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Action of Rennin on Casein

V. Changes in a,- and g- Casein by the Action of
Chymosin, Trypsin and Chymotrypsin

Isao KATO* and Koichi ANDO**
(May, 1983)

Introduction

The coagulation of milk by the action of chymosin is two phase process
(primary and secondary phases). Chymosin hydrolyzes k-casein during the
primary phase, then the para k-casein produced aggregates during the second-
ary phase. It is also known that a,- and B-casein are gradually degraded
over a long period of time, called the tertiary phase for details of which see
Kato and Ando”. Alais et al.? were the first to demonstrate the difference
between the primary phase and the concurrent tertiary phase of chymosin
action. EL-Negoumy® and other researchers®®%¥ have reported the pro-
perties of degradation products by the action of chymosin. In this paper
we describe the different degradation products, produced by the action of
chymosin, trypsin and chymotrypsin on a,- and §-casein.

Materials and Methods

Preparation of a,-, 8- and x-caseins:

Cow milk was obtained from a single Holstein cow at farm of the
College of Dairying. Cream was immediately separated. Acid casein was
prepared by isoelectric precipitation at pH 4.6. a,- and x-casein were prepared
by the Zittle and Custer method®. Crude $-casein was obtained by the method
of Hipp et al® and further purified by the Payens and Van Markwijk
method®. The final purified a,-, 8- and k-caseins were dialyzed overnight
with visking tube and freeze-dried. Polyacrylamide disc gel electrophoresis
of a,-, p- and k-casein showed no contamination with other caseins.

Preparation of enzymes:
The chymosin used in this study was from Hansen’s commercial rennet.

*OBCERM, LEWRE, mE M
Laboratory of Chemistry, The College of Dairying, Ebetsu, Hokkaido 069-01, Japan
OEEYH, ANSNAYHREE, TEY—
Laboratory of Milk Research, Department of Dairy Science, The College of Dairying,
Ebetsu, Hokkaido 069-01, Japan )



42 Isao KATO and Koichi ANDO

It was prepared by two slow salting-out treatments® and further purified by
Sephadex G-75 gel chromatography®. Trypsin and chymotrypsin (Sigma
Chemical Co.) were used without further purification. Analytical grade
chemicals and distilled water were used throughout.

Measurement of 3% (W/V) TCA soluble NPN:

a,- and B-casein were separately dissolved in 0.01 M phosphate biffer
(50 ml) of pH 7.0 to give a final protein concentration of 0.5% (W/V) and
the solutions were setted at 25°C for 30 min. Each enzyme (0.5 ml of chy-
mosin and of chymotrypsin) was added by micro-syringe to each reaction
solution. Four milliliters of reaction solution was stopped by the addition
of 1 ml of 159 (W/V) trichroroacetic acid (TCA) after reaction. The mixture
was allowed to stand for half an hour then filtered through Toyo filter paper
No. 2 and the NPN in the filtrate was determined by the Cu-Folin method?.
The samples for application to the column and for measurement of calcium
sensitivity were stopped by heating for 5 min. at 90°C.

Sephadex G-150 and G-200 gel chromatography :

Glass columns (3x150 cm) filled with Sephadex G-150 or G-200 were
equilibrated with 0.01 M phosphate buffer of pH 7.0 at 4°C. Sephadex G-150
was used for trypsin and chymotrypsin treated a,- and p-casein and Sephadex
G-200 was used for chymosin treated a,- and B-casein. Each sample (10 ml)
was applied to the column and ten milliliter fractions of the eluate were
collected at a flow rate of 100 ml/hour for Sephadex G-150 and 30 ml/hour
for Sephadex G-200. The absorption of the eluate was measured with a
Hitachi 101 spectrophotometer at 280 nm.

Measurement of calcium sensitivity :

The measurement of calcium sensitivity was done following the method
of Noble and Waugh®. Samples were dialyzed against 1000 ml of 0.01 M
imidazole-KCl buffer (pH 7.0) at 2°C for 25 hour, then mixed with 0.1 M
CaCl, solution. The calcium concentration was varied from 0 to 25 mM.
The tubes were kept at room temperature for 10 min and centrifuged at
2000 rpm for 10 min.. The nitrogen content in the supernatant was deter-
mined by the micro Kjeldahl method.

