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ABSTRACT 

The amino acid analyses of 186 proteins are given as residues per 
1000 residues. Additional information as carbohydrate composition, 
content of uncomon amino acids, and sources of all proteins are also 
presented. 

Index Entries: Protein, amino acid analyses of; analyses, 
amino acids of proteins; amino acids, analyses of proteins. 

INTRODUCTION 

An alphabetical list of the 186 proteins and their sources, whose  
amino acid analyses are given in Table 2, can be found in Table 1. All this 
information and numerical  data were compiled from published literature 
sources that are cited in the list of references to Table 2. The amino acid 
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490 Kirschenbaum 

analyses are given as residues per 1000 residues regardless of how the 
original data was presented, e.g., mol%. All values have been rounded 
to the nearest value of ten except for values below 10, Where rounding to 
the nearest tenth has been done. The numerical values for aspartic acid 
and glutamic acid include any asparagine and glutamine that may have 
been present prior to hydrolysis. Half-cystine values have been obtained, 
in many analyses, from cysteic acid values or S-carboxymethyl values 
and methionine values from methionine sulfoxide. Where the analytical 
data has been corrected to "zero" time hydrolysis, for serine and 
threonine, it is indicated in the footnotes to Table 2. Table 2 has carbohy- 
drate composition data, numerical data for uncommon amino acids that 
may be present, and references to other preparations and analyses of 
similar proteins. 

The method used to compile these numerical data has been de- 
scribed (1). This paper is part of a continuing compilation of amino acid 
analyses (2). 

REFERENCES 
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2. Kirschenbaum, D. M. (1983), Appl. Biochem. Biotech. 8, 315. 

TABLE 1 
Protein Index 

No.  

1 Name: 
Source: 

2 Name: 
Source: 

3 Name: 
Source: 

4 Name: 
Source: 

5 Name: 
Source: 

6 Name: 
Source: 

7 Name: 
Source: 

8 Name: 
Source: 

9 Name: 
Source: 

Glycoprotein 
Carrots (Daucus carom cv.) cell wall 
Glycoprotein 
Eel (Anguilla japonica) 
Glycoprotein 
Halobacterium salinarium cell envelope 
Glycoprotein (row less than 160K) 
Kidney bean chloroplasts 
Glycoprotein (row 93K) 
Kidney bean chloroplast 
Glycoprotein (mw 38K) 
Kidney bean chloroplasts 
Glycoprotein 
Runner bean 
Glycoprotein 

(Phaseolus coccineus) cell wall 

Phaseolus vulgaris cv. Pinto 
Glycoprotein 
Sponge.tissue (Spongia officinalis) 
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Amino Acid Analyses of  Proteins 491 

TABLE 1 (continued) 

10 Name: 
Source: 

11 Name: 
Source: 

12 Name: 
Source: 

13 Name: 
Source: 

14 Name: 
Source: 

15 Name: 
Source: 

16 Name: 
Source: 

17 Name: 
Source: 

18 Name: 
Source: 

19 Name: 
Source: 

20 Name: 
Source: 

2t Name: 
Source: 

22 Name: 
Source: 

23 Name: 
Source: 

24 Name: 
Source: 

25 Name: 
Source: 

26 Name: 
Source: 

27 Name: 
Source: 

28 Name: 
Source: 

29 Name: 
Source: 

30 Name: 
Source: 

Glycoprotein (massive form) 
Sponge tissue (Suberites massa) 
Glycoprotein 
Plasma membrane (Thermoptasma acidophilum) 
Glycoprotein (P1) 
Tobacco cells (cell line X D-6S) 

Glycoprotein (PII) 
Tobacco cells (cell line X D-6S) 

Glycoprotein (extracellular) 
Tobacco cells (cell line X D-6S) 

Glycoproteln antigen 
Tobacco leaves (N. tobacum) 
Glycoproteln 
Trypanosoma equiperdum Bo Tat-1 

Glycoprotem 
Trypanosoma equiperdum Bo Tat-2 

Glycoprotem 
Trypanosoma equiperdum Bo Tat-78 

Glycoprotem 
Trypanosoma equiperdum Bo Tat-100 

Glycoprotem 
Trypanosoma equiperdum Bo Tat-28 

Glycoprotem 
Surface coat Trypanosoma rhodesiense var. CP3 B4 

Glycoproteln 
Surface coat Trypanosoma rhodesiense var. 10 

Glycoproteln 
Surface coat Trypanosoma rhodesiense var. 12 

Glycoprotem 
Surface coat Trypanosoma rhodesiense var. 13 

Glycoprotein (236K) 
Epstein-Barr virus membrane 

Glycoprotein 
Vesicular stomatitis virus Brazil 

Glycoprotein 
Vesicular stomatitis virus Indiana 

Glycoprotein 
Vesicular stomatitis virus New Jersey 

Glycoprotein g2 
Rous sarcoma virus 

Glycoprotein g2 
Rous sarcoma virus (RAV-1) 

(continued) 
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492 Kirschenbaum 

TABLE 1 (continued) 

31 Name: 
Source: 

32 Name: 
Source: 

33 Name: 
Source: 

34 Name: 
Source: 

35 Name: 
Source: 

36 Name: 
Source: 

37 Name: 
Source: 

38 Name: 
Source: 

39 Name: 
Source: 

40 Name: 
Source: 

41 Name: 
Source: 

42 Name: 
Source: 

43 Name: 
Source: 

44 Name: 
Source: 

45 Name: 
Source: 

46 Name: 
Source: 

47 Name: 
Source: 

48 Name: 
Source: 

49 Name: 
Source: 

50 Name: 
Source: 

51 Name: 
Source: 

Glycoprotein g2 
Rous sarcoma virus (RAV-2) 

