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The amino acid composition of a number of egg proteins under investigation in this Laboratory has been determined by microbiological and
other methods. The results of these determinations, a description of the
microbiological methods, and analyses of reference proteins are reported
here.
Materials and Methods
Lysozyme prepared from egg white by the method of Alderton and
Fevold (1) was supplied by these authors. The material had been recrystallized five times from sodium bicarbonate (pH S), once from 5 per
cent sodium chloride (pH 4.4), dialyzed, and reprecipitated near the isoelectric point (PH 10.7). Ovomucoid, prepared by the method of Lineweaver and Murray (2), vitellin, prepared by the method of Alderton and
Fevold (3), and phosvitin, prepared by the method of Mecham and Olcott (4), were supplied by the respective authors. Conalbumin (5) was
obtained from H. F. Deutsch of the University of Wisconsin, who found
it to be about 95 per cent pure electrophoretically.
Tests in this Laboratory showed it to be of similar iron-binding capacity as preparations made
according to Alderton et al. (6). Avidin was prepared by a method yet to
be described. It was of slightly higher activity than preparations described previously (1 mg. of avidin bound 8 y of biotin), and is believed to
be about 90 per cent pure.
p-Lactoglobulin and chymotrypsinogen were obtained through the courtesy of E. F. Jansen. &Lactoglobulin was prepared by the method of
Palmer (7) and recrystallized four times by solution in dilute sodium chloride followed by dialysis at the isoelectric point (pH 5.2) of the protein.
The final product was lyophilized.
Chymotrypsinogen, purchased from
the Plaut Research Laboratory, Lehn and Fink Products Corporation,
Rloomfield, New Jersey, was recrystallized (8) seven times and exhaus-~
tively dialyzed and then lyophilized.
Egg albumin was supplied by W.
H. Ward. It was recrystallized three times after isolation by the method
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of Kekwick and Cannan (9). Bovine serum albumin was crystalline
material, Lot 46, from Armour and Company.
Total nitrogen was determined by the micro-Kjeldahl
method with mercuric oxide as the catalyst.
Amino nitrogen was determined in the manometric Van Slyke apparatus, either with a 15 minute reaction time, or for
increasing time periods from 15 minutes to 2 hours, the true amino nitrogen being obtained by extrapolation.
Reproducibility
was not very good
in 1 and 2 hour runs. Triplicate analyses were averaged. Results obtained by extrapolation to zero time were from 5 to 11 per cent lower than
those of the 15 minute reaction period.
End-group calculations based on
these values agreed with those obtained with other techniques, indicating
that the extrapolated was the correct value. Amide nitrogen was determined by autoclaving in 1.2 N sulfuric acid at 120” for 40 minutes and
distilling ammonia from the hydrolysate made alkaline with a phosphate
buffer of pH 7.4. Sulfur was determined by the sodium peroxide fusion
method.
Moisture was determined by drying to constant weight at 102”.
All results are reported on a moisture-free basis. Tryptophan was determined on unhydrolyzed samples by the method of Spies and Chambers (lo),
with a 12 hour reaction period and 0.05 ml. of 0.1 per cent nitrite.’
Acid
and basic groups were determined by the dye method (11). Because of
the high isoelectric point of lysozyme, acid groups could be determined
only on less basic derivatives (12) of this protein.
The basic groups of
ovomucoid could not be determined by this method, since t,he dye-protein
complex did not precipitate.
Cystine was determined
by the Sullivan
method after hydrolysis with a mixture of concentrated hydrochloric and
95 per cent formic acid (1 ml. and 0.8 ml., respectively, for 10 to 40 mg.
of protein).
