

[0049] It will be understood that highly purified lactoferrin can be produced by the process of this invention.

[0050] It will be also understood that purity of lactoferrin can be further increased by a modification of the process
wherein an additional step is incorporated.

[0051] It will be apparent to those skilled in the art from the forgoings that one or more of salts selected from the group
consisting of sodium chloride, potassium chloride, calcium chloride, and magnesium chloride can be utilized for the
relatively weak solution in the additional step.

[0052] It will be apparent from the forgoings that one or more of salts selected from the same group can be utilized
for the relatively strong solution to be used in desorbing step after the additional step. Though the range of concentrations
for these solutions may vary depending upon the salts to be used, approximate range for the weak solution is 0.4 - 2.5
and for the strong solution 1.5 - 12.

[0053] It will be also apparent that the adsoption step can be carried out batchwisely or continuously. In the former
case, vessels with stirrer can be utilized, and in the latter case, columns can be utilized. In either cases, it is important
that raw milk-materials can be sufficiently contacted with ion-exchanger.

[0054] Volume ratio of raw milk-materials to ion exchanger in batchwise process can be adjusted depending upon the
adsorbing property of the exchanger to be used and desired efficiency of the process, e. g., when better yield per a
certain quantity of raw milk-materials is desired, said ratio should be decreased, and when better yield per a certain
quantity of exchanger is required, said ratio should be increased. Volume of exchanger to be packed in a column in
continuous process can also be adjusted depending upon the adsobing property of exchanger to be used and desired
efficiency of the process.

[0055] The temperature at which the adsorption step is carried out should be limited within a range of 0 - 60 °C, since
lactoferrin tend to denaturalized at temperatures over 60 °C. When raw milk-materials which are neither sterilized nor
pasturized are used, the adsorption step is desirably carried out between 0 - 10 °C.

[0056] The period of time during which raw milk-materials are contacted with exchanger can be properly selected
paying consideration to the processing temperature, type of systems to be utilized (batchwize or continuous) and so on.
[0057] As previously mentioned, it is preferable to use so called "hard type" of exchanger, especially the present
process is continuously carried out utilizing columns. The reason is that so called "soft type" of exchanger likly to change
its volume depending upon ionic strength, pH and the like and readily be compressed when a liquid is passed through
the column in a higher flow rate. This may lead large pressure loss, especially raw milk-materials are passed through
the column.

[0058] Preparation of swelled exchanger, for example the Na form of exchanger, is such that, the Na form of dried
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exchanger can simplly be swelled with water. If the exchanger is not Na form, it can be converted into the Na form by
treatment with 10 % solution of sodium chloride, followed by rinsing. This rinsing procedure must be made untill chloride
ion cannot be detected.

[0059] Among the exchangers enumerated in Table 1, CM TOYOPEARL 650M, CM-SEPHAROSE FF and SEPA-
BEADS FP-CM13 are classifyed into hard type which have same volume variation ratio, 1.0. CM-SEPHADEX C-50 is
clasiifyed into soft type volume variation ratio of which is 3.0.

[0060] It should be noted that only a single stage of desorption step is sufficient when the process is carried out in
accordance with the basic process of this invention and that only two stages of desorption step, one is for desoption of
contaminat protein and the other is for desoption of lactoferrin, are sufficient when the additional step is incorporated.
[0061] Demineralization and dehydration for recovered solution can be carried out by the conventional methods, for
example, demineralization can be carried out by ultrafiltration, electrodialysis and any other dialytic methods until salts
are removed to the desired extent and dehydration can be carried out by freezedrying and spray drying.

[0062] Now preferred embodiments will be described hereunder.