Glycoprotein g2 
Rous sarcoma virus (B 77) 

Glycoprotein (sexual inducer) 
Green alga (Volvox carteri str. KA-1) 

Glycoprotein 
Green alga (Volvox carteri) sheath 

Glycoprotein A 
Armadillo (Dasypus novemcinctus mexicanus Peters) 

Glycoprotein B 
Armadillo (Dasypus novemcinctus mexicanus Peters) 

Glycoprotein (U-II) 
Beef heart valve 

Glycoprotein (BR) 
Beef peripheral nerve myelin 

Glycoprotein (PAS-II) 
Beef peripheral nerve myelin 

Glycoprotein 
Beef cervical mucus 

Glycoprotein A 
Beef achilles tendon 

Glycoprotein (LGP- 1) 
Beef synovial fluid 

Glycoprotein (LGP-II) 
Beef synovial fluid 

Glycoprotein (G2B) 
Beef cortical cone 

Glycoprotein I 
Beef nasal cartilage 

Glycoprotem 
Beef bone matrix 

Glycoprotem 
Beef tendon 

Glycoprotem 
Beef bone matrix 

Glycoprotem 
Beef tendon 

Glycoprotem 
Beef erythrocyte membrane 

Glycoprotem 
Beef thymocyte membrane 

(continued) 
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TABLE 1 (continued) 

493 

52 Name: 
Source: 

53 Name: 
Source: 

54 Name: 
Source: 

55 Name: 
Source: 

56 Name: 
Source: 

57 Name: 
Source: 

58 Name: 
Source: 

59 Name: 
Source: 

60 Name: 
Source: 

61 Name: 
Source: 

62 Name: 
Source: 

63 Name: 
Source: 

64 Name: 
Source: 

65 Name: 
Source: 

66 Name: 
Source: 

67 Name: 
Source: 

68 Name: 
Source: 

69 Name: 
Source: 

70 Name: 
Source: 

71 Name: 
Source: 

72 Name: 
Source: 

Glycoproteln 
Beef aortic endothelial cells culture medium 

Glycoproteln (Chromogranins) 
Beef adrenal medulla 

Glycoprotem 
Beef lens capsule 

Glycoprotem 
Beef (calf) tendon 

Glycoproteln 
Beef (calf) cornea 

Glycoprotem 
Beef (calf) cartilage 

Glycoprotem 
Beef (calf) aorta 

Glycoprotem 
Beef (calf) skin 

Glycoprotem (Tamm-Horsfall) 
Beef (calf) Urine 

Glycoprotem (GP- 1) 
Beef (calf) thyroid plasma membrane 

Glycoprotem (GP-2) 
Beef (calf) thyroid plasma membrane 

Glycoproteln (GP-3) 
Beef (calf) thyroid plasma membrane 

Glycoprotem 
Dog tracheal mucus 

Glycoprotem 
Dog tracheal mucus 

Glycoprotem 
Dog tracheal mucus 

Glycoprotem (A) 
Dog rib cartilage 

Glycoprotem (G) 
Dog rib cartilage 

Glycoprotem 
African elephant (Loxodonta africana) thoracic aorta 

Glycoprotein 
African elephant (Loxodonta africana) abdominal aorta 

Glycoprotein (type II) 
Guinea pig testes 

Glycoprotein (type III) 
Guinea pig testes 

(continued) 
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TABLE 1 (continued) 

73 Name: 
Source: 

74 Name: 
Source: 

75 Name: 
Source: 

76 Name: 
Source: 

77 Name: 
Source: 

78 Name: 
Source: 

79 Name: 
Source: 

80 Name: 
Source: 

81 Name: 
Source: 

82 Name: 
Source: 

83 Name: 
Source: 

84 Name: 
Source: 

85 Name: 
Source: 

86 Name: 
Source: 

87 Name: 
Source: 

88 Name: 
Source: 

89 Name: 
Source: 

90 Name: 
Source: 

91 Name: 
Source: 

92 Name: 
Source: 

93 Name: 
Source: 

Glycoprotem 
Hamster sublingual gland 

Glycoprotem (GP- 1) 
Hen's egg vitelline membrane 

Glycoproteln 
Horse erythrocyte membrane 

Glycoprotem 
Horse erythrocyte membrane 

Glycoprotem 
Horse aorta (urea extract) 

Glycoprotem 
Horse aorta (urea extract) 

Glycoprotem 
Human aorta (24 yr old) 

Glycoprotein (BGP-1) 
Human bile 

Glycoprotein (Clb) 
Human bronchial mucus (cystic fibrosis) 

Glycoprotein (Ai) 
Human bronchial mucus (chronic bronchitis) 

Glycoprotem 
Human sputum (chronic bronchitis and asthmatics) 

Glycoprotem 
Human erythrocyte membrane 

Glycoprotem 
Human erythrocyte membrane 

Glycoprotem 
Human erythrocyte membrane 

Glycoprotem 
Human erythrocyte membrane 

Glycoprotem (G P-II) 
Human erythrocyte membrane 

Glycoprotein (G P 140) 
Human fibroblast (cultured) 