Ovomucoid and conalbumin showed the same cystine content
when hydrolyzed instead with 6 N hydrochloric acid for 24 hours, but
lysozyme and vitellin gave lower values.
For microbiological
assay, the proteins were hydrolyzed by refluxing for
18 hours with 6 N hydrochloric
acid (20 ml. per gm. of protein).
The
hydrolysates were dried in vucuo to remove most of the acid, and diluted
Aliquots were neutralized before assay with
to prepare a stock solution.
LeuconostocmesenteroidesP-60 (ATCC 8042) (arginine, aspartic acid, glytine, histidine, lysine, phenylalanine, proline, serine, and tyrosine), Lacto1 The color given by lysozyme and conalbumin under the test conditions differed
from that of the standard (blue, as compared to gray-purple),
but good agreement
was obtained for widely different amounts of protein.
This is in contrast to results
obtained with older modifications
of the dimethylaminobenzaldehyde
method.
Alkaline hydrolysis (without
the precautions suggested by Spies and Chambers
(10)) caused progressive destruction
of tryptophan
without preventing
the variations depending upon assay level observed for the older modifications.
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bclcillus arabinosus 17-5 (ATCC 8014) (glutamic acid, isoleucine, leucine,
methionine, and valine), Leuconostoc citrovorum (ATCC 8081) (alanine and
A general
serine), and Streptococcus juecalis R (ATCC 8043) (threonine).
basal microbiological
assay medium was formulated to contain concentrations of the amino acids high relative to the requirements of the test bacteria and also high relative to the amounts of the amino acids normally introduced in the protein hydrolysates.
This medium (double strength)
contained the following: (in gm. per liter) glucose 40, sodium acetate (trihydrate) 4, sodium succinate 20, potassium phosphate (monobasic) 2, ammonium chloride 10, magnesium sulfate (heptahydrate) 0.4, ferrous sulfate
(heptahydrate) 0.02, manganous sulfate (tetrahydrate) 0.08, m-alanine 4,
L-arginine 0.6, L-asparagine 2, m-aspartic acid 0.4, L-cystine 0.8, L-glutamic
acid 2, glycine 2, L-histidine 0.4, hydroxy-L-proline
0.2, nn-isoleucine 0.8,
L-leucine 0.6, L-lysine 0.6, DL-methionine 0.6, nn-norleucine 0.2, m-norvaline 0.2, m-phenylalanine
0.6, L-proline 0.6, m-serine 0.6, DL-threonine
1.0, m-tryptophan
0.4, L-tyrosine 0.4, nn-valine 0.8, adenine sulfate 0.04,
guanine hydrochloride (dihydrate) 0.04, uracil 0.04, xanthine 0.04; (in mg.
per liter) thiamine hydrochloride 4, pyridoxine hydrochloride 2, pyridoxamine dihydrochloride
2, calcium pantothenate 4, riboflavin 4, nicotinic
acid 2, nicotinamide
2, p-aminobenzoic
acid 0.02, biotin 0.02, pteroylglutamic acid 0.02. The medium had to be buffered further for S. jueculis
as follows: (in gm. per liter) potassium phosphate (dibasic, trihydrate) 20,
sodium citrate 40. The medium of Steele et al. (13) was used for L. citrovorum. For serine assays both L. citrovorum and L. mesenteroides were
used with the latter medium, and the closely agreeing results were combined. The medium described above gave very discordant results for
serine with L. m,esenteroides.
Stock cultures were maintained on Difco tomato juice agar. The inoculum medium differed from the basal medium mentioned above in the
substitution of 5 gm. of acid-hydrolyzed casein per liter of diluted medium
for all of the amino acids except tryptophan and cystine. 1 drop of a
‘I-fold dilution of a saline resuspension of a 24 hour culture was used per
tube. Cultures were grown in a 4 ml. volume at 35” for approximately
64 hours. Normal net blank titrations (inoculated blank less the uninoculated blank) did not exceed 1.8 ml. of 0.05 N NaOH per 4 ml. of culture.
Normal net maximum growth controls were approximately
12, 11, 14, and
14 ml. of 0.05 N NaOH for L. mesenteroides, L. citrovorum, L. urubinosus,
and S. jueculis, respectively.
Dosage-response curves were sigmoidal with