Example 1

[0063] Packing 500 m¢ of CM-TOYOPEARL 650C (by TOYOH SOHDA) was packed in a column of 10 cm diameter,
passing therethrough 2 ¢ of 10 wt.% sodium chloride solution, and then rinsing with distilled water, a column of the Na
form of said exchanger was prepared. The characteristics of the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 4.6 g/ 100 m¢€
volume variation ratio: 1.0

[0064] Through said column, 60 € of raw skim milk originated from cow’s milk, pH 6.7, was passed at 4°C, 4 €/ h.
There was no change in pH value, appearance, taste and flavour of the skim milk after the adsorption step. After rinsing
the column to remove skim milk, 5 € of 10 % sodium chloride solution was passed through said column at 5 €/ h to desorb
substances which were adsorbed to said exchanger, to thereby recover 5.0 € of the solution containing the desorbed
substances. During the forgoing procedures, no change in bed volume was observed.

[0065] The concentration of lactoferrin in the recovered solution was 36 mg/ 100 m¢, and absobancy at 280 nm was
0.497. A yield of 1800 mg of lactoferrin was attained, and its purity was calculated as approximately 92 % (36 x 0.0127
x 100/ 0.497).

Example 2

[0066] Packing 1 € of CM-SEPHAROSE FF (by PHARMACIA) into a column, conducting 2 € of 0.1 N HC{ solution
into the column, and then rinsing said exchanger, the H form of said cation exchanger was prepared. The characteristics
of the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 6.1 g/ 100 m¢€
volume variation ratio: 1.0

[0067] The H form of said exchanger was collected and added into 100 € of raw skim milk (pH 6.7) originated from
cow’s milk to treat skim milk batchwisely at 4 °C for 6 hours. Following this adsoption step, exchanger was collected by
cloth filter. The pH value of the skim milk after adsorption step was 6.7, and there was no change in pH, appearance,
taste and flavour.

[0068] The collected exchanger was repacked into a column, and subjected to rinsing to remove skim milk. At a flow
rate of 5 €/ h, 5 € of 10 % sodium chloride solution was passed through the column, thereby 5.0 € of the solution containing
desorbed substances was recovered. During the foregoing procedures, there was observed no change in bed volume.
The concentration of lactoferrin in the recovered solution was 110 mg/100 m¢, absorbancy at 280 nm was 1.47. A yield
of 5500 mg lactoferrin in the recovered solution was attained, and its purity was approximately calculated as 95 % (110
x 0.0127 x 100/ 1.47).

[0069] Using ultrafiltration module (type labo - 20, by DDS) installed an ultrafiltration membrain GR61PP (by DDS)
having fractionating molecular weight of 20,000, 4.9 ¢ of the recovered solution was subjected to ultrafilitaration under
circulatin ratio of 8 €/ min., mean pressure of 3 kg/ cm?, the filirate was then subjected to diafiltration for demineralization.
The condensed demineralized solution was freeze dried to thereby yield 4.1 g of lactoferrin. Composition of this dried
product was such that: 3.2 % moisture; 0.3 % ash; 92 % lactoferrin. The ratio of lactoferrin occupied in total proteins
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contained in the product was 95 % which agreed with the value approximately calcalated from absorbancy ratio at 280
nm (92 x 100/ (100 - 3.2- 0.3)).

Example 3

[0070] Sterilizing cow’s milk, adjusted to 3.0 % fat contents, at 75 °C for 15 sec., then cooling to 30 °C, 100 kg of
sterilized milk was obtained. To the sterilized milk, calcium chloride solution prepared by dissolving 5 g of calcium chloride
into 50 m¢ of water and 1 € of starter (Streptococcus lactis) were added. To this mixture, 2 g of rennet dissolved into
500 m¢ of water was added. The resulted coagulation was subjected to cutting and cooking procedures to thereby obtain
whey. The supernatant fluid of resulted whey was sterilised at 75°C for 15 sec to thereby obtain sterilized cheese whey,
pH 6.4, 19 mg/ 100 m¢ lactoferrin concentration. Treating 2.5 g of CM-SEPHADEX C-50 (by PHARMACIA) with sodium
chloride solution, then swelled with water, 113 € of the Na form of said exchanger was prepared. The characteristics of
the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 3.9 g/ 100 m¢
volume variation ratio: 3.0

[0071] To 50 kg of the cheese whey, 113 m¢ of the prepared exchanger was added. After 16 hours stirring at 4 °C.
said exchanger was collected with cloth filter. The pH value of the cheese whey after adsorption step was 6.4 (unchanged)
and no change in appearance, taste and flavour was observed.

