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CHARACTERIZATIOiJ OF RLNNIN 

INTRODUCTION 

Although the rennin action on milk has been inves- 

tigated for more than half a century, the real raechaniem 

of milk coagulation by rennin remains unsolved. It Is 

generally accepted that the calcium casemate is changed 

to calcium paracaseinate by rennin. Casein arid paracasein 

are similar in many respects except that the latter has 

greater a1ka1inding capacity than the former. 

It is a well-known phenomenon that proteolytic en- 

zymes, such as pepsin, trypsin and papain, also can co- 
agulate milk. It is not known, however, if they change 

casein to paracasein. 

Commercial rennet is extracted from calves' stoniaths 
and usually contains both rennin and pepsin. The so-called 

purified rennin made from commercial rennet probably also 

includes both enzymes. However, the optimum pH for pro- 
teolytic activity of pepsin is about 2, and at a pli less 

acid than L, the proteolytic activity of pepsin rapidly 

approaches zero. According to recent studies the isoelec- 
tric point of pepsin is less than pH 1, but the isoelec- 

tric point of ronnin is much higher than pepsin. However, 

recently a few investigators have been able to detect the 

proteolytic activity in rennin. 



In the last decade, a number of investigators such 

as Hankinson, Eerridge and Woodward, De Baun, Alais, 

Ilostettler and Stein, Ohoda and Kasa, have obtained crys- 

talline rennin from commercial rennet, but the purifica- 

tion methods are rather complex and time consuming, the 

yield is rather poor and the crystalline preparations 

appear to contain more than one component when exanilned 

by eloctrophoretic methods. 

With these considerations ir mind it was determined: 

first, to devise a simplified and time-saving method of 

obtaining good yield of purified rennin; second, to deter- 

une the purity of purified rennin by electrophoretic me- 

thods and to investigate further the phenomenon of milk 

coagulation by rennin; third, to discover, if possible, 

the real mechanism of milk coagulation by rennin. 



3 

LiTERATUT REV.EW 

A. Crude Renriin 

Tauber arid Kleiner (86, 16, 17, 18) stated that 

rennin, 11k. papein, is precipitated by saturated soltiors 

of such neutral ealts as NaC1, M5% and (NIi)2S%. it 
Is for this reason that pepsin-free rerinth prep&rations 

were never obtained by the ulting out ethods. They ex- 

tracted the rennin fror calvest stoachs by a alco- 
hohe solution at pli They regarded the precipitated 
rennln a a thiprote1naze, and found that it could te dried 
under vacuwn over sulfuric acid, aithouh drying macti- 

vated about half of the enzyne. Their iaost active prepa- 

ration had an activity of 1:L,55O,OOO when skii Lnilk zith 

added calcium chloride ia used as a substrate. For ex- 

aip1e, L.,5O,OOO ing. of i1k was clotted in 10 iriute8 by 

3. nig. of rennin powder at LO°C. A yield of about one grain 

of dry substance waz obtained fro:i one kilogram of mucosa. 

The product contained 14.l nitrogen, l.19, sulfur. Tauber 

and Kleiner found that the isoelectric point of this pro- 
duct in SO alcoholic solution was at a p11 of 5.L. 

in 193, Murti and Subrehianyan (113) purified the 

nilk-clotting enzyies of ficus carrica and Ran and Reddi 

(136) of Streblus asper by the fractional reeipitat1on by 

Tauber's technique. 



L. 

B. Crystalline Rennin 

Hankinson's procedure for preparing crystalline rei- 
nm (61, 62) is to salt out the rennin from conirnercial ren- 
net extract by adjusting its pH to .O, saturating with 

NaC1 and removing the precipitated rennin by centrifuging. 
This precipitate, now free from the major portion of the 

non-rennin material of the extract, is dissolved in water 

of half the volume of the original extract, the pH is ad- 

justed to 5.7-6.0, and the solution is filtered; the ren- 

nm is reprecipitated from the clear filtrate as befare, by 

adjusting the pli to 5.0 and saturating with NaC1. This pro- 

cess is repeated, each tie dissolving the precipitate in 

half the preceding volume, until the fourth precipitate is 

obtained. The latter is suspended in water and dialyzed 

against running distilled water, using a ce1lophie tube, un- 

tu free from NaC1. The dialyzed solution of rennin is dilu- 

ted to about 0.05% solids, and adjusted to kI 5.7-6.0. This 

is followed by slow addition of N/lO HC1 at 200 tO 2S°C until 
pH Lt.! is reached. The crystals were of microscopic dimen- 

sions and were needle shaped. On a solids basis, the acti- 

vity of crystalline rennin was 6 to 7 times that of a dia- 

lyzed salt-free coLurnercial extract, id 18 to 21 times 

that of the conriercial extract when the comparison is ruade 

on the basis of total nitro en content. The puro renniri 



contained 15.0% of nitrogen, 1.Lt.6, of sulfur and 0.0)4% of 

phosphorus and exhibited the properties of a globulin. It 

was 99.77% "pure" from the standpoint of peptic activity. 

Its isoelectric point in 16.7% NaC1 solution was pli Li.5. 

One part of dry rennin coagulated 72,300,000 parts of fresh 

raw skim milk at pli 5.75-5.80 in ten minutes at )4.O°C which 

was L1.55 times that of the dry organic natter of the origi- 

nal extract. 

R. f4. De aun et al (L2) prepared crystallized ren- 

nm by a simplified procedure, somewhat modified after 

Ilankinson's technique. The over-all yield was approximate- 

ly 5%. Electrophoretic analysis revealed the . resence of 

three components in the crystalline rennin. The major corn- 

ponent (25%) had both milk-clotting and proteolytic acti- 

vity. The minor components did not clot milk. The ultra- 

violet absorption spectrum of the enzyme indicated the pre- 

sence of tyrosine in the molecule. 

liostettler and Stein (7I) prepared crystalline ren- 

nm from commercial rennet powder by a modification of the 

method of De Baun et al (L2). The crystals contained 

76.0 to 79.8% of protein; their milk coagulating. activity 
was rather less than that of crystals prepared from rennet 

extract. 

Berridge's procedure (15) for preparing crystalline 

rennin is to adjust the pH of commercial rennet to 5.L. and 

A 



saturate with NaC1. The supernatant is filtered for rour 

days and the precipitated proteins are extracted exhaus- 

tively with distilled water for four times. The combined 

extracts are filtered and adjusted to pli and again sa- 

turated with slow-running NaC1 solution through Visking 

tubing for two days. The granular precipitate is then ceri- 

trlfuged down and redissolved in a small amount of distilled 

water. After standing overnight in the refrigerator, a 

ood crop of crystals is obtained, By this procedure 

Berridge obtained a l2 yield of crystals. 2he crystals 

contained 13% Kjeldahl nitrogen snd clotted approximately 

times their dry ash-free weit of reconstituted milk 

(12 grams spray-dried skim milk powder in loo ml. N/o 

Cad2 solution) in 10 minutes at 37°C. They had high pro- 

teolytic activity. 

Alais et al (1, 2) prepared crystalline rennin suc- 

cessfully by a modification of the I3erridge method. They 

found that the curdling of milk by their crystalline ren- 

fin caused an increase in nitrogen soluble in l2'à trichio- 

roaceticacid (NPN). This also was true for commercial 

rennet. A 8pecifíc degradation reaction was involved. 

The NPN consists of more than one peptide from the alpha- 

casein only. 

Oheda and Kasai (123) extracted rennet powder with 

13-l6 of Cadi2 to obtain the crystalline rennin. The 

crystals melted at 22° - 2270C, were readily soluble 

A 
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in water and their proteolytic activity was very slight. 
In December, l95, they clainied that they obtained puri- 
fled rennin from their crude rennin preparations by repeat- 

ed recrystallization or by washin the first crystallized 

renriln crystals with O. N ECl solution. It contained a 

single protein fraction. The mobility of the purified ron- 

nm crystals was almost the same as that of the alpha-glo- 

bulin prepared fron the blood serum of the calf fron which 

rennin was prepared. The yield of rennin crystals from 

rennet was about 17 to 50 per cent of its milk-clotting 
power (12L1.., 125, 126), The isoelectric point of their 

purified rennin was 1i.8. 

C. improvements In and Relating to the Manufacture 
of Rennet Preparations. 

it is reported that small quantities of milk at 

35°C were coagulated by a dried rennet prepared from the 

stomachs of roindeer. Rennet from stomachs of t4-5 month 

old animals was found to possess maximum coagulating 

power(l7l). 

A sterile, stable rennet powder which is practical- 
ly free from pepsin was prepared by Benger's Food Ltd. (159) 

from the usual brine (6 NaC1) extract by adjusting the pH 

to 1.5 with 11Cl or other suitable acid, allow'ing to stand 

for 2 or 3 days, and then removing and drying the preci- 

pitate. 

A 



The moist precipitate of rennet which is obtained by 

salting out contains about 70 of moisture (160). It can 

be dried by mixing with an efflorescent salt, such as sodi- 

um sulphate or magnesiuxn sulphate. The pH is adjusted to 

about 7 with dl-potassium hydrogen phosphate or dl-sodium 

hydrogen phosphate. The dry product is suitable for making 

into tablets. 

The clarification of rennet extracts is achieved 

(50) by the addition of 5-io, (by weicht) of finely chopped 

leaves or grass (or other juices) instead of the conventior 

al precipitation of sumes and filtration. The mechanism 

of the clarification process, which extends over about 10- 

20 days is not explained. 

A method for obtaining rennet extracts from calves' 

stomachs was described (1i9). The extraction fluid is pre- 

pared by dissolving 15 kg. of pure calcium nitrate in 85 

liters of water, and by the addition of acids such as boric 

acid in order to bring the pH to 5-6. This quantity is 

claimed to suffice for extraction of 200 sliced calf 

stomachs. 