glutamic acid and proline, and to a lesser degree with glycine, isoleucine,
and threonine.
L-Amino acids were used as standards except for the cases in which lack
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of pure L acids necessitated the use of DL acids (alanine, isoleucine, serine,
threonine, and valine)? A number of different preparations were tested
in most cases. n-Alanine is assumed to be completely active, while the D
isomers of isoleucine, serine, threonine, and valine are assumed to be completely inactive. The desirability of using the L isomer as a standard for
non-racemized hydrolysates is emphasized by the number of casesfor which
We found DLthe D isomer has been found to have significant activity.
alanine to be 105 per cent as active as L-alanine (possibly not pure) for
L. citrovorum, nn-aspartic acid 80 per cent as active as L-aspartic acid for
acid 60 per cent as active as L-glutamic acid
L. mesenteroides,DL-&ItaDIiC
58 per cent as active as L-leucine for L. arabifor L. arabinosus, DL-k!UCinf?
nosus, and nn-methionine 116 per cent as active as L-methionine for L.
arabinosus. All but the latter observation are in agreement with previous
findings. The unexpectedly high activity of nL-methionine is probably
related to the inclusion of 1 mg. of pyridoxamine dihydrochloride per liter
of medium; Camien and Dunn (15) have recently reported that one-tenth
this concentration would permit complete utilization of n-methionine by
L. arabinosus. The finding was confirmed with pure D- and L-methionine
prepared by Spies (16) ; n-methionine proved to be 126 per cent as active
as L-methionine for L. arabinosus but less than 1 per cent as active for
L. citrovorum.
Microbiological assaysof @-lactoglobulin, bovine serum albumin, chymotrypsinogen, and egg albumin made to check the reliability of the methods
are given in Table I. The results may be compared most conveniently
with the analyses compiled by Tristram (18). The alanine values run 10
t,o 20 per cent lower than values in the literature.
The other values for
/3-lactoglobulin, bovine serum albumin, and egg albumin check within f5
per cent with the most consistent values reported for non-microbiological
methods, except for histidine, leucine, and lysine in serum albumin and
valine in /?-lactoglobulin which check within f10 per cent, and isoleucine
in P-lactoglobulin and valine in egg albumin which run very high. The
analyses of chymotrypsinogen deviate in many instances from t,he published values (19).
Paper chromatography (20) was employed to show the presence of methionine and proline and the absence of hydroxyproline in protein hydrolysates. The ascending solvents were either a mixture of n-butanol (JO0
ml.), glacial acetic acid (30 ml.), and water (75 ml.), or water-saturated
2 The senior author of this paper erred in reporting values for sheep lactogenic
hormone (14) based on commercial preparations
of L-isoleucine, IA-threonine, and
L-valine which were subsequently found to be impure.
Revised values, based on the
standards used in the present work, are aa follows: isoleucine 5.6, threonine 4.1, and
yaline 4.6 gm. per 100 gm. of dry protein,
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tiollidine.
Methionine was detected on the- pzbper (Whatman
No. 1) by
iodoplatinate
(Winegard
et al. (21)), proline. by spraying
with isatin
(0.2 per cent) (22) and subsequent heating (10 minutes at 90”). A series
of varicolored spots on a yellow background was obtained with both acid
and alkaline hydrolysates
of lysozyme, as well as with a mixture of amino
acids resembling the composit.ion of lysozyme.
In each case only one blue
spot was obtained and this had an Rp value -si&ila;r to that of proline.
Hydroxyproline
gave a hardly perceptible spot with isatin; therefore ninTABLE
I
Amino Acid Composition of Reference Proteins
Results in gm. of amino acid in hydrolysate from 100 gm. of dry protein.
Constituent