Results

Liberation of NPN from a,- and B-casein by the action of chymosin,
trypsin and chymotrypsin :

The respective smaples were treated with chymosin, trypsin and chy-
motrypsin. The release of 39 TCA soluble NPN is expressed as a per-
centage of the total nitrogen content of a,- and B-casein. Three percent



Action of Rennin on Casein 43

TCA soluble NPN released from a;- and §-casein by chymosin after 7 hours
of reaction were only 2% for a,-casein and 1% for B-casein (Fig. 1 A). On
the other hand, Figures 1 B and C indicate that NPN was released from
as,- and B-casein by chymotrypsin and trypsin faster than by chymosin. The
percentage of NPN in the total nitrogen after 60 min. of reaction time of
chymotrypsin reached a level of 409 for both caseins, while trypsin liberated
25% NPN for a,-casein and 409 for B-casein after 60 min. of reaction time.

Sephadex G-150 and G-200 gel chromatography :

The process of degradation of a;- and B-casein by chymosin is shown
in Fig. 2A and B. a,-casein was completely degraded after 7 hours while
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Fig. 1. Liberation of 3% TCA soluble NPN during 7 hours of chymosin
action and 60 minutes of trypsin or chymotrypsin action on as-
and f- casein. Release of NPN from as-casein (—O—) and §-
casein (—A—) by chymosin (A), trypsin (B) and chymotrypsin (C).
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Fig. 2. Effluent diagram of as- and j3- casein obtained by Sephadex G-200
after chymosin treatment. (A) untreated as-casein (—~—), chymosin
treated as-casein: reaction time 3 hr (—O—), 5hr (——®—) and 7 hr
(—@—), (B) untreated S- casein (—A—), chymosin treated S-casein:
recation time 7 hr (—0—), 10 hr (—®—) and 18 hr (—®—).

B-casein was degraded after 18 hours. Prolonged chymosin action produced
an increased amount of smaller degradation products (Fig. 2). However,
a,- and B-casein treated with trypsin or chymotrypsin were changed to smaller
degradation products (Fig. 3 and 4) within a short reaction time (20 min.).

Calcium sensitivity :

The calcium sensitivity of the degradation products obtained by the
action of chymosin, trypsin and chymotrypsin were measured at different
calcium concentration (0~25 mM). Chymosin treated a,- and B-caseins seem
to have a very high calcium sensitivity as shown in Fig. 5. Untreated a,-
casein began to precipitate on addition of 10 mM CaCl,, but a,-casein treated
with chymosin for 7 hours precipitated very easily on addition of 2.5 mM
CaCl,. A similar trend was observed with -casein but with lower intensity
(Fig. 5B). S

Figures 6 A and B show the effect of k-casein. It was evident that
a,- and B-caseins obtained by prolonged reaction time were stabilized more
than untreated a,- and B-casein. However, trypsin or chymotrypsin treated
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Fig. 3. Effluent diagram of as- and $- casein obtained by Sephadex G-150
after trypsin treatment. (A) untreated as-casein (—2—), trypsin
treated as-casein: reaction time 5min (—O—) and 20 min (—@—),
(B) untreated $-casein (—~—), trypsin treated S-casein: reaction time
5min (—O—) and 20 min (—@—).

a,- and B-caseins had a reverse effect of sensitivity of CaCl, in comparison
to chymosin treatment (Fig. 7 and 8). No precipitation of a,- and S-casein
was observed by addition of 25 mM CaCl, after treatment with trypsin or
chymotrypsin and no increases of stabilization by addition of #-casein were
observed (Fig. 7 and 8).

Discussion

It is well known that a,- and B-casein have a calcium sensitive potential.
Kato and Ando” have reported that a,- and B-casein treated with chymosin
have higher calcium sensitive potentials than untreated a,- and B-casein®.
The most interesting and perhaps the most significant result of the experi-
ments was the difference between chymosin treated a,- and B-casein and
trypsin or chymotrypsin treated a,- and §-casein. In the former, chymosin
treated a,- and. B-casein have high calcium sensitive potentials, while the
trypsin or chymotrypsin treated a,- and S-casein have low potentials. Moreo-
ver, chymosin treated a,- and B-casein which was thoroughly degraded as
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Fig. 4. Effluent diagram of as- and B- casein obtained by Sephadex G-150

after chymotrypsin treatment. (A) untreated as-casein (—a—),
chymotrypsin treated as-casein: reaction time 5min (—O—) and
20 min (—@®@—), (B) untreated S-casein (—2—), chymotrypsin treated

[B-casein : reaction time 5 min (—O—) and 20 min (—@—).

shown chromatographically and electrophoretically still retained the porperty
of untreated a,- and B-casein. Hill et al® and Creamer and Mills® reported
that many basic peptides are liberated from a, B-casein and p-casein B by
prolonged chymosin action. Their results indicate that chymosin treated as-
and p-casein precipitate more easily, with the addition of CaCl, than do
untreated a,- and B-casein.