Glycoprotein 
Human lung mucosal gel 

Glycoprotein 
Human lung (alveolar proteinosis) secretion 

Glycoprotein A~ 
Human meconium 

Glycoprotein B 
Human meconium 
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Amino  Acid Analyses o f  Proteins 495 

TABLE 1 (continued) 

94 Name: Glycoprotein AB 
Source: Human meconium 

95 Name: Glycoprotein H 
Source: Human meconium 

96 Name: Glycoprotein Le ~ 
Source: Human meconium 

97 Name: Glycoprotein (PAS-0) 
Source: Human milk fat globule membrane 

98 Name: Glycoprotein 
Source: Human ovarian cyst fluid 

99 Name: Glycoprotein 
Source: Human parotid saliva 

100 Name: Glycoprotein 
Source: Human platelet surface 

101 Name: a2SB-Glycoprotein 
Source: Human serum 

102 Name: [32-Glycoprotein-I 
Source: Human serum 

103 Name: Glycoprotein (HPG-1) 
Source: Human placenta 

104 Name: Glycoprotein (HPG-2) 
Source: Human placenta 

105 Name: Glycoprotein (AGP1) 
Source: Human dentine 

106 Name: Glycoprotein (LAG-A3) 
Source: Human dentine 

107 Name: Glycoprotein (high-density fraction) 
Source: Human tracheobronchial secretions 

108 Name: Glycoprotein (low-density fraction) 
Source: Human tracheobronchial secretions 

109 Name: Glycoprotein (Tamm-Horsfall) 
Source: Human urine 

110 Name: Glycoprotein 
Source: Human urine 

111 Name: Glycoprotein (HLA-A9) 
Source: Human urine 

112 Name: Glycoprotein (HLA-B 12) 
Source: Human urine 

113 Name: Glycoprotein 
Source: Cell line SKCO-1 surface protein 

114 Name: Glycoprotein 
Source: Bonnet monkey (Macaca radiata) cervical mucus 
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496 K i r s c h e n b a u m  

TABLE 1 (continued) 

115 Name: 
Source: 

116 Name: 
Source: 

117 Name: 
Source: 

118 Name: 
Source: 

119 Name: 
Source: 

120 Name: 
Source: 

121 Name: 
Source: 

122 Name: 
Source: 

123 Name: 
Source: 

124 Name: 
Source: 

125 Name: 
Source: 

126 Name: 
Source: 

127 Name: 
Source: 

128 Name: 
Source: 

129 Name: 
Source: 

130 Name: 
Source: 

131 Name: 
Source: 

132 Name: 
Source: 

133 Name: 
Source: 

134 Name: 
Source: 

135 Name: 
Source: 

Glycoprotem 
Mouse epithelial basement membrane 

Glycoprotem (VRS) 
Mouse erythrocyte membranes 

Glycoprotem 
TA3 ascites cells (strain A mouse) 

Glycoproteln 
Pig thoracic aorta 

Glycoproteln 
Pig duodenum 

Glycoprotem 
Pig epidermis (ear skin) 

Gtycoproteln 
Pig (Hampshire) erythrocytes. 

Glycoproteln 
Pig small-intestinal mucus 

Glycoproteln (PO) 
Rabbit peripheral nerve 

Glycoprotein (Tamm-Horsfall 
Rabbit urine 

Glycoprotein (GM 50-C) 
Rat brain 

Glycoprotein (Thy- 1) 
Rat brain 

Glycoprotein (rSGP-4) 
Rat erythrocyte membrane 

Glycoprotein (Band l-B) 
Rat inflammation connective tissue 

Glycoprotein (GP 1) 
Wistar rat kidney cortex 

Glycoprotein (GP2) 
Wistar rat kidney cortex 

Glycoprotein (GP3) 
Wistar rat kidney cortex 

Glycoprotein (GPT) 
Wistar rat kidney cortex 

132-Glycoprotein-I 
Rat serum 

Glycoprotein 1 
Rat stomach mucosa 

Glycoprotein 2 
Rat stomach mucosa 
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Amino Acid Analyses of Proteins 497 

TABLE 1 (continued) 

136 Name: 
Source: 

137 Name: 
Source: 

138 Name: 
Source: 

139 Name: 
Source: 

140 Name: 
Source: 

141 Name: 
Source: 

142 Name: 
Source: 

143 Name: 
Source: 

144 Name: 
Source: 

145 Name: 
Source: 

146 Name: 
Source: 

147 Name: 
Source: 

148 Name: 
Source: 

149 Name: 
Source: 

150 Name: 
Source: 

151 Name: 
Source: 

152 Name: 
Source: 

153 Name: 
Source: 

154 Name: 
Source: 

155 Name: 
Source: 

t56 Name: 
Source: 

Glycoproteln (Thy-lL+) 
Rat thymocyte membranes 

Glycoprotem (Thy-1L-) 
Rat thymocyte membranes 

Glycoprotem (MAT-B 1) 
Rat ascites mammary adenocarcinoma cells. 