A rennet extract is divided into two or more parts, 

each solution containing an added substance (e.g. NaH2P%, 

CaCl2, etc) which will react with the substances in the 

other solutions. Their protein contents are adjusted to 

about L per cent, and acidified to pH Lb-5. un mixing the 

r 
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solutions, the active principles of the rennet are adsorbed 

on to the froshly-foried surfaces of the inert, readily 

filterable preci9itate produced from the added substances. 

After filtration, the pH is adjusted to 7.0-7.5 so that the 

rennet passes into solution again, and can be separated 

from the adsorbent by centrifuging or filtration, it is 

then precipitated by saturation with salt and reioved by 

further centrifuging or filtration (103). 

D. The Mechanism of Milk Coagulation by Hennin. 

The phenotienon of milk coagulation by rennin has 

been investigated for a long time. Bosworth stated that 

rennin action is probably a hydrolytic cleavage and may be 

considered the first step in the proteolysis of casein. 

Ho showed that the soluble salts of calcium, barium and 

strontium favor or hasten coagulation (109). Richardson 

(129, 137) summed up some factors influencing the coagu- 

lation of milk by rennin such as temperature, acidity, 
previous treatment and the calcium content of the milk. 

He stated that rennin might reduce the stability of milk 

by lowering the charge on the calcium casemate micellae 

in suspension in milk to a critical level. Clotting is 
delayed or even prevented by the removal of the soluble 

salts by dialysis, or by the addition of oxalate or cit- 

rate. Baud et al (li) studied the coagulation of milk by 

rennet using the electron microscope. They observed that 

the spherical casein particles of 90-12f' mu in diameter 

r 



1oiei'atod, ttz'st thto tLbrL1 one partIdo dc, then 

thtø burufl.es ot ttbrX1 an finaLy into i thrcc-d1ien 

EiQu1 networ1. The poce w ccured with the eiottir 

of other potctna, e,., fibrin. floincke t6) cL*i 

that the oiottin t Uk by renriin or opni.n i three- 

st*p reactto. The enzyr* dstbiiize8 thc caeirt o10 

culo, odep*te thara1 energy 4enatues the enzyiioaitied 

rø1ecu1e, endpo1yva1nt cations orossIin t)* extended po 

iypeptde cha1n into co1ereat clot. 

It h* been iuggssted that ttLdazote or phertolic 

roups sy he liberated trou tntr.-zolecu19,r ithkage by 

th action of rernin (7) nd certath iectvolytic biance 

ts neeesi*ri for clotting (69). 

In *bozt, nuruus theories, covørthg wtdely direr- 

sitiad ideet, beve been proposed n ezplst4on of the co- 

*guletion of dtk by rennin. Tpic1 exiple of thø ideas 

embodied in the vroua theorïc are: (1) Rennin causen 

proteolyi* cf caetn into paracain, 2) Renn.trz causes 

sociation or pol*rtzation of c*eLn olecu1e into 

large araca8ein roiecuIe, (3) R,nnth removes protective 

coi3.oith froai th nurfce of caneth perittLn 1ts reci- 

pitation by CaC12, (Ì) Fermth oen necondary v2ency 

b%wen - COOM and - within the assein ioleauie, 

(5) Rennin eerry"in a positive cae cothine with castn 

carrying a negative cherge, producing utuaI r*cipttìtion, 



il 

(6) Rennin releases soluble calcium from insoluble calcium 

phosphate, (7) Rennin reduces the zeta potential of the 

calcium casemate and calcium phosphate complex to a cri- 

tical doree, etc. 

No one theory so Lar advanced is fully adequate, 

and no one theory is universal or even generally accepted. 

The proteolytic and coagulating phenomena of milk 

by rennin are governed either by one single entity of en- 

zyme or by two different enzymes: the real echanism of 

milk coagulation by rennin still remains to be discovered. 

E. The Determination of Protein Suifhydryl Groups 
by an Amparometric Titration. 

In l9L6 Kolth.off and Harris (90) introduced a spo- 

cific amperometric titration method for -SII groups with 

silver nitrate, which was adapted to the titration of -5H 

groups in blood serum proteins by Woissman et al (166) and 

Beneach and Beneach (lL). Murayama has been able to as- 

semble an apparatus for an automatic recording of the 

amperoietric titration curve in determining -5H groups of 

serum proteins (112). Hutton and Patton (77), and Zweig 

and Block (170) almost at the same time used Koithoff's 

technique to determino -5H groups in milk proteins. 
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EXPERI MENTAL 4ETHODS 

A. Fractional Precipitation of Commercial Rennet 
Extract With Organic Solventa at 2°C 

After a number of preliminary experiments were 

carried out, a method modified from Tauber's fractiona- 

tion precipitation by ethanol to obtain a rennin concen- 

trate and rennin powder from comriercial rennet was adopted. 

All reaents and equipment used in the following irocedure 

were oreviously cooled to 3L1°F. (1°c). The procedures were 

as follows: 

1. SO :'i1, of Hansen's rennet extract wore dialyzed ifl the 

cellophane tube against running tap water of 60°F 

(15.6°c) for ten hours at a rate of half a gallon of 

water per minute. This was followed by dialysis 
against distilled water at 3L°F with a running rate of 

about one and one-half gallons per hour for another 

three hours until free from NaCl. The dialyzed rennet 

was adjusted to pff 5.14. by adding, dropwìse,O.l N lid 

and stirring for eight minutes with a glass rod after 

which it was allowed to stand 30-60 minutes, or over- 

night, at 3°F. The precipitate formed on dialysis 
was removed by filtering with hatman filter paper No. 

I or by centrifugation at 314.°F at 2000 r.p.m. for fil'- 

teen minutes. The filtrate was then subjected to 

fractional precipitation with cold ethanol. 
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2. Fractionation of the filtrate, or supernatants, wa 

carried out in a metal vessel to permit heat exchange. 

An equal voluLne (O ml) of 9 ethanol was slowly ad- 

ded through capillary tubing (1-3O minutes) and per- 

;iltted to flow down the cold wall of the container 

while the solution was kept rapidly stirred, avoiding 

foaming, with a motor agitator. The container was 

previously frozen in a water bath of one gallon tin 

can at OF (-17.8°C) before use. After all the ethanol 

bad been added, it was allowed to stand for five nin- 

utes and then centrifuged at 2000 r.p.i. for fifteen 

ilnutes at 3Li°F. The supernatant (Sup. 1) was again 

adjusted to pii with 0.1 NHC1 and poured into the 

cold container and stirred for about five minutes be- 

fore adding one-half vo1une of ethanol as before. Aft- 

er all the ethanol had been added and, after standing 

for five minutes, followed by centrifuging at 3L.°F for 

fifteen minutes, the supernatant (Sup. 2) was again 

adjusted to p1-I 5.L. with 0.1 N HC1 and poured into the 

cold container. One-half volume of ethanol was then 

added. After the ethanol had been added and after 

standing for five minutes, the mixture was centrifuged 

at 3I°F at 2000 r.p.m. for fifteen ìnutes in the same 

centrifuge tube as before. The supernatant (Sup. 3) 

was discarded, and the conbined protein precipitates 

were dissolved in the same volunie of distilled water 



as the original. A sample from this solution was re- 

wved and labelled as Fraction I. The remainder was 

subjected to repeated fractionation as described, 

yielding Fractions II to V. Fraction V was dissolved 

in as small an amount of distilled water as possible 

and dried under vacuum for 2L. to L8 hours, depending 

on the amount of solution to be dried, for indefinite 

storage. 

F. Rennin Coagulating Activity 

Rennin activity was determined by a method modified 

after that of De Baun (L2). A milk substrate solution was 

prepared by dissolving 10 g. of a low-heat skim milk pow- 

der in 90 uil. of distilled water and stored at 24°F for 

S-2L. hours before use. Ten mi. of substrate solution in 

a 7" x 1" Pyrex test tube was brought to lOL-.lO50F (O0_ 

LiJ.°C) in a controlled water bath, one ml. of rennin at the 

sa:e temperature was blown in from a i ml. pipette having 

a wide tip. The mixture was carefully agitated with a 

thermometer for ten seconds. Rennin dilutions were made 

with NaC1. A stop watch was started siniultaneously with 

the mixing of enzyme and substrate. Ly slanting the test 

tube slightly from time to time, it was possible to observe 

the sudden breaking up of the milk film into discrete par- 

ticles. This denotes clotting. The average of two dupli- 

cate tests was taken as a clotting time. The tests had 
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to acree within ten seconds. The rennin dilutions were 

adjusto when pos$itle, to coaCulate 10 i1, or substrate 

within tv-6 minutes. ii1k clotting, activity was estiaiated 

a follows: 

r.u./m1 

Where r.u. rennin units, d dilution of thc rennin 

sample, and t * olc'ttthg time in econds. 

C. Proteolytic Activity or Rennin Toward the Substrate 

As early as 1913, Bosworth (28) recognized the phe- 

nomnenon of authhydrolysls or autoproteolysis the extent of 

which, teprture heine constant, was dependent on 

timos evera1 test tubes, each containing 10 rîl. of aub- 

str&te solution, were brought to L0-L1°C in the water bath 

used for the rnnetactivity test. i. l. of rennin ilu- 

ton wss added to each tube except the controls. The con- 

tents or t test tubes re exaniioed at intervls br 

autohydrolysis and proteolysts. The nitro'en in the cori- 

trol test tubes which was not reciitatod. by LO nil. of 

i N triobloroacetic seid wss oomiderec1 due to auto- 

hydrol3r3is. in the cese of the other tuLes the nitrogen 

in the filtrate from the clotted mnlik wa considered to be 

due to autohydrolysis arid roteo1ysis. By subtraoting th 

nitroreri found tri the controls fro' thoae containing ren- 

nm, the extent of proteolyd.s wcs obtained. 
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D. Proteolytic Activity by Rennin in Cheddar Cheese 

The resultS of Zimrerman indIcate that hard cheese 

prepared with h!hiy purifIed rennin ripens esentia11y in 

the seme way as cheese made with the commercial rennet. 

hence the role of rennet in cheese ripening is p resuab1y 

played by the agent active in the production of clot. Pro- 

teolysis by the purified enzyiie is strongly inhibited by 

increase in pH nd salt concentration. Zimrieraian (169) 

also pointed out that although the rennet enzynes are of 

iiiportance in the ripening of Cheddar cheese, and that 

ripening could, to soie extent, be hastened by increasing 

the u:ïount of rennet, other enzynes, probably of bacterial 

origin, were also involved ifl the iriaturatlon and the deve- 

1opriont of the typical flavor. kioever, the chee3e made 

by flerridge with his crystalline rennin showed soft curd 

and lacked flavor in comparisoi with the control (20). 