The liberation curves of NPN obtained from - and B-casein by the
action of trypsin and chymotrypsin were markedly different from that of
chymosin (Fig. 1 A, B and C). The slope of the curves obtained may re-
present general proteolysis. Nitschmann and Keller®® and Tsugo and Yamau-
chi® reported that the action of trypsin and chymotrypsin liberated a large
amount of NPN from a,- and B-casein. Zittle™ and Tsugo and Yamauchi®
also pointed out that trypsin and chymotrypsin are considerably less specific
in their action on casein than are pepsin and chymosin. Mullin and Wolfe®”
showed differences in degradation products obtained from a,-, 8- and &-
casein by action of chymosin and other enzymes using SDS disc gel electro-
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Fig. 5. Effect of calcium concentration on chymosin treated as- and
B-casein. (A), (B) and symbols are the same as in Fig. 2.

phoresis.

Our results show that a,- and S-casein are decomposed by the action of
trypsin and chymotrypsin within a short time (Fig. 3 and 4). It was also
suggested by Kato and Ando” that it was impossible to stain @, and g-
casein treated with trypsin and chymotrypsin on disc gels because of abnormal
migration.

Moreover, trypsin or chymotrypsin treated a,- and B-casein do not pre-
cipitate upon addition of a large amount of CaCl, and do not associate with
s-casein (Fig. 7 and 8). These differences must be due to the size of the
casein fragments.
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Fig. 6. Stabilization of s-casein on calcium sensitivity. (A), (B)

and symbols are also the same as in Fig. 2.

The authors present a scheme as follows :

casein fragment

casein fragment

[Untreated a,- or] [Intermediate ] [Final small ]
—_ —

B-casein

(High calcium sensitivity) T (Low calcium sensitivity)

Critical point

(Boundary between calcium sensitivity and insensitivity)

_—>

Chymosin action -

(Very slow, long time)

Trypsin and chymotrypsin action—

(Very rapid, short time)

The critical point in the scheme is indicated by the boundary between

calcium sensitivity and insensitivity.

It is assumed that chymosin treated

a,- and B-casein shift to smaller casein fragments by prolonged chymosin
action. It was expected that chymosin treated a,- and p-casein as well as
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Fig. 7. Effect of calcium concentartion on trypsin treated as- and S-casein.
(A), (B) and symbols are the same as in Fig. 3. #-Casein was added
to each sample after quenching with heating. However, no varia-
tions were observed on the calcium sensitivity.

trypsin or chymotrypsin treated a,- and S-casein (Fig. 4 and 5) would change
to low calcium sensitive acsein fragments. But the different effects observed
might be due to factors such as electrical charge, configurational changes and
the molecular weight of casein fragments. Further research is needed to
clarify these possibilities.

Summary

Chymosin treated a,- and p-casein were compared with trypsin and
chymotrypsin treated a,- and fB-casein using column chromatography, non-
protein nitrogen (NPN) and calcium sensitivity measurements. Column chro-
matography revealed a shift in peak position of the a,- and B-casein treated
with chymosin, trypsin and chymotrypsin, towards smaller molecular weight
fragments. NPN liberated from a,- and B-casein by chymosin action over
long durations was small, while large amounts of NPN were liberated from
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Fig. 8. Effect of calcium concentration on chymotrypsin treated as- and

B-casein. (A), (B) and symbols are the same as in Fig. 4. x-Casein

was added to each samples. However, no variations in the calcium
sensitivity were observed.

a,- and B-casein by trypsin and chymotrypsin. Chymosin treated a,- and g-
casein showed very high calcium sensitivity, while the opposite result (very
low calcium sensitivity) was observed for trypsin and chymotrypsin treated
a,- and B-casein.

1)

3

4)

References

Alais, C., G. Mocquot, H. S. Nitschmann and P. Zahler, 1953. Das Lab und Seine
Wirkung und das Casein der Milch. VII. Uber die Abspaltung von Nicht-
Protein Stickstoff (NPN)} aus Casein durch Lab und ihre Beziehung zur Primar-
reaktion der Labgerinnung der Milch. Helv. Chim. Acta, 36 : 1955-1968.

Creamer, L. K. and O. F. Mills, 1971. The action of rennets on the caseins. 1.
Rennin action on B-casein B in solution. J. Dairy Res., 38: 269-281.

El-Negoumy, 1970. The tertiary phase of rennin action on as- and S-casein. J. Dairy
Res., 37: 437-444.

Foltmann, B., 1959. On the crystallization, stability and proteolytic activity of rennin.



Action of Rennin on Casein 51

Acta Chem. Scand., 13: 1927-1935.