Glycoprotem (MAT-C 1) 
Rat ascites mammary adenocarcinoma cells 

Glycoproteln 
Sheep hydatid-cyst fluid 

Glycoproteln 
Squid (Sepia officinalis) skin 

Glycoprotein 
Streptococcus A cell membrane 

Glycoprotein 
Plasma membrane AH66 cells 

Hemagglutinin A 
Castor bean 

Hemagglutinin (light chain) 
Influenza virus 

Hemagglutinin (heavy chain) 
Influenza virus 

Hemocyanm (chain e) 
Spider (Eurypelma californicum) 
Hemocyanln (cx chain) 
Tachypleus tridentatus 
Hemocyanln (4 chain) 
Tachypleus tridentatus 
Hemocyanm 
Centipede (Scutigera Iongicornis) hemolymph 

Hemoglobin 
Crustacean (Lepidurus bilobatus) 
Hemoglobin 
Lepidurus lynchi 
Hemoglobin 
Caenestheriella setosa 
Hemoglobulin 
Snapping turtle (Macroclemys temminckii) 
Hemoglobin 
Emydid turtle (Clemmys caspica = Emys caspica) 
Hemoglobin 
American alligator (Alligator mississippiensis) 

(continued) 
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498 K i r s c h e n b a u m  

TABLE 1 (continued) 

157 Name: Hemoglobin 
Source: Common iguana (Iguana iguana) 

158 Name: Hemoglobin 
Source: Water snake (Natrix rhombifera) 

159 Name: Hemoglobin F1 
Source: Hagfish (Eptatretus burgeri) 

160 Name: Hemoglobin F2 
Source: Hagfish (Eptatretus burgeri) 

161 Name: Hemoglobin F3 
Source: Hagfish (Eptatretus burgeri) 

162 Name: Hemoglobin F4 
Source: Hagfish (Eptatretus burgeri) 

163 Name: Hemoglobin 
Source: Garlic worms (Travis foetida) vascular 

164 Name: Hemoglobin 
Source: Garlic worms (Travis foetida) coelomic cell 

165 Name: Hemoglobin 
Source: Deep sea worm (Vestimentifera) 

166 Name: Hemoglobin (A1) [3-chain 
Source: Rabbit 

167 Name: Hemoglobin (A2) [3-chain 
Source: Rabbit 

168 Name: Hemoglobin 
Source: Duck 

169 Name: Hemoglobin 
Source: Mouse 

170 Name: Hemozoin 
Source: Plasmodium lophurae 

171 Name: Hemozoin 
Source: Plasmodium berghei 

172 Name: High-mobility group protein (HMG-1) 
Source: Mouse neuroblastoma cell 

173 Name: High-mobility group protein (HMG 2) 
Source: Mouse neuroblastoma cell 

174 Name: Histaminase (EC 1.4.3.6) 
Source: Pig kidney 

175 Name: Histidine-rich protein 
Source: Human epidermis 

176 Name: Histidine-rich protein 
Source: Guinea-pig skin 

(continued) 
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TABLE 1 (continued) 

177 Name: 
Source: 

178 Name: 
Source: 

179 Name: 
Source: 

180 Name: 
Source: 

181 Name: 
Source: 

182 Name: 
Source: 

183 Name: 
Source: 

184 Name: 
Source: 

185 Name: 
Source: 

186 Name: 
Source: 

Histidine-rich polypeptide 
Malarial parasite (Plasmodium lophurae) 

Histidine-rich protein 
Newborn rat skin 

Hordein polypeptide B 1 
Barley endosperm (Hordeum vulgare) 

Hordein polypeptide C2 
Barley endosperm (Hordeum vulgare) 

Hyaluronic acid 
Human lung washings 

3-Hydroxy-3-methylglutaryl coenzyme A reductase 
Rat liver microsomes 

3-Hydroxy-3-methylglutaryl coenzyme A reductase 
Rat liver microsomes 

Hydroxynitril lyase (EC4.1.2.1U) 
Maloideae communis 

Hydroxyproline-rich protein 
Staphylococcus aureus capsule 

Hypoxanthine/guanine phosphoribosyltransferase (EC 2.4.2.8) 
Human erythrocytes 
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TABLE 2 
Amino Acid Analyses Residues per 1000 Residues 

Amino acid Residues per 1000 residues 

Protein Index No.: 1 2 3 4 

Glycine 120 62 92 133 

Alanine 67 45 64 140 

Valine 42 75 80 108 

Leucine 22 41 51 182 

Isoteucine 16 48 44 85 

Proline 28 92 44 4 

Serine 188 92 105 69 

Threonine 35 183 95 56 

Aspartic acid 57 69 212 6 

Glutamic acid 88 108 120 39 

Half-cystine - -  19 - -  - -  

Methionine 3 15 9 - -  

Lysine 122 56 16 33 

Arginine 10 28 21 - -  

Histidine 56 15 4 tr 4 

Phenylalanine 9 30 17 85 

Tyrosine 36 18 26 4 

Tryptophan . . . .  