Proteolytic activity by rennin in Cheddar cheese 

made from Fractions I and V in powder fora was neasured 

by Dahlberg and Kosikowsky's aethod (39). in this ìiethod 

the cheese is extracted with a rU.xture of acetic acid, so- 

dium acetate, sodium chloride and calcium chloride. The 

nitrogen in the filtrate, considered as soluble nitrogen, 

is converted to soluble protein using a factor of 6.38. 
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E. Kjeldahl Nitrogen Determination 

An adequate amount of substance was transferred to 

a Kjeldahl flask. About severi grams of catalyst (a mix- 

ture of anhydrous Na2SOj and CuSO.112O with a ratio of 10 

to 0.2) were added and 25 ml. of concentrated H2SO4 were 

then added. Digestion was conducted for at least thirty 

minutes after the mixture became clear. Alter cooling, 

the mixture was diluted with 200 ml. of distilled water and 

L1. pieces of Henar granules or pumice stone were added.Plfty 

ml. concentrated sodium hydroxide solution (50,) to make 

the mixture alkaline, were poured down the side of the 

flask, so that it did not mix at once with the acid solu- 

tion. The flask was then Connected wIth distillation ap- 

paratus and mixed by rotating. Distillation was carried 

out until bumpinv, started. Ammonia was received from the 

condensers immersed in L0 ml. L (saturated) boric acid; 

this was titrated with 0.1 N HC1 or h2S0L1, using a special 

indicator of methyl orange and xylene cyanate (1 . methyl 

orange plus 1. g. xylene cyanate, made up to 500 ml. with 

50 ethyl alcohol) or methyl red and bromcresoi preen in- 

dicator (10 ml. 0.l solution of bromcresol green plus 2 

ml, 0.1, solution of methyl red in 95 alcohol). 

F. The Effect of Different Storage Teiperatures on 
Rerinin Powder 

Hennin powder was stored at 3 different temperatures 



(-23.3°c, -17.8°C, 1°C, 7.2°C, 10-19°C, 21°-25°C, 30°C, 

36.7°C) for four months and the rennin activity wa tested 

at various intervals in the manner described under 3. 

G. Freezing Experirient on Rennin Preparations and 
on Commercial Rennet 

Fraction$ I, IV, V, and commercial rennet wore 

frozen at OF (-17.8°C) and -10°F (-23.3°C) for a period 

of eight months. Three different solvents, i.e. distilled 

water, 0.01.. N HC1 solution and different levels of NaC1 

solution were used. Two methods of thawing were used in 

carrying out the rennin activity. One was to melt the 

frozen rennin at room temperature, the other was melted at 

ice water temperature. 

H. Observation of Milk Coagulation by Hennin with 
Electron Microscope 

The RCA type EMtJ electron microscope was used to 

observe the phenoenon of milk coagulation b rennin. The 

following technique was used: A shallow circular dish was 

half-filled with distilled water. Four drops of 3 per cent 

collodion (nitro cellulose, trade name parlodion) in arayl 

acetate were dropped on to the surface of distilled water 

with a small medicine dropper. Ten to twenti-five grids 

(200 per inch Lektromesh screen, C.O., Jelliff fg. Corp., 

Southport, Conn.) were placed on top of the floating film 
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and a glass slide was brought to contact the surfaces of 

grids. As the slide pushes down past the surface, the fi1 

folds back against the surface. Finally the slide was re- 
versed, lifted clear of the water, and the excess water was 

blotted off by touching filter paper to the back and edges. 

The grids prepared this way had a film thickness of about 

300 A°. The substrate was prepared by diluting reconsti- 

tuted skim milk to 1% dilution with 0.01 M CaC12. A plati- 

nurn loop of this diluted substrate and rennin mixture, 

taken at different intervals after the addition of rennìn, 

were spread over the surface of grids. These grids were 

placed on sa1l glass slides, which in turn were placed 

upon a layer of cotton wetted with 2 solution of osiiic 

acid. (in a l aqueous solution of chromic acid (Cr203)), 

in a small, wide-mouth, closed jar. After standing 5 minu- 

tes, the preparation was dried wider a table lamp. I'he 

milk coaulation phenomenon by rennin of the dried samples 

was then examined with the electron microscope. 

I. Paper Electrophoresis 

The paper electrophoretic analysis was carried out 

according to the method of Durrum (23). The Spinco Model 

R paper electrophoretic apparatus (Specialized instruments 

Corporation, Belmont, California) was used. Filter paper 

strips moistened with a buffer were placed over the three 
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glass rods with the ends contacting the paper wicks which 

were attached to separated, plastic plates and dipped into 

the electrode vessels. Ihe detailed procedures were carried 

out according to Spinco Operating Instructions furnished 

with the instrument. The composition of the different phos- 

phate buffers p.85) used in the paper electrophoresis 

are shown in the following table: 

lixtures of 1odium ionohydrogen Phosphate* 
and Potassium Dthydrogen Phosphate- 

Volume of Volume of ph of 
Na2HPO1, KH2PO i'lixture 

SoIutin SoIuton 
ml. 

8.0 2.0 7.14. 

6.0 14.0 1.0 

14.0 6.0 6.6 

0.25 9.75 5.3 

0.10 9.90 5.0 

10.00 L.5 

* 11.876 grams Na2HPOj2li2O in i liter of solution 

** 9,078 grams 1UI2POj lfl i liter of solution. 

The Spinco buffers (barbiturate buffer) were pre- 

pared by wetting a mixture of barbital and sodium barbital 

with about 25 ml. of 95 ethanol in a liter volumetric 

flask and then diluting to i liter with 5 acetic acid. 

The composition of barbital and sodium barbital in Spinco 

buffers -1 and B-2 were as follows: 
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Spinco buffer B-1, pH 8.6, u - 0.05 
1.8L g. barbital 
10.30 g. sodium barbital 

Spinco buffer B-2, pH 8.6, u 0.075 
2.76 g. barbital 

15.L5 g. sodium barbital 

J. Moving Boundary .lectrophoresis 

The moving boundary electrophoretic experiments 

were carried out with electrophoresis apparatus Model 38 

(The Perkin-Elmer Corporation, Norwalk, Connecticut, U.S.A.). 

A 2-ml. Tiseliug cell was used in the usual manner. The 

specific conductance wa determined with the slide wire 

potentiometer (Leeds & Northrup Co., Philadelphia, denn- 

sylvania, U.S.A.) using. 0.02 M Kol in determining the cell 

constant. A phosphate buffer pli 6.6 (3.7908 g. of NaHP0j 

5.!1J468 g. of kI2P0 diluted to i liter) of an ionic 

strength of 0.12 was used. The rennin sample was adjusted 

to about 1% of protein after dialysis at 10C for L8 hours 

against the corresponding buffer solution for electropho- 

retic analysis. The instructions supplied with the in- 

trument were followed. 

K. Amperometric Titration 

The method and apparatus employed for the titration 

of -3H groups were essentially those of Koithoff and Harris 

(90) with minor modifications. 

4pparatus. The apparatus is shown in Figure 17. The 
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rotating indicator electrode, A, consists of a platinuni 

wire about 6 to 8 mm. long and 0.5 inni. in diameter, sealed 

in 6 mm. soft glass tubing. A simple device for rotating 

the electrode was arranged using a laboratory notor stir- 

rer and accessory pulleys and chuck. The 6 rii. class tub- 

Ing of the elctrode was fastened inside a short length of 

brass tubing which was nade to rotate. Electrical contact 

was made by dipping a No. 18 copper wire into the mercury 

inside the glass tubing. A reference electrode, B, was 

used. which had a potential of -0.23 volt against a satu- 

rated calomel electrode. tae electrode solution for the 

reference half-cell was prepared by dissolving L.2 grans 

of potassium iodide and 1.3 grans of mercuric iodide in 

loo ml. of saturated potassium chloride ;olution. The 

electrode solution was poured into a wide-mouth gla8s jar. 

a layer of mercury at the bottom of the jar served as an 

electrode. Glass tubing with a platinum wire sealed at 

the tip and containing mercury was inserted into the jar 

with the tip of platinum contacting the mercury. Electri- 

cal connection with the microammeter was made by dipping 

No. 18 copper wire into the mercury inside the glass tub- 

ing. Electrical connection between the reference elec- 

trode and the sairipie was made by connecting a salt bridge, 

C, to a jar, I, which was filled with saturated potassium 

chloride snd was connected to the refex'ence electrode by 
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an TJ-shaped, soft glass tubing. The salt bridge, consist- 

ing of about 1-foot of 6 mm. (inside dia.meter), U-shaped, 

soft pl.ass tubing, was filled with a gel of 3 agar in 

saturated potassium chloride. it was changed daily or 

evory other &iy. To complete the circuit, the wo 1alf- 

cells were short-circuited through a microaznmeter, D. The 

No. 18 copper wire in the rotating electrode was connected 

to the positive pole of the microammeter and bhat of re- 

ference electrode to the negative pole. A Simpson niicroain- 

neter (Model 29) with a range of O-2g microamperes was used. 