[0072] The collected exchanger was repacked into a column, then subjected to rinsing to remove whey. The bed
volume at this time was B7 m¢, and volume variation ratio 1.3 (113/87). The rinsed exchanger was subjected to desorption
step, with 500 m¢€ of 10 % sodium chloride solution, 250 m¢/ h flow rate, to thereby recover 550 m¢ of the solution
containing desorbed substances. The bed volume at this time was 24 m¢ and volume variation ratio of the bed volume
was 4.7 (113/ 24). The concentration of lactoferrin in the recovered solution was 224 mg/ 100 m¢, and the absorancy
at 280 nm was 3.05. A yield of 1230 mg of lactoferrin was attained, purity of lactoferrin in total protein was 93 % which
agreed with approximately calculated absorancy ratio (224 x 0.0127 x 100/ 3.05).

Example 4

[0073] Raw skim milk originated from cow’s milk was elevated its temperature to 35 °C, adjusted to pH 4.6 with dropping
chloric acid, diluted 9 times, under stirring. The resulted curd was removed to obtain acid whey. The pH of the whey
was 4.6, and lactferrin concentration was 26 mg/ 100 m¢.

[0074] Packing 100 m¢ of SEPABEADS FP-CM13 (by MITSUBISHI KASEI) into a column, 200 m¢ of 0.1 N HCt
solution was passed therethrough and then rinsed, the H form of said exchanger was prepared. The characteristics of
the exchangerwere as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 4.5 g/ 100 m¢€
volume variation ratio: 1.0

[0075] The resulted exchanger was added into 10 € of said acidic whey. After 16 hours stirring at 4 °C, said exchanger
was collected and repacked into a column. The pH of the acid whey after adsorption step was 4.7, and the change in
pH was minor, and no change in appearance, taste and flavour was observed.

[0076] After rinsing the repacked exchanger to remove whey, 500 m¢€ of 10 % sodium chloride solution was passed
through the column at 500 m¢/ h. flow rate to thereby recover 500 m¢ of solution containing desorbed substances. During
the forgoing procedures, there was observed no change in bed volume. The recovered solution showed 280 mg/ 100
m¢ lactoferrin concentration, 3.78 absorbancy at 280 nm. A yield of 1400 mg of lactoferrin was attained, and its purity
in total proteins was 94 % which agreed with approximately calculated absorbancy ratio (280 x 0.0127 x 100/ 3.78).

Example 5

[0077] Swelling 25 g of CM-SEPHADEX ¢c-50 (by PHARMACIA) with water, 1130 m¢ of the Na form of said exchanger
was obtained. The characteristics of the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 3.9 g/ 100 m¢€
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volume variation ratio: 3.0

[0078] The obtaind exchanger was added to 100 kg of raw skim milk heated to 55 °C, pH 6.7. After 1 hour stirring at
the same temperature, said exchangre was collected by cloth filter. The pH of skim milk after adsorption step was
unchanged 6.7, no change in appearance, taste and flavour was observed.

[0079] The collected exchanger was repacked into a column, then rinsed to remove remaining skim milk. The bed
volume at this time was 800 m¢, and volume variation ratio was 1.4 (1130/ 800). Thereafter 7 € of 5 % sodium chloride
solution was passed through the column to desorb the adsorbed substances, thereby recovered 7.6 € of solution con-
taining desorbed substances. The bed volume at this time was 340 m¢, and volume variation was 3.3 (1130/ 340). The
recovered solution showed 130 mg/ 100 m¢ lactoferrin concentration, 1.97 absorbancy at 280 nm. A yield of lactoferrin
of 9.9 g was attained, and its purity in total proteins was 84 % which aggreed with the value approximately calculated
from absorbancy ratio at 280nm (130 x 0.0127 x 100/ 1.97).