-

-it LLactoglobdir

Egg albumin

-

Alanine. ......................
Arginine .......................
Aspartic acid. .................
Glutamic “ ..................
Glycine ........................
Histidine ......................
Isoleucine.....................
Leucine .......................
Lysine ........................
Methionine ....................
Phenylalanine.................
Proline ........................
Serine* ........................
Threonine .....................
Tyrosine ......................
Valine. ........................
N, %. .........................
* Assay values increased
acid hydrolysis (17).

‘5.8
2.88
11.3
18.4
1.38
1.66

-

7.3
15.2
11.2
3.12
3.63
5.0
3.8
5.2
3.87
6.2
15.6

5.0
5.7
10.2
16.2
1.75
3.68
2.65
12.0
11.5
0.85
6.3
4.6
4.0
5.7
4.9
6.1
16.1

by 10 per cent to compensate

5.7
5.9
9.2
15.7
3.20
2.41
7.1
9.9
6.4
5.4
7.5
3.8
8.5
4.0
3.75
8.8
15.8
for destruction

5.8
2.73
10.9

7.4
6.3
1.16
4.9
8.9
7.7
1.11

3.77
3.8
10.9
10.7
2.69
10.3
16.4.
during

hydrin was chosen for its detection. Small amounts of added hydroxyproline could not be detected in two-dimensional chromatographs because
of overshadowing by nearby spots of amino acids present in large excess.
Therefore, the following technique was adopted: 0.2 ml. of hydrolysate
(equivalent to 20 mg. of protein) was spread in a narrow band 1.25 inches
from the long edge of an 18 X 22.5 inch sheet of filter paper. The paper
was formed into a cylinder (with the hydrolysate band near the bottom),
which was humidified and set in a covered jar containing a thin layer of
water-saturated collidine and a dish of water. The solvent was allowed-to ascend about 30 cm. ; then the paper was removed to a hood and allowed
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to dry. The paper was then cut into strips 1 cm. wide (ART = 0.033
approximately),
parallel to the original hydrolysate band, in the region
about the hydroxyproline
band (RF = 0.34 approximately).
The strips
were eluted with water and the eluates were concentrated to 0.1 ml. Spots
of the eluates were then chromatographed
one-dimensionally
with o-cresol
and with phenol. 1 mg. of hydroxyproline added to the hydrolysate from
100 mg. of lysozyme was recognized very readily.
Results
The amino acid content of several egg proteins is given in Table II.
Cysteine (-SH) was not detected in any of these hy the nitroprusside
test after denaturation with guanidine salts. Hydroxyproline
was not detected by paper chromatography
in lysozyme, conalbumin,
ovomucoid,
vitellin, or egg albumin; avidin and phosvitin were not tested.
The analysis of Zysozyme is of particular interest because of its purity
and known low molecular weight. The results are in approximate agreement with the most recent data reported by Fromageot and Privat de
Garilhe (23). Alanine, glycine, histidine, leucine, lysine, and threonine
values check within 5 per cent, and serine, proline, methionine, and tyrosine
values agree within 10 per cent. Some of the greater discrepancies, as for
aspartic acid, glutamic acid, and arginine, may be related to the fact that
their tests were made on fractions of lysozyme hydrolysates.3
Our cystine
value is lower than theirs (8.0 per cent), but in view of the lability of
cystine under various conditions of hydrolysis, the higher value is probably correct.*
In view of the suggested absence of methionine and proline (24), we have
confirmed our microbiological
tests by identifying methionine and proline
by specific color tests (21, 22) on paper chromatograms of unfractionated
Both amino acids showed Rp values in two sollysozyme hydrolysates.
vents similar to those of the corresponding spots of the acid or alkaline
hydrolysate (Table III).
Identical
Rp values were obtained when an
amino acid mixture resembling lysozyme in its composition was compared
with the protein hydrolysate.
The intensity or size of the spots suggested
lower concentrations for both amino acids, particularly proline, than were
found by microbiological
assay.
The calculations summarized in Table IV show that 97 per cent of the
* Recent microbiological
assays have led Dr. Fromageot to revise some of these
values, leading to better agreement with our values (personal communication).
4 Independent
evidence that the higher cystine content found by Fromageot
et al. (23) is probably correct will be published elsewhere (12). Hydrolysis in the
presence of formic acid can in no way be counted on to prevent destruction of cystine,
which was found to be quite extensive in certain hydrolysates.
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solids and 98.5 per cent of the nitrogen are accounted for, which values
would be low to the extent that the alanine value is low. The composiTABLE
II
Composition of Egg Proteins
Results in gm. per 100 gm. of protein, except for the acid and basic groups which
are in equivalents per lo4 gm. of protein.

-

Constituent

Alanine. .................
Arginine ..................
Aspartic acid. ............
Cystine. .................
Glutamic acid. ...........
Glycine ...................
Histidine. ................
Hydroxyproline.
..........
Isoleucine ................
Leucine ......
.......
Lysine ....................
Methionine ..............
Phenylalanine............
Proline. ...........
......
Serinei ...................
Threonine. ..............
Tryptophan.
, ...........
Tyrosine .................
Valine. ..................
Amide N .................
Free amino N ............
Total N. .................
cL s ..................
“ P ..................
Acid groups. .............
Basic
“ ..............