Procedure. In preparing samples for titration, the 

following procedure was adopted: Into a 100-ml. graduate 

cylinder were placed 1.25 g. of iHj4NO3, 0.6 mi. of 28 

NH11OH and sufficient distilled water to bring the volume 

to 15 :rl. Ten mi. of milk to be tiated was added. The ad- 

dition of 25 ml. of 95 per cent ethanol brought the final 

volume to L7.5 alcoholic solution. This mixture was care- 

fully transferred to a 250-ml. beaer, avoiding roaming. 

After the salt bridge and rotating platinum electrode were 

immersed in the so lution and the rotating electrode had 

been rotated for 30 seconds, 0.2 ml. aliquota of 0.001 N 

AgNQ were added through a 5-ini. microburette, each spaced 

30 seconds apart. The microammeter responses were noted 

just before each successive addition. in this way a series 

of readinr,s were obtained and plotted against the volume 
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of O.OL N AgO3 used. A straight line drawn through four 

or five of these points plotted on graph paper and extra- 

polatod to the initial straight line gives the end-point 

of the titration. The suifhydryl content in the saìple 

was calculated as eq./].. of cysteine. Performance of the 

platinum electrode was checked before each series of de- 

ter..Lnations by titration of cysteine-HC1 which was Fre- 

pared according to Murayama's method (112). At least 

three or four "blank" titrations should be performed from 

known concentration in order to "warm up" the apparatus. 
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RE SULTS 

Table i shows the yield and specific activity of 

different rennin fractions. The final product contained 

59.14. r.u. per i mg. protein nitrogen, which is ten times 

that of Hansen's rennet extract. The over-all yield was 

62%. 

There was no loss of activity of rennin powder 

dried under vacuum at rooîi teiiperature fcr 344.8 hours as 

shown in Table 2. 

Table 3 indicates that the activity of rennin ow- 

der stored for four moiths at tcmp3ratures of -10°F 

(-23.3°C) to 98°F (36.7°C) wc. 8L. to 93 of the fresh pow- 

der; the best results were obtained at storage temperatures 

of -10°F and 3L.°F (1°C). There was approxitnatel ilJ loss 

when stored at fluctuating room temperature. 

Table L. shows that when distilled water was used 
as solvent for Fraction I the activity was increased by 

freezing, the longer the storage the greater the increase 

in activity. when 5 WaC1 was used as solvent, there was 

a slight increase of activity but of activity was lost 

when 0.O1...N HC1 was used as solvent after three months of 

freezing and 91% after seven months of freezing. 

Table 5 indicates that the lower the concentration 

of NaC1 solution used as solvent the better the activity 

recovery. The activity recovery by freezing rennin 
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concentrate diluted with 2. NaC1 solution was equal to 

that with distilled water. A 9,v loss of activity occurred 

with O.OLi. N HC1 solution as solvent. 

Table 6 shows better activity recovery xhen the 

frozen rennin was thawed with 2.5) TaCl or distilled water 

as the solvent in an ice water bath than when thawed at 

room temperature. When, however, O.OL N HC1 was tsed as 

solvent, the reverse effect of the two different nethods 

of thawing was found. 

)hen comiercial rennet extract, diluted to approxi- 

mately 97o, and 2.3% of NaCl was frozen at 0°F, the 

activity with the 2.3% NaCi dilution was 101% of the ini- 

tial which was higher than those of 9% and L.S% NaC]. di- 

lution (Table 7). 

Two lots of Cheddar cheese were :iade with rennin 

powder of Fraction I, IV, and V. The soluble protein of 

two-ionth old cbeese :aade from comnercia1 rennin was 

slightly higher than those made frotn rennin powders. The 

soluble protein of Ltheddar cheese made from rennin powder 

of Fraction I was slightly higher than that of Fraction V. 

However, when cheeses were 130 days old, the cheese nade 

with rennin powder appeared to have a cleaner flavor than 

those made from coninercial rennet extract as scored by 

four judges (Table 8). Three out of four judges preferred 

the cheese made froi rennin powder. 

When the renriln powder solution, adjusted to 
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oau1ate 10 ml. of reconstituted skth milk in five minu- 

tes, was added to ui1k, its proteolytic action had not 

reached a maximum just prior to coagulation as shown in 

Table 9. Proteolysis was expressed in terris of the in- 

crease in soluble nitrogen in the filtrate from a aiixture 

of 10 nil. skim rriilk plus 1 ml. rennin dilution plus 10 ml. 

of i N trichloroacetic acid. 

Table 10 indicates the effect of lentb of dialysis 

against running tap water at 60°F on rennet activity. There 

was a slit loss of activity when dialyzed up to 13 hours. 

The lonrer the dialysis, the higher the loss of activity. 

Table 11 shows that the activity of precipitated 

rennin when diluted with S NaC1 solution was about 8 

higher than that with O.OL5 N 11Cl solution. 

Table 12 indicates that the activity of the rennet 

in the dialyzing sac floating on top of the running tap 

water in the half-gallon beaker was about lO lower than 

that in the sac immersed at the bottom of the beaker. 

When the ethanol concentration used to precipitate 

the dialyzed rennet at 2°C to obtain Fraction i was 77.8j, 

the recovery of rennet was essentially 100 per cent; but, 

when the concentration was increased to 85.O, about l6 

activity was lost (Table 13). 

)hen various organic solvents other than ethanol 

were used to precipitate the rennin protein from comercial 

rennet extract, the yields before drying are shown in 
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Table lL and Figures 2 and 3, The total yields from 

methanol, propanol-i, propanol-2, acetone snd dioxane 

were 8., 63, 31, 6h. and 11.O/ respectively. 

Table 15 indicates that drying caused no loss of 

activity of the rennin precipitated by methanol, acetone 

or dioxane, but did cause losses of about 2O, and 3O, in 

those precipitates by propanol-i, propanol-2, respec- 

tively. 

Table 16 shows the suifhydryl content of sorne milk 

proteins, niilks produced at different stages of lactation, 

rennin and pepsin. The suifhydryl content of the colos- 

trum nilk was several times higher than the other ii1ks 

and there was some indication that milk of advanced lac- 

tation was higher than those of :ciiddle lactation. The 

suifhydryl content of the unheated reconstituted skii 

milk agreed well with that of the latter milk, but was 

greatly reduced by heating. No reactive su].fhydryl group 

was found in casein, paracasein, alcohol soluble protein 

from casein or paracasein, rennin, or pepsin. 
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The paper electrophoresis experiments were not en- 

tirely satisfactory, especially in conplex systens. The 

e1ectropheroGras were often difficult to interpret. hen 

cormercia1 rennet extract was analyzed, anodewise niration 

occurred with barbiturate buffer, pH 8.6, u, 0.015, and 

with phosphate buffer, pH 7.Li, u, 0.16, but cathodewise 

migration occurred with phosphate buffer, pli 6.6, u, 0.12 

(Fig. L). 

The migration of Fraction I is shown in Figure 5. 

With phosphate buffer at pH 7.L migration occurred anode- 

wise with the formation of a single peak. At pli 6.6 two 

peaks appeared one on either side of the point of applica- 

tion. With phosphate buffer at pli L.5 both anodewise and 

cathodewise migration also occurred, indicating two oppo- 

sitely charged components. The migration of Fraction Iv 

is shown in Figure 6. MIgration occurred aiiodewise at pff 

8.6 and 7.00, two prominent peaLs appearing. Both catho- 

dewise and anodewise migration occurred with phosphate 

buffer at pH 6.6, 5.3 and L.5. In a preliminary experi- 

ment by the moving boundary method, however, Fraction IV 

with phosphate buffer, pH 6.6, u., 0.12, appeared to con- 

tain four components. Because of the lack of availability 

of the instrument, this approach could not be continued. 
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The migration of Fractions V and VI is showìi in Fi;ures 7 

and 8 respectively. In both cases migration occurred 

anodewise with the formation of a single peak with the pH 

8.6 buffer. 

Conmnercial rennet, dialyzed about 10 hours, against 

cold tap water (60°F) and 3 hours against cold distilled 

water (3Jj°F) and adjusted to pH was subjected to pre- 

cipita.tion by different concentrations of ethyl alcohol. 

The precipitated rennins from 2O, 50>, 60», 66.7 and 

80Á or alcohol wore analized y paper electrophoresis 

using phosphate buffers of pH L.5, .O and 6.6. Ihe re- 

suits are shown in Figures l0-lL. It is seen that migra- 

tion was nil or nearly so at pli .0, but that at pH 4.5 

and 6.6 two-directional niigration occurred. 

The electrophoretic patterns of casein, araeasein 

from rennin, paracaseinI fro pepsin and a maixture of 

paracaseins from rennin and pepsin were very siriilar (A, 

B, 0, and D of Fig. 15). The electrophoretic patterns of 
alcohol-soluble protein from casein (Fig. l, F) and from 

paracasein (Fig. 15, G) were slightly different in that the 

latter appears to have lower mobility. The mobilities were 

not sufficiently different, however, to produce two dis- 
tinet bands (Fig. 15, H). All milk proteins mentiOned 

above were run with phosphate buffer at pii 6.6. However, 

the patterns for pepsin and commercial rennet at pH 6.6 

were quite si«iilar (Fig. l, E and i). 
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The electrophoretic patterns (kîg. 16) of' raw skin 

milk to which had been added boiled ieniin, active rennin, 

boiled pepsin, or active pepsin were very sirriilar as to 

the mobility of the iajor couiiponent, assumed to te the ease- 

mate or paracasein&te. Likewise, those of dialyzed skim 

milk to which the sme enzymes had been added were sini1ar. 