Example 6

[0080] Packing 1000 m¢ of SEPABEADS FP-CM13 (by MITSUBISHI KASEI) into a column, 10 cm diameter, 2 € of
12 % potassium chloride solution was passed through the column, then rinsed, the K form of said exchanger was
prepared. The characteristics of the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorbing property: 4.5 g/ 100 m¢
volume variation ratio: 1.0

[0081] Subsequently thereafter 96 kg of raw skim milk originated from cow’s milk, pH 6.7, was continuously passed
through said column at 6 ¢/ h flow rate, at 4 °C. The pH of the skim milk after adsorption step was unchanged 6.7, and
no change in appearance, taste and flavour was observed. Rinsing said column with water to remove skim milk. 20 €
of 2.5 % potassium chloride solution was passed through said column to remove contaminants adsorbed to said ex-
changer. Subsequently thereto 10 € of 12 % potassium chloride solution was passed thrugh said column to desorb the
adsorbed substances, thereby 10.0 € of solution was recovered. During the foregoing procedures, no volume variation
was observed. The recovered solution showed 62 mg/ 100 m¢ lactoferrin concentration, 0.79 absorbancy at 280 nm. A
yield 6.2 g of lactoferrin was in total proteins was 99.7 % (62 x 0.0127 x 100/ 0.79).

Example 7

[0082] Swelling 2.5 g of CM-SEPHADEX C-50 (by PHARMACIA) with water, 113 m{ of the Na form of said exchanger
was prepared. The charactyeristics of said exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 3.9 g
volume variation rate: 3.0

[0083] The obtained exchanger was added to 10 € of raw skim milk originated from cow’s milk, pH 6.7. After 16 hours
stirring at 4 °C, said exchanger was collected by cloth filter. The pH of the skim milk after adsorption step was unchanged
6.7, and no change in appearance, taste and flavour was observed. The collected exchanger was packed into a column,
then rinsed with water to remove skim milk. The bed volume at this time was 82 m¢, and the volume variation ratio was
1.4 (113/ 82). Through said column, 2.0 € of 1.6 % sodium chloride solution was passed to remove contaminants, then
1.0 €0f5.0 % sodium chloride solution was passed through said column to desorb substances adsorbed to said exchanger,
thereby 1.1 € of solution was recovered. The bed volume at this time was 35 m¢, and volume variation ratio was 3.2
(113/ 35). The recovered solution showed 61 mg/ 100 m¢ lactoferrin concentration, 0.78 absorbancy at 280 nm. A yield
of 670 mg lactoferrin was attained, and its purity in total proteins was 99.3 % which agreed with the value approximately
calculated from absorbancy ratio at 280 nm (61 x 0.0127 x 100/ 0.78).

[0084] The recovered solution was subjected to dialysis with a dialysis tube against deionized water to remove sodium
chloride, then resulted solution was freeze dried, thereby 650 mg of dry product was obtained. The composition of the
dry product was 2.9 % moisture, 96.2 % lactoferrin, 0.5 % ash. The proportion of lactoferrin to total proteins in the product
was 99.6 % which was found to be almost equal to the value approximately calculated from absorbancy ratio (96.2 x
100/ (100 - 2.9 - 0.5)).

10
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Example 8

[0085] Packing 500 m ¢ of CM-TOYOPEARL 650C into a column, 5 ¢ of 2.0 % magnesium chloride solution was
passed therethrough, then rinsed, thereby the Mg form of said exchanger was prepared. The characteristics of the
exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorption property: 4.6 g/ 100 m¢
volume variation ratio: 1.0

[0086] The resulted exchanger was added to 50 € of raw skim milk originated from cow’s milk, pH 6.7. After 1 hour
stirring at 55°C, said exchanger was collected by cloth filter. The pH of skim milk after adsorption step was unchanged
6.7, and any change in appearance, taste and flavour was observed.