5) Hipp, N. J,, M. L. Groves, J. H. Custer and T. L. McMeekin, 1952. Separation of
a-, - and k-casein. J. Dairy Sci., 35: 272-281.

6) Hill, R. D, E. Lahav and D. Givol, 1974. A rennin-sensitive bond in js5; B-casein.
J. Dairy Res., 41: 147-153.

7) Kato, I. and K. Ando, 1978. Action of rennin on casein. IV. Changes of as- and
B-casein on the tertiary phase. J. Coll. Dairying, 7: 321-330.

8) Kato, I, 1975. Purification of rennin from commercial rennet by Sephadex G-75 gel
chromatography. J. Coll. Dairying, 6 : 105-113.

9) Kato, I, K. Mikawa, Y. K. Kim and T. Yasui, 1970. Action of rennin on casein. L
Effect of salts on the primary phase. Mem. Fac. Agr. Hokkaido Univ., 7: 477-481.

10) Mulvihill, D. M. and P. F. Fox, 1977. Proteolysis of as-casein by chymosin. Influence
of pH and urea. J. Dairy Res., 44: 533-537.

11) Mullin, W. T. and F. H. Wolfe, 1973. Disc gel electrophoresis of caseins treated
with proteolytic and glycolytic enzymes. J. Dairy Sci., 57: 9-14.

12) Noble, R. W. and D. F. Waugh, 1965. Casein micelles. Formation and Structure I.
J. Am. Chem. Soc., 12: 734-742.

13) Nitschmann, H. S. and W. Keller, 1955, Das Lab und Seine Wirkung auf das Casein
der Milch. IV. Uber die Abspaltung von Nicht-Protein Stickstoffe (NPN) aus
Isoliertem a-Casein und $-Casein durch Lab. Helv. Chim. Acta, 38: 942-946.

14) Ono, T., S. Kaminogawa, S. Odagiri and K. Yamauchi, 1976. A study on the calcium
linkage of as-casein in urea solution. Agr. Biol. Chem., 40: 1725-1729.

15) Payens, T. A. J. and B. W. van Markwijk, 1963. Some features of the association
of Beta-casein. Biochim. Biophys. Acta, 71: 517-530.

16) Tsugo, T. and K. Yamauchi, 1960. Specific liberation of nonprotein nitrogen from
x-casein fraction. Bull. Agr. Chem. Soc. Japan, 24: 96-100.

17) Zittle, C. A., 1961. Stabilization of calcium -sensitive (as) casein by x-casein by -
casein: Effect of chymotrypsin and heat on x-casein. J. Dairy Sci., 44 : 2101-2103.

18) Zittle, C. A. and J. H. Custer, 1963. Purification and some of the properties of «-
and as-casein. J. Dairy Sci., 46: 1183-1188.

-3 #

- BIOB-rEAVILFELY, )T v EFLTFELNY T B AR
T—ERBRICE SERY 7 > 7y 27 AG-150 55 M1 G-200D 7 n <+ 75 7 4
~TBB L, Fic3% + Y 7 v — L EEfE (TCA) ajEtdE s v 2 7 BE%E NPN) B, »
vy AR (Ca-sensitivity) F LT k-7 € 1 v & OBFPEOECFZ OV THEK
L, TOFBRKOEFEHENAD iz,

1. #2VNBarr €A VD BRIDTHEMT2% ONPN R, B-71€14vnbl1%
o NPN A #E#E L7z, —75, bV 7o VvABETIE, RIG60DHTas €4 vk 25%,
B-HEA Vb 4A0%, Fizxe btV 7y VAEBTIERE S €1 v b UK IEEET 40%
O NPN HifEsE L 7,



52 Isao KATO and Koichi ANDO

2. 755w 7 AG2000D 7 <57 4 — Tk, THElOF= v vRIETHILF
eV VAR arH €A VD~ 7 XRLECEG FBRA~BE LI, -5 €1 v TiX 18 K
ODRIEEZDHELE Lz, —F, PV 7o vHr0ixxE bV 7o v 20 5HORIET a8
IV B-HEAVDHI0% LA ENRGTRINTES FIR~BE) L1,

3. Ca-sensitivity KRWTIL, ¥V VlH ar BI V- D EA YOHRRERD 7
£ 4 VX D#\ sensitivity R LA, N T VABRIVFEN ) TV VAE ar &
B-7 ¥ A4 v TiL sensitivity S KIBICET Lic,

4 k-HEAVEDBBECOWTE, FEV VAR an & f-H AV TRETFD -7
EAVEDBRMAEBEL TS, P Ty VABRIOFEL )V 7Y VAR arB LD
B-7 €4 VY TREMANRELBD bith - 12,



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12