Amide ammonia 1 ~ ~ __ 

Ref. No. 1 2 3 4 

5 6 

138 114 

112 66 

41 33 

142 76 

84 52 

37 21 

70 86 

55 45 

3 16 

50 84 

77 43 

9 tr 4 

182 323 

t~ 41 

4 4 

(continued) 
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TABLE 2 (continued) 

Residues per 1000 residues 

7 8 9 

45 80 93 

37 110 87 

44 70 76 

25 100 67 

15 40 56 

70 50 49 

139 70 56 

37 50 67 

5O 60 109 

78 90 97 

- -  - -  13 

- -  10 26 

75 80 37 

14 40 48 

0 20 14 

14 30 45 

9 20 29 

- -  3 0  - -  

_ 5  6 7 

5 6 7 

10 11 12 13 1 4  

90 96 84 81 58 

78 81 141 148 213 

69 75 49 64 55 

76 83 96 33 19 

60 58 21 20 9 

48 11 54 32 53 

57 103 118 120 148 

66 82 73 105 93 

111 112 47 43 33 

101 75 74 60 53 

12 - -  ND I~ ND/~ ND/~ 

23 5 3 2 5 

57 43 29 32 21 

45 39 14 11 ND/~ 

22 14 41 23 tff 

47 50 20 19 ND 1~ 

38 70 17 9 tff 

8 9 I I  1 2  1 3  

7 8 9 9 10 

(continued) 
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TABLE 2 (continued) 

Amino acid Residues per 1000 residues 

Protein Index No.: 15 16 17 18 

Glycine 120 84 78 78 

Alanine 69 154 142 135 

Valine 49 30 33 39 

Leucine 49 105 73 62 

Isoleucine 46 23 35 29 

Proline 73 31 36 30 

Serine 86 72 84 64 

Threonine 48 89 108 110 

Aspartic acid 98 138 102 111 

Glutamic acid 107 101 112 128 

Half-cystine 64 10 18 24 

Methionine 22 - -  4.6 1.8 

Lysine 58 86 86 105 

Arginine 25 29 30 23 

Histidine 23 8.5 21 15 

Phenylalanine 29 20 14 27 

Tyrosine 31 21 24 19 

Tryptophan . . . .  

Amide ammonia 1 4  - -  1 5  - -  - -  1 6  

Ref. No. 11 12 12 12 

19 20 

90 93 

123 148 

35 43 

57 42 

28 34 

55 34 

65 67 

102 107 

125 106 

113 125 

22 25 

3.4 - -  

98 94 

21 27 

25 9.1 

16 27 

23 21 

- -  / 7  

12 12 

(continued) 
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TABLE 2 (continued) 

503  

Residues per 1000 residues 

21 22 23 24 25 26 27 28 

81 75 79 86 73 86 78 88 

135 142 139 140 78 60 59 36 

31 33 31 39 63 73 66 71 

84 85 85 69 94 73 74 65 

32 38 44 35 39 54 70 82 

. . . .  75 48 54 64 

71 86 65 73 72 88 98 81 

84 108 105 95 98 66 65 76 

91 106 102 107 99 99 97 88 

135 93 120 115 110 110 91 99 

14 13 14 26 16 26 25 12 

9 ND l~ ND 1~ ND ~~ 11 15 17 14 

107 108 108 106 49 45 54 65 

33 29 28 28 35 39 35 33 

33 22 35 17 17 25 28 34 

26 38 24 35 38 53 55 53 

36 24 18 31 30 41 36 43 

13 13 13 13 14 15 15 15 

(continued) 
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TABLE 2 (continued) 

Amino acid Residues per 1000 residues 

Protein Index No.: 29 30 31 32 

Glycine 93 86 78 73 

Alanine 52 50 66 66 

Valine 54 51 75 73 

Leucine 83 81 82 88 

Isoleucine 39 41 34 32 

Proline 70 66 55 63 

Serine 85 84 89 95 

Threonine 76 72 68 68 

Aspartic acid 113 95 89 91 

Glutamic acid 117 98 106 109 

Half-cystine - -  35 26 38 

Methionine 13 69 38 25 

Lysine 37 50 59 54 

Arginine 45 55 51 43 

Histidine 28 16 19 18 

Phenylalanine 51 34 39 39 

Tyrosine 45 19 28 27 

Tryptophan . . . .  

Amide ammonia , ~  ~ 9  ___2o 2 ,  

Ref. No. 16 17 17 17 

33 34 

339 180 

62 80 

45 58 

67 43 

29 22 

35 39 

67 80 

79 80 

87 94 

53 36 

12 7 

34 29 

36 29 

4 7 

24 15 

17 22 

18 18 

(continued) 
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TABLE 2 (continued) 

505  

Residues per 1000 residues 

35 36 37 38 39 40 41 42 

144 142 129 101 84 66 57 21 

60 69 55 64 68 92 75 89 

132 94 59 86 80 77 72 16 

3 25 79 75 112 38 83 14 

2 15 39 43 48 14 33 14 

0 23 68 37 20 110 67 246 

19623 1582~ 52 68 102 116 63 50 

35523 24323 44 62 68 233 65 226 

7 50 129 86 66 45 107 36 

99 114 133 84 85 74 122 129 

- -  - -  6 . 6  9 1 0  29 41 - -  

__22 ___,,2 8.7 12 24 9.6 9 2 

1 28 44 87 66 16 71 131 

2 14 50 68 40 35 44 14 

2 2  2 2  26 31 28 10 21 2 

0 1.0 31 36 63 19 38 5 

0 t~ 18 55 37 14 32 5 

0 1.2 - -  2 5  __2~ __ __ __ 

_ _  _ _  2 4  86 133 ____,7 2 ~  2 ~  

19 19 20 22 22 23 24 25 

(continued) 
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TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 43 44 45 46 47 48 

Glycine 54 71 57 110 135 110 

Alanine 77 86 72 69 70 73 

Valine 52 86 74 49 44 41 

Leucine 94 90 91 80 72 75 

Isoleucine 42 42 28 32 29 24 

Proline 40 77 73 67 79 79 

Serine 56 68 63 77 68 62 

Threonine 63 60 59 49 45 37 

Aspartic acid 83 104 108 113 124 126 

Glutamic acid 144 124 129 133 127 145 

Half-cystine 29 21 24 21 21 20 

Methionine 13 3.5 7 13 12 9 

Lysine 100 37 87 42 36 46 

Arginine 49 42 34 43 41 57 

Histidine 25 22 23 28 26 23 

Phenylalanine 40 40 41 36 36 35 

Tyrosine 41 26 33 37 37 37 

Tryptophan . . . . . .  