[0087] The collected exchangerwas repacked intoacolumn, rinsed to remove skim milk, then 10 € of 0.55 % magnesium
chloride solution was passed through said column to remove contaminants, and finally 5 € of 2.0 % magnesium chloride
solutuion was passed through said column thereby 5.0 € of solution containing desorbed substances was recovered.
During the forgoing procedures no variation in bed volume was observed.

[0088] The recovered solution showed 45 mg/ 100 m¢ lactoferrin concentration, 0.58 absorbancy at 280 nm. A yield
of 2250 mg lactoferrin was attained, and its purity in total protein was 98.5 % which agreed with the value approximately
calculated from absorbancy ratio at 280 nm (45 x 0.0127 x 100/ 0.58).

Example 9

[0089] To the raw skim milk originated from cow’s milk heated to 35 °C, chloric acid, diluted 9 times, was dropped to
adjust to pH 4.6 under stirring, then the resulted curd was removed, thereby acid whey was prepared. The acid whey
showed pH 4.6, 25 mg/ 100 m¢{ lactoferrin concentration. Adding water to 2.5 g of CM-SEPHADEX C-50 (by PHARMACIA)
to prepare 113 m¢{ of the Na form of said exchanger swelled. The characteristics of the exchanger were as follow:

ion exchanging groups: carboxymethyl groups
haemoglobin adsorbing property: 3.9 g/100 m¢
volume variation ratio: 3.0

[0090] To the resulted mixture, chloric acid was added to prepare 0.1 N solution, then rinsed, to thereby the H form
of said exchanger was prepared. The bed volume at this time was 73 ml, and the volume variation ratio was 1.5 (113/
73). The resulted exchanger was added to 10 € of said acid whey. After 16 hours stirring at 4 °C, said exchanger was
collected and repacked into a column, then rinsed to remove remaining whey. The bed volume at this time was 39 m¢,
and volume variation ratio was 2.9 (113/39). After rinsing, 2 € of 0.6 % calcium chloride solution was passed through
said column to remove contaminants, then 1 € of 5.0 % calcium chloride solution was passed through said column to
desorb adsorbed substances thereby 1.0 € of solution containing desorbed substances was recovered. The bed volume
at this time was largely reduced to 14 m¢, and the volume variation ratio was 8.1 (113/ 14).

[0091] The recovered solution showed 61 mg/ 100 m¢ of lactoferrin concentration, and 0.78 of absobancy at 280 nm.
A yield of 610 mg of lactoferrin was attained, and its purity in total proteins was 99.3 % which agreed with the value
approximately calculated from absorbancy ratio (61 x 0.0127 x 100/0.78).

Example 10

[0092] The solution from which contaminat proteins were removed by passing 20 € of 2.5 % potassium chloride solution
through said column was obtained as in example 6. Through said column, 10 € of 5 % sodium chloride solution was
passed to desorb adsorbed substances thereby 10.0 € of solution containing desorbed substances was recovered. The
bed volume untill this step was unchanged. The recovered solution showed 65 mg; 100 m¢{ lactoferrin concentration.
0.83 absorbancy at 280 nm. A yield of 6.5 g lactoferrin was attained, and its purity to taotal proteins was 99.5 % which
agreed with the value approximately calculated from absobancy ratio (65 x 0.0127 x 100; 0.83).

EFFECTS OF THE INVENTION

[0093] The effects achieved by this invention are as follows:

(1) Lactoferrin can be isolated without deteriorating raw milk-materials.

11
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(2) Highly purified lactoferrin can be produced with a simple process.
(3) Raw milk-materials can be efficiently treated, and industrial production of lactoferrin was enabled.