.ysozymc

5.8
12.7
18.2
(6.U
4.32
5.7
1.04
Nil
5.2
6.9
5.7
2.06$
3.12
1.40
6.7
5.5
10.6
3.58
4.8
1.71
0.7411
18.6
2.53
g,t
13.0

hmlbumin

( hwnucoid’
. -

4.4
7.6
13.3
3.8
11.9
5.7
2.57
Nil
5.0
8.8
10.0
2.03
5.7
4.9
6.3
5.9
3.0
4.6
8.2
1.04
1.1111
16.6
1.83
0.0
14.1
14.0

-

--

2.3
+
3.7
6.5
13.0
9.7
6.7
0.46
6.5
6.6
3.8
4.6
2.15
0.96
Nil
1.43
5.5
5.1
4.9
6.0
6.2
0.95
1.41
2.91
5.9
2.72
1.64
4.2
4.5
5.5
10.5
so.3 (2 )
5.4
3.18
0.88
6.0
4.2
1.00
1.3
0.6811
1.1
13.1
14.8
2.2 (2 1 0.95
0.0
0.79
13.4
8.1
8.6

-

Vitellin

Avidin

1.5
4.8
4.4
0.0 (4)
3.4
1.6
4.8
0.5
1.0
5.9
0.3
0.6
1.0
33
1.4
0.6
0.1
1.1
0.8
0.7
11.9
<O.l
9.7
56

(4:
(4)
(4)
(41
(41
(4:

4.0
8.4
8.1
1.5
11.0
2.8
3.0
Nil
5.3
8.6
6.9
2.8
4.0
4.4
11.2
4.7
1.1
3.8
6.2
1.29
0.73
15.7
0.99
2.2
18.1
7.5

* The numbers in parentheses refer to the bibliography.
t Approximate
values.
$ Values for methionine in lysoayme varied from 1.6 to 2.1 by L. arabinosus;
the average of closely agreeing values obtained with L. citrovorum and L. mesenteroides is given.
Q Assay values increased by 10 per cent to compensate for destruction
during
acid hydrolysis (17).
(1Values obtained by extrapolation
to zero time.

tion of lysozyme thus appears sufficiently well elucidated to permit some
structural interpretations.
The 2 residues of methionine found by us and
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the 5 residues of cystine found by Fromageot and Privat de Garilhe (23)
account quantitatively for the sulfur of the protein. The cystine content
(there.is no cysteine (12)) would permit the existence of a maximum of six
peptide chains per molecule. However, calculations of the terminal amino
and carboxyl groups by difference between total basic, acid, and amino
groups on the one hand, and the respective amino acids on the other
(Table IV), suggest that the actual number is two or one.6 Other considerations (12) favor a single peptide chain. The net excess of basic over
acid groups (about ten per molecule) is consistent with the basic nature of
lysozyme.
TABLE

RI Values of Proline
Solution chromatographed

III
and Methionine
Butanol-acetic

acid

Collidine

Proline.....................................
0.24
0.14
Amino acid mixture, acid. .
..
0.28*
0.13
Lysozyme hydrolysate, acid.
.
0.28
0.13
“
“
alkaline.
.
0.28
Methionine........:........................
0.42
0.29
Amino acid mixture, acid. . :.
0.03, 0.45*
0.03, 0.26*
Lysoayme hydrolysate, acid.. :.
.
0.03, 0.44
0.03, 0.27
i‘
“
alkaline.
. . .
0.40
0.27
Gystine.....;...............................
0.03
0.03
---- .* The chromatogram
was not affected if the 5 N hydrochloric
acid solution of the
amino acid mixture simulating
lysosyme was first refluxed or was evaporated directly.