Amide ammonia 7 o  ...,.._31 3 2  33 ....__33 ....__34 

Ref. No. 37 28 29 30 30 30 

(continued) 
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TABLE 2 (continued) 

507 

Residues per 1000 residues 

49 50 51 52 53 54 55 56 

139 71 300 92 82 131 130 105 

78 65 46 58 90 49 63 70 

52 65 23 50 35 47 56 86 

84 54 33 69 76 61 66 97 

34 46 32 35 9 53 34 47 

54 118 43 63 93 65 141 57 

71 102 115 71 73 65 49 59 

49 121 74 58 24 65 35 54 

107 54 91 158 75 134 82 102 

111 135 107 111 252 131 94 113 

14 9 1 42 - -  - -  19 15 

16 18 - -  12 12 17 5 11 

41 31 47 41 73 46 35 44 

60 69 34 47 62 51 48 60 

25 13 18 24 17 20 16 16 

36 17 20 42 15 33 34 38 

28 13 18 27 12 37 16 17 

34 3 5  . _ 3 6  - -  . 3 Z  3 8  __._.39 ._.....40 

30 31 32 33 34 36 37 37 

(continued) 
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.508 K i r s c h e n b a u m  

TABLE 2 (continued) 

Amino acid Residues per 1000 residues 

Protein Index No.: 57 58 59 60 61 62 

Glycine 125 80 82 91 94 62 

Alanine 102 92 72 68 66 71 

Valine 65 67 67 70 58 93 

Leucine 95 97 92 92 55 79 

lsoleucine 44 55 48 30 16 34 

Proline 44 50 90 25 55 56 

Sefine 56 61 57 77 157 94 

Threonine 55 64 49 68 150 140 

Aspartic acid 91 91 107 103 102 128 

Glutamic acid 102 130 106 98 100 49 

Half-cystine 8 15 l0 79 3 3 

Methionine 11 9.8 17 13 5 9 

Lysine 68 67 59 35 54 37 

Arginine 52 53 52 46 29 56 

Histidine 34 23 17 26 23 14 

Phenylalanine 31 35 35 37 22 47 

Tyrosine 21 17 24 41 11 29 

Tryptophan . . . . . .  

Amide ammonia __4, 42 4 3  44 45 46 

Ref. No. 37 37 37 38 39 39 

(continued) 
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Amino Acid Analyses of  Proteins 

TABLE 2 (continued) 

509  

Residues per 1000 residues 

63 64 65 66 67 68 69 70 

57 80 99 87 98 86 124 160 

116 52 41 87 67 76 105 100 

93 71 90 80 68 69 74 51 

25 84 160 84 94 96 79 74 

19 40 54 30 44 51 47 44 

113 106 80 79 63 54 67 78 

155 140 86 72 56 51 47 46 

123 160 80 72 52 50 47 46 

86 54 98 105 123 104 86 94 

61 96 99 107 116 124 119 121 

1 11 11 59 25 16 10 9 

7 2.9 4.7 6.5 10 14 17 11 

66 28 36 40 50 68 51 50 

22 26 9.0 26 54 54 43 45 

33 17 23 21 21 22 18 19 

17 20 19 32 36 38 36 31 

8 11 8.7 13 26 26 29 21 

4 7  4 8  4 9  5 0  5 1  5 2  5 3  5 3  

39 40 40 40 41 41 42 42 

(continued) 
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510  K i r s c h e n b a u m  

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 

Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Proline 

Serine 

Threonine 

Aspartic acid 

Glutamic acid 

Half-cystine 

Methionine 

Lysine 

Arginine 

Histidine 

Phenylalanine 

Tyrosine 

Tryptophan 

Amide ammonia 

Ref. No. 

71 72 73 

183 74 104 

67 50 85 

31 57 46 

62 80 37 

27 16 21 

102 166 89 

107 80 15956 

76 104 2055~ 

57 52 44 

93 113 96 

40 - -  17 

13 17 - -  

62 46 42 

31 15 24 

6 39 10 

22 46 10 

13 45 10 

5 0 - -  

5 4  _...._55 _ 5 7  

43 43 44 

74 75 76 

30 60 81 

49 111 95 

70 67 64 

87 85 76 

45 41 51 

75 124 109 

60 97 96 

54 109 97 

126 83 80 

108 99 88 

38 9 6.3 

3.6 7 7.8 

22 16 23 

99 47 42 

45 12 12 

60 19 50 

31 14 19 

5 8  5 9  60 

45 31 46 

(continued) 
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Amino Acid Analyses of Proteins 

TABLE 2 (continued) 