This was to be expected since pH 8.6 is above what is con- 

sidered effeetive for rennin action. No definite conclu- 

sion can be drawn fìr it is recognized that paper electro- 

phorosis of skim ii1k gives erratic results. An improved 

technique is needed. 

Figures 18-21 show the effect of rennin and pepsin 

action on the -SE croups as determined b amperometric 

titration. The rennln or pepsin was diluted to cause co- 

a1ation in pre-deter;iined times, and at intervals in the 

pre-coau1ation periods, samples of the milk-enzyme mix- 

turo were cooled in ice water to arrest enzyme action be- 

fore titration. When the coagulation time of sidm milk by 

rennin or pepsin was adjusted in less than 10', the -SII 

groups increased rapidly within 30"-1'30"after the addition 

of enzyme and then decreased gradually to a minimum just 

before coagulation would have occurred (Fig. 19, A, B, C 

and Fig. 21, A). When, however, the coagulation time was 

adjusted beyond 10', the times required to increase or 

decrease the -SH groupa wore irregular (Fig. 18, A, B; 
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19, D; 20, A, B; and 21, B.). it was very interesting to 

note that wn a dialyzed skim milk was used, and the co- 

agulation time of its equivalent non-dialyzed skiri nilk 

by rerinin was adjusted to 612O', the -SH groups increased 

at first and then decreased. This was followed by another 

cycle of increase and decroase to a constant value corres- 

ponding to the initial value prior to the addition of the 

enzyme (Curve C, Figure 20). 

When reconstituted skim milk, diluted to l, with 

0.01 N CaC12 and spread over the collodion film, previous- 

ly fixed on the grids, was observed under the electron 

microscope, many spherical casemate particles were visua- 

lized (Fig. 9, A). Progress of coagulation of this ìi1k 

by rennin, adjusted to coagulate in 10" was followed in 

the electron microscope. The casemate particles were 

seen to agglomerate, first into a network of fibrils, 

probably one particle wide, and then into condensed bun- 

dles. This latter had occurred in l'30". 
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DISCUSSI ON 

The over-all yield of the final fraction (Fraction 

V, Table 1) In the procedure developed for the purifica- 

tion of rennin was about 62 as compared to .O, 27.3, and 

l7-5O obtained by De Baun and Berridge; kiankinson, and 

Oheda and Kasai, respectively. The procedure is simpler 

than the others. it takes about 15 hours to finish one 

experiment not including drying, the chemicals and equip- 

ment used are standard and the cost less than that of the 

other methods. The recovery of activity in powder form 

from Fraction I was essentially l0O of that in the ori- 

ginal commercial rennet extract. This compares with 50 

by Tauber's method. When the powder was stored at 98°F 

for four months, about l6 of the activity was lost, but 

when stored at -10°F about 7 was lost. 

when the precipitated rennin was dissolved in NaC1 

solution, distilled water, and frozen, the activity was 

increased. This increase was greatest when distilled water 

was used as the solvent. Ehe longer the time frozen the 

higher increase of activity. The higher the concentra- 

tion of NaCl solution the lower was the increase. A 

loss of activity was extensive when O.0L N HC1 solution 

was used as solvent. These results may be due to the 

destruction by freezing of some kind of inhibitor or 

inhibitors detrimental to renniri activity; 
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or the rennin denatured during fractionation is restored 

or partially restored by freezin; ifl distilled water or 

weak NaC1 solution (Tables L and ). 

when comniercial rennet extract was dialyzed against 

running tap water, the longer the dialysis the higher the 

loss of activity (Table 10). This loss of activity may be 

due to temporary denaturation. After freezing, the dena- 

tured rennin nay regain its activity as indicated in Tab- 

les L1 and 5. Rowever, the precipitated rennin frozen in 

higher concentration of NaC1 solution seems unaLle to re- 

gain its activity after denaturation. Furthernore, when 

it was frozen in O.OLi. N J-ICi solution, it not only lost 

ability for reactivation, but it was further denatured. 

When the rennet extract was dialyzed in a cello- 

phane tube against running tap water, the activity o the 

rennin in the cellophane tube floating on top of the water 

was about 10 per cent lower than that subtiierged at the 

botto of the beaker. This loss of activity may be due 

to oxidation by light and air (Table 12). 

When crystalline rennii prepared according to 

Berridge's 'nethod was used to ake Cheddar cheese, soft 

curd and defective flavor resulted (2). The cheeses made 

with rennin powders from Fractions I, IV, and V. were 

sinilar to that iade from coninercial rennet extract except 

that the soluble protein in the former was slightly lower 
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than in the latter. Three judges out of four preferred 
the cheese flavor made from rennin powder to that made 

from commercial rennet extract. 
Moquot et al found that when rennet or crystalline 

rennin was added to milk, the amount of nitrogen soluble 

in l2 trichioroacetic acid increased progressively, reach- 

ing a maximum before coagulation began. Table 9 shows that 
proteolysis did not increase to a maximum before coagula- 

tion occurred. 

When commercial rennet extract and Fraction I and 

Iv were subjected to paper electrophoresis with barbiturate 

buffer, pff 8.6 and with phosphate buffers, pff 7.L. and 7.0, 
anodewise mipration occurred, but two-directional migration 

occurred at pH tj.5, 5.3, and 66. The same was true of the 

precipitated rennin from 20, 50, 60, 66.7 and 80 of etha- 

noi at pH L.5 and 6.6. These results augest that there 
may be two components in commercial rennet, one being iso- 
electric between pH Lk5-.3, the other between 6.6-7.0. 
This may account for the difference of opinion regarding 
the isoelectric point of rennin, or rennins, held by various 

workers such as Hankinson (61, 62), ferridge (16, 19), 

Tauber (156, 157), Richardson (137, 129) and Oheda (123- 

126), etc. 

One peak appeared in the patterns of Fractions V 

and VI at pH 8.6. This indicates that in the additional 

purification to obtain Fractions V and VI one component 
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was lost or changed. As shown in Table I, these Fractions 

possessed slightly higher specific activity than the other 

fractions. Additional studies at various pH levels wIll 
be required before final conclusion can be drawn. The 

moving boundary electrophoretic patterns of Fraction IV in 

phosphate buffer at pH 6.6 were too indefinite to warrant 

interpretation. 
The results of the amperoetric titration (Table 

16 and Figures 18-21) offer ovidence that rennin coagula- 
tion of milk may be sircilar to blood coagulation as visu- 
alized in modern theories. The protein, pre-keratin, is 

soluble and readily digestible and contains mainly cysteine. 
when cysteine is oxidized in vivo to cystine, the insol- 
uble, Indigestible protein, keratin, is formed. On the 
other hand, the hornone, insulin, is devoid of cysteine 
but contains a very appreciable quantity of cystine. if 
only a very small proportion of the cystine is reduced to 
cysteine, the biological effects of insulin are lost (172). 

As early as 193L, Kuhnan and 4organstern made the inter- 

esting observation that -3H compounds, such as glutathione 

and cysteine, inhibited the coagulation of fresh guinea 

pig and human blood, whereas oxidized glutathione acceler- 

ated it. I3aumberger (12) suggested that the conversion of 

fibrinogen into fibrin was due to oxidation of the -3H 

groups of fibrinogen. He believed that thrombin is made 
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up of two components, throinbin A and thronibin B. Thrornbin 

A catalyzes the liberation of sluggish -Sii groups from the 

fibrinoen nolecule, rendering theni freely reacting. 

Thrombin E is thought to be a conjugated protein, perhaps 

conjugated with vitamin K. Thrombin B, through vitaiiir K, 

would then oxidize the -S-ï groups of fibrinogen activated 

by thronbin A and convert it into f ibrin. Fibrin is con- 

sidered to be aggreates of fibrinogen molecules linked to- 

gether through -S-S- bridges. Blocking the -SH groups 

with alkylating agents would make impossible the formation 

of these -S-S- bridges (10). 

The above reactions have led to the development of 

several additional theories of blood coagulation (lo, 60, 

67, 72, 73, 75, 76, 81, 83, 92, 101, 102). They may have 

application to the clotting of milk by rennin. Of these 

theories the most important ones were those suggested by 

Hospeihorn, Cross and Jensen (72); Huggins, Tapley and 

Jensen (76); Lyons (101) and 4ardones, Iglesias, Lipschutz 

(102). Jiospelhorn stated that blood coagulation consists 

of two reactions. The first was considered to involve an 

unfolding of the protein molecule and the second an aggre- 

gation of the unfolded molecules. The second but not the 

first reaction, depends on the presence of free -5H groups 

either in the protein o1ecules or in simpler organic 

compounds. 



38 

Huggins (76) stated that the aggregation of dena- 

tured protein to form a three-dimensional network requires 

cross-linking, A free -3H group of one albumin molecule 

reacts wIth a disuiphide croup in a neighboring molecule 

to form an intermolecular disuiphide bond at the same time 

generating a new -311 group. This new -3H group then re- 

peats the process either by reaction with another disul- 

phide group in ehe first albumin molecule or with a sLnilar 

group in a third rriolecule; and so on. Mercaptan inter- 

change reactions of this type are believed (3) to be in- 

termediate in the reversible reduction of disuiphides by 

excess ercaptans. Non-protein suifhydryl compounds 

should be equally as effective as albumin in initiating 
the reaction chain. 

Lyons (101) suggested the following scheme for the 

reaction between thrombin snd fibrinoren which is essenti- 

ally the sanie theory of Baumberger (12): 

Fibrinogen. -S (blocked) 4 Thrombin component A 

Fibrinogon -SII 

Thrornbin component B 

Fibrin gel 

(Fibrinogen -S-S- fibrinogen) 

Mardones et al (102) sugrested the equations for a 

disuiphide interchange reaction as follows: 
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R1.S_S_R2+R3_S_S_&4 R1-S-S-R31R2-S-S-R4 

flh_SHfR2_S_S_R3,iiR2_SH+Rl_S_S_R3. In this case, 

the R2-SII formed would be available to react with a further 

disuiphide, so that only a catalytic a'iount of a -SH roup 

could bring about considerable rearrangement. 