The minimal molecular weight is 14,900 on the basisof 1 histidine residue
per molecule. The minimal molecular weight of 14,900 is supported by
the: results of assays for other amino acids; most of those represented by
2 to 8 residues per molecule approach the expected integral values closely
(Table IV) when calculated on the basis of this molecular weight. In
agreement with this, a molecular weight of 14,700 can be calculated from
the sedimentation velocity and the diffusion coefficient published by Alderton et aE. (26) and the partial specific volume of 0.720 calculated from the
6 The applicability
of these techniques for approximate
determinations
of the
number of chain ends in proteins was tested with egg albumin.
Only 0.2, 0.3, and
-0.3 end-groups per lo” gm. of protein are found by the three modes of calculation, if it is assumed that the -SH group is not free to bind the basic dye and that
the phosphate carries only one effective charge. No end-group is detectable with
dinitrofluorobenrene
(25).
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amino acid composition according to the principles6 outlined by Cohn and
Edsall (28). The molecular weight of 14,500 obtained by light-scattering
measurements’
is also in close agreement.
A slightly lower ‘value. of
13,900 f 600 was obtained by Palmer et al. (29) from x-ray .diffraction
. .,,
measurements,
and higher values of 17,500 (26) and 16,600* by osmotic
pressure determinations.
The nitrogen and solids of conalbumin are accounted for almost quantitatively (Table IV).
The similar numbers of acid and basic groups are
consistent with the isoelectric point of 6.1 reported by Bain and Deutsch
(5). The molecular weight of approximately
87,000 (5) is too large to
permit establishing the exact numbers of amino acid residues.
The number of peptide chains appears to be approximately
nine. The cystine and
methionine residues fail to account quantitatively
for the sulfur ,found by
direct determination;
this may be due to loss of cystine during hydrolysis.
The amino acid contents listed in Table II represent 86 per cent of the
total nitrogen (Table IV) of ovomucoid. The rest of the nitrogen is partially accounted for by glucosamine.
Thus Stacey and Woolley (30) report that a carbohydrate
fraction, which makes up 20 per ‘cent of ovomucoid, consists of 7 N-acetylglucosamine,
3 mannose, and 1 galactose
residues.
This corresponds to 5.5 per cent of nitrogen in the carbohydrate
moiety, or 8.4 per cent of the total nitrogen of the protein.
Hewitt (31)
found 9.5 per cent glucosamine in ovomucoid by a calorimetric test on ‘a
hydrochloric
acid hydrolysate.
This corresponds to 5.7 per cent of the
total nitrogen (assuming 13.1 per cent total nitrogen).
Only 66 per cent
of the total solids is accounted for as amino acids.
The number of moles of amino acid in 28,800 gm. of ovomucoid (Table
IV) approaches the expected integral values closely for those amino acids
present to the extent of 2 to 8 moles (except alanine).
These results represent good evidence in support of the molecular weight of 28,800 found
by osmotic pressure (2). Cystine and methionine account for 90 per cent
of the ‘sulfur found by analysis.
The difference between the number of
free.amino groups and the number of lysine residues suggests the presence
of two peptide chains per molecule.
However, the thirty-nine
acid groups
found per molecule are greatly in excess of the number of acidic amino
acids reduced by the number of amide groups (Table IV).
The previous
finding that, the amino acids account for almost all the protein nitrogen
6 The partial specific volume of the cystine residue was assumed to be 0.63 rather
than 0.61 (27).
7 N. Halwer, in preparation
for publication.
S A. Mqhammad, unpublished
experiments.
The slow dialyzability
of lysosyme
under the test conditions was taken into consideration.
The results were very
similar in water and in 8 M urea solutions.
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Amino N. ....................
Amide N .....................
Total N. .....................
N accounted for by amino acids I
and amide?. ................
Total S .......................
S accounted for by cystine and I’
methioninet ................
Mol. wt. by summation of constituents?, 1. ...............
Acid groups. .................
Basic “
..................

-

PROTEINS

TABLE IV
Groups, or Residues per Molecule
Lysozyme

14,900
9.7
10.9
20.4
(4.96)”
4.36
11.3
1.00
5.91
7.84
5.81
2.06
2.82
1.81
9.51
6.89
7.73
2.94
6.11

Mol. wt. assumed., ...........
Alanine ......................
Arginine ......................
Aspartic acid .................
Cystine. .....................
Glutamic acid ................
Glycine .......................
Histidine .....................
Isoleucine....................
Leucine......................
Lysine ........................
Methionine ...................
Phenylalanine
................
Proline .......................
Serine ........................
Threonine. ...................
Tryptophan.
.................
Tyrosine .....................
Vaiine ........................

Peptide chains
By free amino groups?, 11...
“ basic groups?, **. .......
“ acid
“ t, tt ........