511 

Residues per 1000 residues 

77 78 79 80 81 82 83 84 

265 101 97 70 77 82 79 85 

32 90 76 51 98 103 82 81 

82 78 67 55 41 42 50 100 

61 84 88 67 41 45 58 86 

31 46 43 41 22 24 30 47 

92 64 61 64 117 104 130 27 

51 57 65 99 166 158 121 116 

45 59 52 92 299 266 176 90 

192 93 101 117 24 32 73 89 

0 111 125 118 31 47 73 110 

0 25 14 15 t~ 6 11 - -  

0 t~ 18 0 7 - -  1 1.4 

50 60 50 23 20 24 21 51 

36 45 50 22 18 26 43 40 

17 22 21 8 29 25 12 36 

25 35 40 14 6 11 23 25 

20 33 36 31 5 7 17 16 

6 1  6 2  6 3  ~ 6 5  6 6  6 7  6 8  

47 47 48 49 50 50 51 52 

(continued) 
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512 Kirschenbaum 

TABLE 2 (cont inued)  

Residues per 1000 residues 

Pro te in  I n d e x  N o . :  85 86 87 88 89 90 

Glycine 63 55 51 111 134 71 

Alanine 69 63 60 111 59 76 

Valine 82 74 75 69 60 42 

Leucine 82 73 55 83 79 38 

Isoleucine 71 61 67 44 44 17 

Proline 66 65 79 49 69 128 

Serine 105 122 135 63 71 169 

Threonine 103 116 112 61 70 232 

Aspartic acid 56 66 60 90 103 40 

Glutamic acid 95 98 112 106 116 43 

Half-cystine - -  - -  7.0 7.0 25 13 

Methionine 16 12 17 25 11 6.0 

Lysine 47 41 43 56 34 32 

Arginine 56 49 48 44 24 35 

Histidine 39 43 41 21 16 20 

Phenylalanine 24 29 15 38 32 22 

Tyrosine 26 26 25 21 26 16 

Tryptophan - -  670 - -  - -  ND ~~ - -  

Amide ammonia ---'~ 195 7 l  7 2  7 3  7 4  

Ref .  No .  53  54  31 55  5 9  60  

(cont inued)  
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Amino Acid Analyses of Proteins 

TABLE 2 (continued) 

513 

Residues per 1000 residues 

91 92 93 94 95 96 97 98 

149 39 42 41 44 40 122 61 

63 65 74 79 77 67 130 87 

68 42 39 41 41 43 53 64 

92 32 24 24 29 29 37 59 

41 29 23 25 24 25 l0 28 

71 l l9  131 128 126 l l l  120 95 

56 228 230 234 220 249 131 106 

53 320 341 336 328 319 98 161 

98 20 17 19 26 24 64 70 

l l8  36 27 28 34 36 83 87 

15 . . . . .  5 30 

15 . . . . .  8 3 

38 14 10 10 12 9 22 41 

46 10 14 11 14 12 39 34 

22 27 22 20 20 21 38 23 

32 15 6 4 7 - -  17 30 

33 5 0 0 0 3 16 21 

7 6  7 7  7 8  7 9  8 0  8 1  8 2  

61 63 63 63 63 63 64 66 

(continued) 
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5 1 4  K i r s c h e n b a u m  

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 99 100 101 102 103 104 

Glycine 177 29 107 95 102 56 

Alanine 20 14 48 58 113 151 

Valine 19 14 53 49 69 99 

Leucine 20 33 50 57 114 91 

Isoleucine 12 9 33 34 25 8.8 

Proline 269 31 88 90 65 113 

Serine 66 37 91 10l 78 53 

Threonine 15 39 91 7 l 38 67 

Aspartic acid 55 34 91 80 59 82 

Glutamic acid 224 25 127 94 118 126 

Half-cystine 0 ND '~ 21 - -  51 37 

Methionine 0 ND'~ 21 1 l 4.2 - -  

Lysine 5 30 36 86 6.7 44 

Arginine 46 16 53 32 51 13 

Histidine 12 12 28 17 34 12 

Phenylalanine 8 21 22 46 24 36 

Tyrosine 9 9 38 44 30 10 

Tryptophan . . . .  20 1.4 

Amide ammonia 8 3  8 4  8 5  - -  . . _ 8 6  8 7  

Ref. No. 67 70 71 72 73 73 

(continued) 
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Amino Acid Analyses of Proteins 

TABLE 2 (continued) 

515 

Residues per 1000 residues 

105 106 107 108 109 110 111 112 

88 181 91 104 84 34 102 85 

38 107 96 96 68 42 67 56 

32 59 44 55 64 37 55 84 

30 35 52 63 76 68 66 64 

14 19 33 34 25 45 54 65 

65 34 120 87 43 87 55 60 

190 114 127 110 79 29 83 63 

34 49 210 112 76 88 75 88 

244 199 46 72 109 134 88 95 

153 123 63 82 84 174 119 116 

. . . .  84 13 - -  - -  

5 3 3 10 21 2.7 tP 17 

37 38 26 45 27 104 84 59 

27 15 35 43 45 36 54 49 

15 9 26 27 27 11 29 23 

13 9 10 33 31 35 32 34 

14 5 10 28 38 39 31 37 

. . . .  17 12 - -  - -  

8 8  8 9  ~ )  9 1  9 2  9 3  _ _  - -  

74 74 75 75 78 79 80 80 

(continued 
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TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.." 113 114 115 116 117 118 

Glycine 80 87 82 46 175 291 

Alanine 70 89 78 71 101 192 

Valine 55 54 58 29 39 128 

Leucine 76 65 100 - -  31 62 

Isoleucine 39 43 48 21 19 20 

Proline 65 66 57 94 31 126 

Serine 129 120 73 94 137 12 

Threonine 85 220 63 63 113 14 

Aspartic acid 110 53 103 103 143 8.4 

Glutamic acid 96 72 90 52 137 18 

Half-cystine 8.4 19 20 - -  27 17 

Methionine tr 4 - -  8.8 - -  6 1.9 

Lysine 59 27 71 - -  17 11 

Arginine 38 25 44 - -  17 14 

Histidine 25 18 21 - -  5 9.3 

Phenylalanine 29 23 51 - -  2 44 

Tyrosine 35 19 37 - -  2 17 

Tryptophan . . . . . .  