A process for producing bovine lactoferrin in high purity from raw milk materials containing skim milk or whey
originating from cow’s milk which process consists of:

(a) an adsorption step wherein said raw materials are contacted at a temperature between 0-60°C with a weakly
acidic cation-exchanger which includes carboxymethyl groups as ion exchanging groups and which has an
haemoglobin adsorbing property of more than 3.5g/100ml of the Na form of the swelled cationic-exchanger at
25°C,

(b) arinsing step wherein said exchanger is washed with rinsing means, said rinsing means consisting of water
to remove substances other than those adsorbed to said exchanger, and

(c) optionally awashing step wherein said exchanger is washed with further washing means, said further washing
means being a relatively weak salt solution within a concentration range of 0.4-2.5 wt.% consisting of one or
more of salts selected from the group consisting of sodium chloride, potassium chloride, calcium chloride and
magnesium chloride to remove contaminants, and

(d) adesorption step wherein the substances adsorbed to said exchanger are desorbed therefrom with desorbing
means, said desorbing means being a salt solution consisting of one or more salts selected from the group
consisting of sodium chloride, potassium chloride, calcium chloride and magnesium chloride to thereby yield
highly purified bovine lactoferrin, wherein the purity of the yielded bovine lactoferrinie. proportion (%) of lactoferrin
to total proteins in the final product is equal to or more than 80% of the total proteins desorbed from said
exchanger, wherein when said optional washing step is undertaken, said desorbing means is a relatively strong
salt solution within a concentration range of 1.5-12 wt.% consisting of one or more salts selected from said
group of salts.

The process as claimed in claim 1, wherein said exchanger is so called "hard type" exchanger having a volume
variation ratio equal to or less than 1.5.

A process for producing bovine lactoferrin in high purity from raw milk materials containing skim milk or whey
originating from cow’s milk which process consists of:

(a) an adsorption step wherein said raw materials are contacted at a temperature between 0-60°C with a weakly
acidic cation-exchanger which includes carboxymethyl groups as ion exchanging groups and which has an
haemoglobin adsorbing property of more than 3.5 g/100 ml of the Na form of the swelled cationic-exchanger at
25°C,

(b) arinsing step wherein said exchanger is washed with rinsing means, said rinsing means consisting of water
to remove substances other than those adsorbed to said exchanger; and

(c) a washing step wherein said exchanger is washed with further washing means, said further washing means
being a relatively weak salt solution within a concentration range of 0.4-2.5 wt.% consisting of one or more salts
selected from the group consisting of sodium chloride, potassium chloride, calcium chloride and magnesium
chloride to remove contaminants; and

(d) adesorption step wherein the substances adsorbed to said exchanger are desorbed therefrom with desorbing
means, said desorbing means being a relatively strong salt solution prepared within a concentration range of
1.5-12 wt.% consisting of one or more salts selected from those described in step (c) above, wherein the said
purity of the yielded lactoferrin ie. proportion (%) of lactoferrin to total proteins in the final product is equal to or
more than 95% of the total proteins desorbed from said exchanger.

Revendications

1.

Procédé de production de la lactoferrine bovine de haute pureté a partir de matiéres premiéres laitieres contenant
du lait écrémé ou du petit-lait provenant du lait de vache, qui comprend :

(a) un stade d’adsorption au cours duquel ces matieres premiéres sont mises en contact, a une température
entre 0 et 60°C, avec un échangeur de cations faiblement acide qui comprend des radicaux carboxyméthyle
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comme radicaux échangeurs d’ions et a une capacité d’adsorption de 'hémoglobine supérieure a 3,5 g pour
100 ml de la forme Na de I'échangeur de cations gonflé a 25°C;

(b) un stade de ringage au cours duquel I'échangeur est lavé avec un moyen de ringage, ledit moyen de ringage
consistant en de I'eau pour éliminer les substances autres que celles adsorbées sur ledit échangeur, et

(c) facultativement, un stade de nettoyage dans lequel ledit échangeur est nettoyé avec un moyen de nettoyage
supplémentaire, ledit moyen de nettoyage supplémentaire étant une solution relativement diluée a une con-
centration de I'intervalle de 0,4 a 2,5% en poids constituée d’un ou plusieurs sels choisis dans la classe formée
par le chlorure de sodium, le chlorure de potassium, le chlorure de calcium et le chlorure de magnésium pour
séparer les contaminants, et