The iilk coaV;ulation by rennin phenomenon observed 

with the electron ücroscope snd the changes in -3H groups 

during rennin coagulation as shown amporometrically may be 

considered siiilar to that of blood coagulation. if it is 

so, the rennin nay, first, open up or unfold the calcium 

casemate, and second, release the -SII groups. when the 

-SII groups oxidize to the -S-S- bridge, the milk coagulates. 

When skim milk had been dialyzed overnigit against 

running distilled water to prevent clotting with rennin, 

the conditions were standardized so that the same amount 

of rennin would clot in six minutes and twenty seconds at 

39-LO°C with the same a].iquot of undialyzed skim milk. 

Amperometric titration for -SU groups showed that the -SII 

groups Increased from .00lL m.eq. in 10 ml. skim milk 

(.lI. m.eq./l.) to .002 n.eq. (0.2 m.eq./l.) expressed as 

cysteine in 1t30", followed by a decrease to O.00l in 5'. 

This was followed by an increase to 0.0017 in 6', followed 

in turn by a decrease to original in 11', after which a 

constant value was aintained (Curve C of Figure 20). 

From this it seems justified to account for rennin 
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coagulation after the modern theory of blood coagulation. 

The results suggest an over-all scheme for milk coagulatia 

by rennin as follows: 

Calcium caseiriate -3 (blocked) + Hennin tAt 

I J, 
Calcium casemate -3H 

II Rennin 'B' 

Calcium pacaseinate gel 

in reaction I the calcium casemate molecule has 

been unfolded so that the -SII groups increase; in reaction 

II, an aggregation of unfolded calciun casemate takes 

place, the -SII groups ou1d be decreased. 
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SUi1Ì1ARY AND CONCLUSIONS 

1. A simple, tine-saving procedure with a rniniuum of 

equipment hasbeen developed to partially purify ren- 

fin concentrato and reduce it to rennin powder. Six 

fractions were isolated, the fifth and the sixth be- 

Ing very sii1ar. Fraction Y contained 59.L rennin 

units per mg nitrogen. This was ten times that of 

the initial rennet extract. The over-all yield was 

62% of the original which is higher than any previous- 

ly reported. A powdered rennin (Fraction i) having 

99.9% of the activity of the initial commercial ren- 

net extract was made. 

2. Repeated fractionation resulted in some loss in total 

activity, the final fraction having only 62% of the 

ori'inal. This activity loss was paztial1y recovered 

by freezing at -17.8°C and -23.0°C for three months 

or longer. 

3. Rennin powder when stored for four months lost l6" 

of activity at 36.6°C, 11 at fluctuating room tempe- 

rature, 10% at 1°C, and Th at -23°C. 

L. Distilled water was found to be the best solvent for 

the renriin precipitate for freezing; 2.5/o NaC]. solu- 

tion was also satisfactory as a solvent. Iirozen rennin 

had higher activity when thawed at ice water temperature 



than at room temperature. 

5. Although Cheddar cheese made from rennin powder and 

aged L months had a slightly lower soluble protein 

content than those made from couT1ercial rennet extract, 

its flavor was superior. 

6. The progress of milk coagulation by rennin as followed 

by the electron microscope shows an agglomeration of 

casoinate particles, first into a network of fibrils, 
and then into condensed bundles just before coagulation 

would occur. 

7. Comìiercia1 rennet extract dialyzed against running tap 

water at 15.6°C for 10 hours, and against distilled 
water for another 3 hrs at 1°C lost none of its activ- 

ity; beyond that, the longer the dialysis the greater 

the loss of activity. 
8. Hennin appears to be sensitive to light and air oxida- 

tion. 

9. A concentration of 714. ethanol may be used in the puri- 

fication procedure without reducing the activity, but 

when the concentration is increased to 8l, a loss of 

activity results. 
10. Various organic solvents other than ethyl alcohol, 

such as methanol, propariol-i, propa:iol-2, acetone and 

dioxane, etc., may be used to precipitate the rennin; 

of these methanol was found most satisfactory. 
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11. Paper olectrophoretic patterns of comnercia1 rennet 

extract using barbiturate buffer at pH 8.6 or pho- 

phate buffer at pli 7.L. revealed two peaks with anode- 

wise migration and at pH 6.6 only one peak migrated 

cathodewise. 

12. With barbiturate buffer at pH 8.6, and with phosphate 

buffer at pH 7.0 and 7.t, the migration of Fractions 

I and IV was anodewise with two prominent peaks ap- 

pearing. With phosphate buffers at pli 4.5 and 6.6, 

two components migrated toward the opposite directiai. 

Fractions V and VI, using barbiturate buffer pH 8.6, 

showed only one peak which migrated anodewise. 

13. when rennins precipitated from 20, 0, 60, 66.7 and 

80 ethanol were analyzed by paper electrophoresis, 

using phosphate buffers pII L.5 and 6.6, a two-direc- 

tional migration occurred, but the r'uigration was nil 

or nearly so at pli .0. 

lL. It appears that rennin may include two main compo- 

nents, one has an isoelectric point between L.5-5.0, 

the other between 6.6-7.0. 

1. Amperometric titration indicates that neither casein, 

paracasein, nor the alcohol-soluble protein from 

casein or paracasein, has free -Sii groups. 

16. The electrophoretic patterns of paracasein from ren- 

nm and ?paracasein from pepsin were sinilar. 
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17. The changes in -3H group during milk coagulation by 

rennin and by pepsin were similar. 
18. The iechanisrn of milk coagulation by rennin may be 

considered similar to the iodern concept of blood co- 

agulation in which a suifhydryl-disuiphide chain re- 

action is involved. Lt is poatulated that two main 

reactions may be involved in milk coagulation: 

The first consists of a rapid unfolding 01' the 

calcium casemate molecules; the second involves slow 

aggregation with colloidal calcium phosphate to form 

a gel structure with milk serum as the continuous 

phase. The serum is later released as whey as the 

curd shrinks. The over-all scheme for milk coagula- 

tion by rennin is suggested as follows: 

Calcium casemate-S (blocked) + Hennin lAt 

i J, 

Calcium casemate-3H 

ii Hennin 'B' 

Calcium paracaseinate gel 

(Calcium casemate-S-S-Calcium casemate) 

ADDENDUM: The following interesting reference was disco- 
vered after this thesis was completed. 
McKerns, K. W. Paper chromatography of casein 
and rennin. Canadian Journal of medical sci- 
ences 29:59-62. 19l. The author postulated 
that rennin appears to cause an unfolding and 
breaking of the alpha casein molecule with the 
appearance of several large polypeptides. 



TABLE 1. Activity of Fractions Obt..ined in Rennin Purification 

Activ- Total Total Total Specific Yield 
Fraction Volume ity activ- N N activity or re- 

/ml. ity uni. (per)mg. covery 

ni3. r.u. r.ti. mg. mg. r.u. 

Hansen s 

rennet 35 32.7 11L4 9 206 5.5 100 

Hansen s 

rnnet af- 60 16.2 972 1.2 72 13.5 100 
ter diaiyis 
for 10-13 hrs. 

I. 60 15.70 942 .4 214. 393 97 
Hansen's ren- 
net after di- 
alysis for 50 16.2 810 1.2 60 13.5 100 
10-13 hrs. 

II. 50 12,3 613 .3 iLs. 42.3 76 

Hansen's ren- 
net after di- 
alysis for ¿1'O 16.2 648 1.2 48 13.5 100 

10-13 hrs. 

III. 40 12.6 502 .28 11 42s,9 78 
Hansen's ren- 
net after 
dialysis for 
10-13 hrs. 30 16.2 486 1.2 36 13.5 100 

IV. 30 11.8 354 0.2 7 53.6 73 
Hansen's ren- 
net after 
dialysis for 
10-13 hrs. 20 16.2 324 1.2 24 13.5 100 

V. 20 10.1 202 0.17 3 59.4 62 

r.u./ml = lOOd 14here r.u. = renni units, d dilution of the 

rennin sample, and t clotting time in seconds. 
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TABLE 2. Activity of rennin powder dried under vacuum at room tern- 

perature fror 14-48 hours. 

Equivalent Total Total ac- Total activ- 

No. of Wt. of volume of activity tivitr in ity of pow- 

frac- powder concen- in equivalent der as % of 

tion trate oowder concen- equivalent 
trate concentrato 

mg. ml. r,u. r.u. 

I. 209.9 22 1164 1164 100 

III. 61.4 22 319 315 101 

IV. 376.0 61.5 2151 2151 100 

V. 99.5 40.0 514 513 100 

VI. 102.5 40,o 658 656 100 

TP.BLE 3. The effect of different temperatures of storage on rennin 

powder from Fraction I of Lot XXXI. 

No. of Storage Coagulation* Average of 20, 90, and 120 days 

sample temper- time before in storage 

ature storing Coagulation Activity 

time recovery 

Secorxis Seconds 

8 98 95 113 84 

7 86 95 108 88 

3. 70 95 U0 66 

2 58-62 95 110 86 

3 45 95 11]. 86 

14 34 95 105 90 

5 0 95 111 86 

6 -10 95 102 93 

* The rennin powder dilution was propared by dissolving 4.8 mg. of 

rennin powder in 25 ini. of 5 NaC1. 1 ml. of this rennin powder 

dilution was added to 10 ml, of l0 reconstituted skim milk (10 g. 

low-heat skim milk powder dissolved in 90 ml. of distilled water) 

with a wide-tip 1 ml. pipette, at 39-40°C. Then the coagulation 

time was taken as described under rennin coagulating activity. 



TABLE L. The effect of different solvents on freezing of 'raction 1* 

of Lots III, IV and V. at 0°F. 