OF

Conalbumin

87,000
43
38
87
13.8
70
66
14.4
33
58
60
11.8
30
37
52
43
12.8
22
61

Ovomucoid

Avidin

28,800
7.4
6.1:
28.1
8.0
12.7
14.6
3.9!
3.1!
11.2
11.8
1.81
5.0:
6.8(
11.5
13.3
50.4
5.01
14.8

66,000
24.6
48
1.26
29.6
40.4
4.08
27.7
24.7
28.0
6.24
23.6
9.40
28.3
68.2
17.4
3.21
23.7

7.88
18.1
198

69
65
1032

14.0
20.6
270

52
61
697

195
11.8

1047
50

233
20

588
20

12

40

18

8

14,455

85,186

18,851s

47,183s

(10)
19.4

123
122

39

53
57

2

9
10
9

2
14

<all

0 (17)**
33 U6)tt

* Fromageot and Privat de Garilhe’s value (23) of 8.0 per cent cystine is used
in the calculations.
t All experimental
values have been rounded off to the nearest integers before
summation.
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TABLE IV-Concluded
$ The amino acids, amide ammonia, and phosphoric acid (avidin only) were
totaled, 1 molecule of water was deducted for each group (2 for each cystine),

and 1 molecule of water was added for each peptide chain (as calculated from the
free amino groups).
Q Ovomucoid and avidin contain carbohydrate.
11The number of peptide chains is assumed equal to the number of free amino
groups less the number of lysine residues.
7 The number of peptide chains would be less than twenty-four
by the number
of free amino groups in the nucleic acid component.
** The number of peptide chains is assumed equal to the number of basic groups
less the number of arginine, histidine, and lysine residues.
The value given in
parentheses for avidin is calculated by adding the seventeen phosphate groups to
the experimentally
determined number of basic groups.
tt The number of peptide chains is assumed equal to the number of acid groups
plus the number of amide groups less the number of aspartic acid, glutamic acid,
and tyrosine residues. The value given in parentheses for avidin is obtained by
deducting the seventeen phosphate groups from the experimentally
determined
number of acid groups.

but for only 66 per cent of the weight suggests that the non-protein moiety
actually represents more than 30 per cent rather than 20 to 25 per cent (2)
and thus may contain unknown constituents, possibly including free acid
groups. This would explain both the disagreement between terminal
amino and carboxyl groups and the low isoelectric point of ovomucoid
(pH 3.8 (32)), which appears out of line with its proportions of acid and
basic amino acids (25 : 22).
The data given in Table II for avidin are provisional because the material is not completely homogeneous by electrophoresis and because the small
amount of material available did not permit extensive replication of assays.
Nevertheless, the least frequent amino acid residues approach integral
values (Table IV) on the basis of the tentative molecular weight of 66,000
found by osmotic pressure measurements.*
Much remains to be determined with respect to the composition of avidin, since only 85 per cent of
the nitrogen, 72 per cent of the solids, and 40 per cent of the sulfur have
been accounted for. Lysine accounts for only 28 of the 52 equivalents of
free amino groups per mole. The high isoelectric point of avidin (around
pH 10) appears inconsistent with the small excess of basic groups over
The recent finding9 that
acid groups, as determined by the dye technique.
avidin contains nucleic acid may help to resolve these difficulties.
Phosvitin and vitellin (4, 3) are not pure proteins, and so a detailed discussion will not be offered. Mecham and Olcott (4) believe that the
phosphorus content of vitellin is due in part to the presence of phosvitin.
9 H. Fraenkel-Conrat,

in preparation

for publication.
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Part of the relatively high serine Content found for vitellin
kotild htive been contributed by the serine-rich phosvitin.

accordingly

SUMMARY

Amino acid and other analyses are presented for the following egg proteins: crystalline lysozyme, electrophoretically homogeneous conalbumin
and ovomucoid, and the lesspure proteins, avidin, phosvitin, and vitellin.
Analyses are also presented for the following crystalline reference proteins:
@-lactoglobulin, chymotrypsinogen, bovine serum albumin, and egg albu&II; and the microbiological assay methods used are described.

EWe wish to acknowledge the technical assistance of Mrs. P. A. Thompson and Mrs. F. C. Marsh with the microbiological assays, and Mr. E. D.
Ducay and Mrs. R. B. Silva with the chemical determinations. We are
indebted to Mr. L. M. White for elementary analyses, We wish to thank
Dr. M. S. Dunn of the University of California at Los Angeles for a gift
of DL-isoleucine, and Dr. J. R. Spies of the Allergen Research Division
of this Bureau for a gift of D- and L-methionine.
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