(d) un stade de désorption au cours duquel les substances adsorbées sur ledit échangeur en sont désorbées
avec un moyen de désorption, ledit moyen de désorption étant une solution constituée d’'un ou plusieurs sels
choisis dans la classe formée par le chlorure de sodium, le chlorure de potassium, le chlorure de calcium et le
chlorure de magnésium pour donner de la lactoferrine bovine hautement purifiée, dans lequel la pureté de la
lactoferrine produite c’est-a-dire la proportion (%) de lactoferrine par rapport aux protéines totales dans le produit
final est égale ou supérieure a 80% des protéines totales désorbées dudit échangeur, dans lequel quand ledit
stade de nettoyage facultatif est entamé, ledit moyen de désorption est une solution relativement concentrée
a une concentration de lintervalle de 1,5 a 12% en poids constitué d’un ou plusieurs sels choisis dans ladite
classe des sels.

2. Procédé suivant la revendication 1, dans lequel ledit échangeur est un échangeur dit de "type dur" présentant un

rapport de la variation de volume égal ou inférieur a 1,5.

3. Procédé de production de la lactoferrine bovine de haute pureté a partir de matieres premiéres laitieres contenant

du lait écrémé ou du petit-lait provenant du lait de vache, qui comprend :

(a) un stade d’adsorption au cours duquel ces matieres premiéres sont mises en contact, a une température
entre 0 et 60°C, avec un échangeur de cations faiblement acide qui comprend des radicaux carboxyméthyle
comme radicaux échangeurs d’ions et a une capacité d’adsorption de I’hémoglobine supérieure a 3,5 g pour
100 ml de la forme Na de I'échangeur de cations gonflé a 25°C;

(b) un stade de ringage au cours duquel I'échangeur est lavé avec un moyen de ringage, ledit moyen de ringage
consistant en de I'eau pour éliminer les substances autres que celles adsorbées sur ledit échangeur, et

(c) un stade de nettoyage dans lequel ledit échangeur est nettoyé avec un moyen de nettoyage supplémentaire,
ledit moyen de nettoyage supplémentaire étant une solution relativement diluée a une concentration de l'inter-
valle de 0,4 a 2,5% en poids constituée d’'un ou plusieurs sels choisis dans la classe formée par le chlorure de
sodium, le chlorure de potassium, le chlorure de calcium et le chlorure de magnésium pour séparer les conta-
minants, et

(d) un stade de désorption au cours duquel les substances adsorbées sur ledit échangeur en sont désorbées
avec un moyen de désorption, ledit moyen de désorption étant une solution relativement concentrée préparée
a une concentration de l'intervalle de 1,5 a 12% en poids constituée d’'un ou plusieurs sels choisis parmi ceux
décrits au point (c) ci-dessus, dans lequel ladite pureté de la lactoferrine produite c’est-a-dire la proportion (%)
de lactoferrine par rapport aux protéines totales dans le produit final est égale ou supérieure a 95% des protéines
totales désorbées dudit échangeur.

Patentanspriiche

1. Verfahren zum Herstellen von Rinder-Lactoferrin mit hoher Reinheit aus Rohmilchstoffen, die aus Kuhmilch stam-
mende Magermilch oder Molke enthalten, welches Verfahren umfasst:

(a) einen Adsorptionsschritt, worin die Ausgangsstoffe bei einer Temperatur zwischen 0° und 60°C mit einem
schwach sauren Kationenaustauscher kontaktiert werden, der als Gruppen fiir den lonenaustausch Carboxy-
methyl-Gruppen enthalt und fir Himoglobin ein Adsorptionsvermégen von mehr als 3,59/100 ml der Na-Form
des gequollenen Kationenaustauschers bei 25°C hat;

(b) einen Spulschritt, bei dem der Austauscher mit Spulmittel gewaschen wird, wobei das Spulmittel aus Wasser
besteht, um die nicht von dem Austauscher adsorbierten Substanzen zu entfernen und