Lot Volume Total Total activity Total activity 

number used for Solvent activitr after three after seven 
freezing before months at 0°F months at 0°F 

freezing Chang Change 
-- - 

-ç:---: 
III. 10 distilled 272 362 +33 385 442 

water 

IV. 10 distilled 135 189 +4O 202 +LI9 

water 

;,. 10 NaC1 199 211 + 6 213 + 7 

V. 10 0.OLI N 18L4 92 -50 16.8 _91 
HC1 

* Before the rennin activity was tested, the frozen product was 
thawed at room temperature. 
Fraction I of Lots III an IV was obtained by fractionating at room 
temperature and its yield was 4l of the initial rennet extract be- 
fore freezing. 
Fractior I oÍ Lot V was obtained by fractionating at 2°C. Its 
yield was 85 of the initial rennet extract before freezing. 

TABLE 5. The effect of various concentrations of sodium chloride on 
the activity of rennin of Fraction IV, Lot XXCVflI, hold 
at 0F for 96 days when the frozen rennin was thawed in 
ice water bath. 

Total activity Total activity 

Level of Volume befare freezing after 96 days 

NaC1 used of freezing 
Change 

mi. r.u. r.u. 

10 10 127 131.9 44 

5 10 127 13L1..l +6 

2,5 10 127 138.5 +9 

Distilled 
water 10 127 138.5 +9 

liCi 10 127 115.5 -9 

* Fraction IV was obtained by fractionating at 2°C and its yield wa 
70 of the original rennet extract before freezing. 
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TABLE 6. The effect of two different methods of thawing the frozen 

rennin, Fraction I*, Lot XXXI., stored at 0°F' for 96 days. 

Total activity -- 
after 96 days of freezing 

Sol-. Volume Total 0°F -10°F 

vent used activ- - 
used Thawed at Thawed in Thawed at Thawed in 

before room tern-. ice water room tern- ice water 
freezing perature perature 

Change Change Change Change 

ml. r.u. r.u. r.u. % ru. r.u. 

5% NaC1 2 52,6 48.8 -7 51.3 -.2 49.3 -6 53.5 42 

Distilled 
water 2 52.6 49.0 -7 54.4 +3 51,2 -3 55.8 +6 

0.045 N 
HOi 2 52.6 42.8 -.19 42.4 -19 45.0 -14 41.4 -21 

* Jith exceotion of Lots I to IV, aU fractions were fractionated 
t 2°C. 



TABLE 7. The effect of freezing on commercial rennet extract at 00F. * 

No. Vol. rennet Distilled Total Approx- :ctivity before Activity after 18 days 
tube extract water Volwt imate freezing of freezing 
test added added concen- 

tration oer ml. Tota]. per ml. Total Change 
NaC1 

ml. ml. ml. r.u. r.u. ru. r,u. 

1 5 5 10 9 47.4 237 46.7 233.5 -2 

2 2,5 7,5 10 4.5 46,8 117 44.9 112.5 

3 1.25 8.75 10 2.3 45.4 58.8 45.8 57.3 +1 

* The frozen rennet had been thawed in ice water before the rennet activity was taken. 



TAFLE 8. Analysis of two-months old cheese. 

Lot 
number 

-i. 

Moisture T.N. 
% 

T.P. S.N. 

% 

3.P. S.P. as 
or T.P. 

Flavor 
score 

(1) 36.0 6.1 39.3 1.1 7.3 18.7 36 

I. (2) 36. 6.3 !O.2 1.1 7.0 17.5 31 

II. (1) 37.2 5.7 36.lj,. 1.2 7.I. 2O.L 3 

_tI. (2) 36.7 5.8 36.8 1.0 6.L. 17.5 36 

II. (3) 37.0 S.7 36.3 0.9 5.8 16.0 36 

* I. (1) 13 ml. Hansen's rennet added to 172 pounds of pasteurized rhole milk 

I. (2) o.io8L. g. of Fraction IV powder equivalent to lL. ml. of Hansen's rennet 
was added to 168 pounds of pasteurized whole milk. 

II. (1) 16 nil. Hansen's rennet added to 170 lbs. of pasteurized whole milk. 

II. (2) O.l21j3 g. of Fraction I powder equivalent to 15 ml. of Hansen's rennet was 
added to 170 pounds of pastetirized milk. 

II. (3) O.099 g. of Fraction V powder equivalent to 13 nil, of Hansen's rennet was 
added to 170 pounds of pasteurized whole milk. 

All the rennin powders were dissolved in about 200 ml. of NaC1 solution 
before adding to milk. 

T.N. total nitrogen 
T.P. total protein 
S.N. soluble nitropen 
S.F. soluble protein 
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TABLE 9. Proteolytic activity of rennin powder from Fraction IV. 

L. minutes 30 minutes 

Total nitrogen (TN.) in original 
lO ml. skim milk, mg. 60.2 60.2 

Nitrogen not precipitated with trich- 
loroacetic acid (TCA) in the fil- 
trate from rennin flask, mg. 3.81 .22 

flitrogen not precipitated with PCA in 
the filtrate from control, mg. 3.63 3.78 

Increase in nitrogen ue to proteo- 
lysis, mg. 0.18 O.242l 

Increase in nitrogen due to proteo- 
lysis, % 0.29 0.73 

* Rennin solution was prepared by dissolving 1.5 ing. of ronnin 
powder of Fraction IV in 25 ml, of 5% NaC1. i ml. of this 
dilution, containing 0.66 mg. nitrogen, was added to 10 ml, 
of 10 reconstituted skim milk, t O-41°C, the coagulation 
time was 4'58". At the end of # and 30 minutes, the protein 
in the samples was precipitated by adding 10 ml. of 1 N trich- 
loroacetic acid (TCA) to the well-mixed saieple. The nitrogen 
of tk filtrate as determined by the Kjeldahl method was con- 
si.dered as nitrogen, not nrecipitated by TCA. In the cal- 
eulations, allowance was made for nitrogen contained in the 
rennin. 



TABLL 10. The effect of length of dialysis against running tap water at 60°F on the rennet 
activity 

Volume and activity of commercial rennet extract after dialysis for 

o hours 13 hours 17 hours 22 hours 

Change in Change Change Change 
V. A/ml T.A. T.A. V. A/nil. LA. in TA. V. A/mi. T.A. in T.A. V. A/ml. TA. in T.A. 

mi. ru. r.u. mi. r.u. r.u. % ini. ru. ru. % ini. r.u. r.u. 

50 21.0 1050 0 50 20 1000 ...5 k6 19 871 -8 52 16 850 -19 

- 33 hours k3 hours 

Change Change 
V. A/ml. T.A. in TA. V. A/nil. TA. in TA. 

nl. ru. ru. nil. ru. r.u. 

56 lLI 802 _2L1. 62 12 75 -29 

V. Volume 
T.A. Total activity 
A. Activity 
r.u. Rennet unit 
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TABLE 11. The effect of NaCÌ and of 0.045 N ECl used as diluonts 

on rennet activity 

No. of Volume Amt. of solvent Final volume ictivity Total 

frac- added and caneen- / ml. activ- 

tion tra tion ity 

ml. r.u. r.u. 

V (3) 35 35 ml.of 10% MaCi 70 ml.of 5% 
NaC1 19.90 1393 

V (3) 35 35 inl.of 0.09 70 mi.of 

NHC1 0.05 NHC1 18.38 1287 

TABLE 12. The effect of position of dialyzing sac in a 2-l. beaker 

against running tap water at 60°F on the rennet activity 

Position Final volume Activity/mi Total activity 

ml ru. r.u. 

xperirnelTt I. 

Bottom 50 '+0.6 2028 

Top 50 36.2 1812 

xperiment II. 

Bottom 100 22.'+ 22+O 

Top 100 20.8 2080 
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TABLE 13. The effect of the concentration of 95% alcohol used in 

precipitating the rnnin on the activity of the rennin. 

No. of Vo1ui Conc. of al- Total Total activity 

fraction cobol used activity as of dia- 

for precipi- lyzed extract 

tatiori 

ini % r.u. 

Dialyzed rennet 
extract k5 706 100 

I 45 85.2 595 84 

I 45 77.8 706 100 



TÁBL: 1k. 3. comparison of precipitated rerinin activity recovery with 

different organic solvents 

Vol- Activity Total Total Activity Activity Recovery 

Fraction urne per to- nitro- salid per mg per mg of activ- 

ml tal gen nitrogen solid ity 

ir1 r.u. r.u. mg mg ru. r,u. 

Dialyzed rennet extract 
ko 17.9 717 k4 1278 16.3 0.6 100 

T:recipitate$ from methanol* 

50% 10 13.3 l3 2,2 21 60.3 6.k 18 

66.7% 10 :35.5 355 4.k 53 80.6 6.7 50 

77.8 10 12.1 121 92 76 13.2 1.6 19 

Total 85 

Precipitates from propanol_l* 

50 10 2.2 22 4.3 58 5. 2 O.k 3 

66.7% 10 214.3 2k3 6.6 3k 36.8 7.1 34 

77.8* lO 18.7 187 7.2 55 26.0 3.4 26 

Total 63 

Precipitates from propanol2* 

50 % 10 10.8 108 7.4 91 lk.6 1.2 15 

66.7% 10 29.4 294 7,6 6k 38.7 4.6 

77.8% 10 17.9 179 4.3 52 41.7 3.4 25 

Total 81 

1'recipitates from acetone* 

50 % io 2.6 26 7.0 83 3.7 0.3 ¿4. 

66.7; 10 38.5 385 6.2 64 62.0 6.0 54 

77.8% 10 4.6 46 2.3 23 20.1 2.0 6 

Total 64 

Precipitates from dioxane* 

50 10 0.7 7 5.6 66 1.2 0.0 1 

66.7 10 1.3 13 3.2 40 4.1 0.3 2 

77.8 10 5.9 59 36 ¿4.5 16.3 1.3 8 

Total 11 

* The detailed procedure for fractional preparation 
had been 

described (o. 12). LO ri]., of dialyzed rennet extract 

(continued) 



55 

TABLE 1I.. (continued) 

was adjusted to pH 5,L. with 0.1 N HOi precipitated with 
so of organic solvent (about LO ml.) and centrifuged at 
2000 r.p.i. at ÌOC. The precipitate (ppt.1) was dis- 
solved in 10 ml. of distilled water and tested for ac- 
tivity, The supernatant (sup.1) was adjusted to pli 5.14. 

again and precipitated with 66.7 of organic solvent 
(about 14.0 nl.) to obtain precipitate 2. The supernatant 
(sup.2) was adjusted to pH 5.Lj and precipitated with 77.L3 

of organic solvent (about 60 ml.). The precipitate (ppt. 

3) was centrifuEed and dissolved in 10 ml. of distilled 
water and tested for activity. 

Precipitates 1, 2 and 3 were precipitates from 0, 

66.7 and 77.8 of organic solvent respectively. 



TABLE 15. The yield of precipitated rennin from dialyzed rennet 

extract with various organic solvents, before and after 

drying. 

Fraction Volume Before drying After drying 

Activity T.A. Yield Activity T.A. Yield 

per ml per ml 

ml r.u. ru. % r.u. r.u. 

Dialyzed rennet extract 
4'O 17,9 717 100 7.7 309 

Precipitates from methanol* 

50 % io i3.3 133 18 U.9 119 17 

66.7% io 35.5 355 50 46.3 463 65 

77.8% io 12.1 121 17 15.9 159 22 

Total 85 lO+ 

Frecipitates from propanol_l* 

50 % io 2.2 22 3 2.2 22 3 

66.7$ 10 24.,3 2/4.3 34 15.1 151 21 

77.8% io 18.7 187 26 12»4 124 17 

Total 63 41 

recipitates from propanol_2* 

50 10 10.8 108 15 8.1 31 12 

66.7 10 29.14 294 41 13.8 138 19 

77.8% 10 17.9 179 25 15.8 158 22 

Total 81 53 

Precipitates from acetone* 

50% 10 2.6 26 4 2.6 26 4 

66.7% 10 38.5 385 4 45.7 457 64 

77.8L lo 4.6 46 6 4.3 43 6 

Total 64 74 

?recipitates from dioxarie* 

50% 10 0.7 7 1 0.5 5 7 

66.7% 10 1.3 13 2 1.3 13 2 

77.8% lo 5.9 59 8 4.9 49 7 

Total 11 16 

* The detailed rrocedure for fractional preparation had been 

described (p. 12). 



2 

TABLE 16. The suifhydryl content ol' various milks, casein, paracasein, 

rennin, and pepsin. 

roduct Sulfhydryl content expressed 
as cysteine 
m.eq./1. 

Reconstituted skim milk 0.12 

Reconstituted skim milk after 
heating to 80°C for 10' 0.06 

Casein 0.00 

Faracasein 0.00 

Jcohol soluble from casein 0.00 

Alcohol soluble from Daracasein 0.00 

Renniri o 00 

Pepsin 0.00 

* Colostrum from cow J281 0.32 

* Whole milk from cow 620 0.16 

* Whole milk from cow 325 0.12 

* Whole milk from cow 531 0,12 

* Cow 620 lOk months in lactation 
* Cow 325 54- months in lactation 
* Cow 531 5 months in lactation 
*J281 calved i day before sample was taken. 
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F1t&+ Paper e1ectr0Ph01etic 
patterns of commercial 

rennet extracte. 

A, Barbiturate 
buffer pH 8.6, u - 

B, phosphate buffer P11 
7.L4, u 

C, phosphate 
buffer pH 6.6, u = 

Paper electroPhoretbc 

A, Phosphate buffer pH 
7.L, 

B, Phosphate buffer pH 
6.6, 

C, phosphate buffer pH 
L, 

o.OS, 8 ma, 16 hrs. 

0.16, ma, ib hi's. 

0.12, 8 ma, 16 hi's. 

patterns or 
u = 0.16, 
u = 0.12, 
u 0.067, 

Fraction 
ma, 16 

8 ma, 16 

8 ma, 16 

I. 
hr s. 
hr s. 
hr s. 
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A 

.E1ectrophoretic patterns of Fraction IV. A, arbiturate buffer pH 8.6, u = 0.05, 8 rna, 16 hrs. B, Phosphate buffer pH 7.0, u 0.15, 5 rna, 16 hrs. C, Phosphate buffer pH 6.6, u 0.12, 8 rna, 16 hrs. D, Phosphate buffer pH L.5, u 0.067, 8 rna, 16 hrs. E, Phosphate buffer pH 5.3, u = 0.07, 5 rna,. 16 hrs. 
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Electrophoretic patterns of Fraction V. 

Barbiturate buffer pH 8.6, u O.O, 8 rna, 16 hrs. 

FiGs. Electrophoretic patterns of Fraction VI. 

Barbiturate buffer pH 8.6, u O.O7, 8 rna, 16 hrs. 
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FIGURE 9 

Observations of rennet coagulation under 
electron microscope with coagulation time of one 
minute and fifty seconds both by commercial ren- 
net and purified rennin Fraction IV. A, Control; 
B, 30 seconds after adding Fraction IV; C, one 
minute and 30 seconds after adding Fraction IV; 
D, 30 seconds after adding commercial rennet; 
E, one minute and 30 seconds after adding commer- 
cial rennet. 
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F..iò. Paper electrophoretic patterns of rerinin 
precipitated by 2O) of ethanol. 

A, Phosphate buffer at pli u 0.067, 8 ma, 16 hrs. 

B, Phosphate buffer at pH 6.6, u = 0.12, 8 ma, 16 hrs. 

tterflS of reflfli 

flt.iI. Paper e1ectrOP"' -- 

preCiP1tat by 0) of ethanol. 

A, Phosphate buffer at pli u 0.067, 8 rna, 16 hrs. 

B, Phosphate buffer 
at pH .0, u o.o68, 8 ma, 22 hrs. 



FILQI Paper electrophoretic patterns 
precipitated by 6O of ethanol. 

A, Phosphate buffer at pH L, 8 ma, 16 hrs, 

B, Phosphate buffer at pH 6.6, 8 ma, 16 hrs, 
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of rennin 

u = 0.067, 
u - 0.12. 
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FIAJ3. Paper electrophoretic pattern of rennin precipi- 

tated by 66.7/ of ethanol with phosphate buffer. 

A, pH 8 ma, 16 hrs, u 0.067 

B, pH .0, 8 ma, 22 hrs, u .068. 

FG 14-. 
Paper electrophoretic patterns of rennin pre- 

cipitated by 50 of ethanol with phosphate 

buffer 

A, pH 6.6, 8 ma, 16 hrs, u 0.12 

B, pH .0, 8 ma, 22 hrs, u .06. 
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Paper electrophoretic patterns of casein, para- 

casein, pepsin, alcohol soluble protein from 

casein and from paracasein. 

A, Casein with phosphate buffer at pH 6.6, 
8 ma, 16 hrs, 

u 0.12; 
13, Faracasein from rennin 'iith phosphate buffer at pH 6.6, 

8 ma, 16 hrs, u = 0.12; 

C, Paracasein from pepsin with phosphate 
buffer at pH 6.6, 

8 ma, 16 hi's, u 0.12; 

D, Mixture of paracaseins from rennin 
and pepsin with 

phosphate buffer at pH 6.6, 8 ma, 16 hrs, u = 0.12; 

E, Pepsin with phosphate buffer at pH 6.6, 8 ma, 16 hrs, 

u :: 0.12; 
F, Alcohol soluble from casein with phosphate buffer at 

pH 6.6, 16 hrs, u = 0.12; 

G, Alcohol soluble from paracasein with 
phosphate buffer 

pH 6.6, 8 ma, 16 hrs, u = 0.12; 

H, Mixture of alcohol solubles from casein and paracasein 

with phosphate buffer at pH 6.6, 16 hrs, 8 ma, u = 0.12; 

I, Commercial rennet with phosphate buffer at pH 
6.6, 8 ma, 

16 urs, u 0.12. 
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H 
Paper electrophoretic patterns of raw skim milk and dialyzed, raw skim milk after adding renniri Fraction IV or commercial iDepsin just before co- agulation occurs, with barbiturate buffer at p11 8.6, 21 hi's, u = 0.05. 
A, Raw skim 
B, Dialyze 
C, Raw skim 
D, Dialyzed 
E, Raw skim 
F, Dialyzed 
G, Raw skim 
H, Dialyzed 

milk plus boiled rainin; 
skim milk plus boiled rennin; milk plus boiled pepsin; 

raw skim milk plus boiled pepsin; milk plus active rennin; 
raw skim milk plus active rennin; milk plus active pepsin; 
raw skim milk plus active pepsin. 

Note. Arrow pointing to the riit - indicates anodewise migration; to the left - cathodewise. Vertical arrow indicates point of application 
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FIG. 17. Apparatus for amporometric titration - -SH 
group analysis. 
A, Rotating platinum electrode; 
B, Reference electrode; 
C, Salt bridge; 
D, No. 18 copper wire connecting to 4. of 

microammeter H; 
E. No. 18 copper wire connecting to - of 

rnioroarnmeter H; 
F. Stirrer; 
G, 250-ml. beaker; 
H, Simson microammeter iiodel 29 with a rane 

of O-25 microamperos; 
I, A jar filled with saturated potassium 

chloride; 
J, U-shaped, soft glass tubing connecting 

reference electrode with jar, I. 
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flc2. The change of -SH groups during rennet coagulation 
(Purified rennin Fraction IV in powder form) with 
pasteurized skim milk. 
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