(c) wahlweise einen Waschschritt, worin der Austauscher mit weiterem Waschmittel gewaschen wird und das
weitere Waschmittel eine relativ schwache Salzlésung innerhalb eines Konzentrationsbereichs von 0,4 % bis
2,5 Gew.% ist und aus einem oder mehreren Salzen besteht, die ausgewahlt sind aus der Gruppe, bestehend
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aus Natriumchlorid, Kaliumchlorid, Calciumchlorid und Magnesiumchlorid, um Verunreinigungsstoffe zu entfer-
nen, und

(d) einen Desorptionsschritt, worin die auf dem Austauscher adsorbierten Substanzen mit einem desobierenden
Mittel desorbiert werden, wobei das Mittel zum Desorbieren eine Salzlésung ist, bestehend aus einem oder
mehreren Salzen, die ausgewahlt sind aus der Gruppe, bestehend aus Natriumchlorid, Kaliumchlorid, Calci-
umchlorid und Magnesiumchlorid, um dadurch ein hochgereinigtes Rinder-Lactoferrin zu ergeben, wobei die
Reinheit des erhaltenen Rinder-Lactoferrins, d.h. der Anteil (%) von Lactoferrin an den Gesamtproteinenin dem
Endprodukt gleich oder mehr als 80 % der von dem Austauscher desorbierten Gesamtproteine betragt und
wobei bei Ausfiihrung des wahlweisen Waschschrittes das desorbierende Mittel eine relativ starke Salzlésung
innerhalb eines Konzentrationsbereiches von 1,5 % bis 12 Gew.% ist, bestehend aus einem oder mehreren
Salzen, die aus dieser Gruppe von Salzen ausgewahlt sind.

Verfahren nach Anspruch 1, bei welchem der Austauscher ein sogenannter "harter" Austauscher ist, dessen Volu-
menveranderungsverhaltnis gleich oder weniger 1,5 betragt.

Verfahren zum Herstellen von Rinder-Lactoferrin mit hoher Reinheit aus Rohmilchstoffen, die aus Kuhmilch stam-
mende Magermilch oder Molke enthalten, welches Verfahren umfasst:

(a) einen Adsorptionsschritt, worin die Ausgangsstoffe bei einer Temperatur zwischen 0° und 60°C mit einem
schwach sauren Kationenaustauscher kontaktiert werden, der als Gruppen fiir den lonenaustausch Carboxy-
methyl-Gruppen enthalt und der fiir Hdmoglobin ein Adsorptionsvermégen von mehr als 3,5 /100 ml der in Na-
Form des gequollenen Kationenaustauschers bei 25°C hat;

(b) einen Splilschritt, bei dem der Austauscher mit Spiilmittel gewaschen wird, wobei das Spulmittel aus Wasser
besteht, um die nicht von dem Austauscher adsorbierten Substanzen zu entfernen und

(c) einen Waschschritt, worin der Austauscher mit weiterem Waschmittel gewaschen wird und das weitere
Waschmittel eine relativ schwache Salzlésung innerhalb eines Konzentrationsbereichs von 0,4 % bis 2,5 Gew.
% ist und aus einem oder mehreren Salzen besteht, die ausgewahlt sind aus der Gruppe, bestehend aus
Natriumchlorid, Kaliumchlorid, Calciumchlorid und Magnesiumchlorid, um Verunreinigungsstoffe zu entfernen,
und

(d) einen Desorptionsschritt, worin die auf dem Austauscher adsorbierten Substanzen mit einem desobierenden
Mittel desorbiert werden und wobei das desorbierende Mittel eine relativ starke Salzlésung ist, die hergestellt
wird innerhalb eines Konzentrationsbereichs von 1,5 bis 12 Gew.%, bestehend aus einem oder mehreren
Salzen, die ausgewahlt sind aus denen, die vorstehend in Schritt (c) beschrieben wurden, wobei die Reinheit
des erhaltenen Lactoferrins, d.h. der Anteil (%) von Lactoferrin an den Gesamtproteinen in dem Endprodukt
gleich oder mehr als 95 % der von dem Austauscher desorbierten Gesamtproteine betragt.
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