Amide ammonia ~ ~ 5  ~ ~ 7  ~ 

Ref. No. 81 82 83 85 86 47 

(continued) 
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Amino Acid Analyses of Proteins 

TABLE 2 (continued) 

517  

Residues per 1000 residues 

119 120 121 122 123 

85 74 88 56 100 

79 70 99 38 65 

83 69 61 72 89 

108 91 77 43 74 

61 47 54 31 44 

52 63 112 154 46 

64 85 124 104 69 

61 67 76 265 43 

93 99 44 46 89 

82 98 118 42 90 

10 7 8.7 43 16 

31 14 6.0 13 12 

70 55 31 22 90 

38 46 40 22 70 

28 27 14 14 25 

50 44 30 20 39 

6.1 33 14 15 44 

. . . .  ND ~o 

I ~  1 0 1  1 0 2  1 0 3  1 ~  

87 88 46 89 90 

124 

86 

49 

70 

8O 

31 

40 

81 

90 

102 

98 

91 

15 

21 

38 

28 

35 

34 

14 

93 

125 

121 

76 

49 

54 

45 

9.8 

69 

81 

133 

167 

72 

75 

8.1 

4O 

11 

94 

126 

60 

33 

73 

104 

39 

36 

74 

76 

127 

91 

31 

11 

69 

75 

41 

40 

20 

1 0 5  

95 

(continued) 
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51 8 Kirschenbaum 

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 

Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Proline 

Serine 

Threonine 

Aspartic acid 

Glutamic acid 

Half-cystine 

Methionine 

Lysine 

Arginine 

Histidine 

Phenylalanine 

Tyrosine 

Tryptophan 

Amide ammonia 

Ref. No. 

127 128 129 130 

20 244 92 116 

137 72 78 89 

102 54 76 70 

83 22 78 79 

5 I0 56 51 

117 50 54 tr 4 

157 82 69 63 

130 17 72 62 

74 130 95 96 

44 129 89 109 

0 5 tr + tr + 

0 19 20 tr + 

26 16 32 85 

33 10 33 61 

62 4 14 33 

1 22 53 44 

8 51 50 34 

- -  18 1 0 8  1 0 8  

1 0 6  __107 __109 l l 0  

96 97 98 98 

131 132 

42 88 

102 51 

96 68 

104 73 

80 46 

94 22 

39 62 

21 66 

98 142 

132 138 

25 19 

4.9 10 

45 70 

39 44 

20 17 

45 57 

2.1 38 

1 0 8  

__I I I  1 1 2  

98 98 

(continued) 
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A m i n o  Acid Analyses of  Proteins 

TABLE 2 (continued) 

519  

Residues per 1000 residues 

133 134 135 136 137 

79 112 145 49 50 

61 54 61 29 32 

76 47 36 74 74 

55 49 48 112 111 

34 31 27 41 40 

24 35 38 38 30 

62 118 146 71 79 

82 131 154 86 83 

83 95 84 126 130 

100 132 107 91 91 

63 42 12 32 32 

15 7.3 6.9 9 8 

92 58 40 72 70 

15 35 23 75 72 

15 36 31 38 40 

61 21 25 37 38 

49 20 10 20 20 

33 . . . .  

- -  1 1 3  1 1 4  _ _  - -  

99 100 100 95 95 

138 

89 

58 

58 

65 

23 

69 

153 

176 

61 

133 

28 

37 

23 

19 

10 

1 1 5  

101 

139 

89 

57 

62 

60 

23 

72 

161 

175 

58 

134 

7 

22 

35 

22 

16 

8 

1 1 6  

101 

141) 

57 

73 

44 

36 

16 

121 

142 

190 

90 

112 

9 

53 

16 

41 

1 1 7  

102 

(continued) 
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520 Kirschenbaum 

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 141 142 143 144 145 146 

Glycine 85 83 54 73 106 85 

Alanine 67 133 46 71 56 55 

Valine 48 56 39 57 60 60 

Leucine 74 86 52 90 96 89 

Isoleucine 62 60 29 68 60 66 

Proline 50 36 47 62 5 46 

Serine 69 44 69 77 78 92 

Threonine 64 50 69 80 45 72 

Aspartic acid 129 105 71 128 139 117 

Glutamic acid 128 134 79 101 133 113 

Half-cystine - -  15 12 - -  11 15 

Methionine 12 14 13 12 8 5 

Lysine 64 85 38 27 80 58 

Arginine 31 35 25 66 27 43 

Histidine 22 15 13 14 16 20 

Phenylalanine 45 35 24 38 43 33 

Tyrosine 26 16 19 36 36 34 

Tryptophan . . . . . .  

Amide ammonia / ~  __ . ~  __ __ . ~  

Ref. No. 103 104 105 107 108 108 

(continued) 
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A m i n o  A c i d  A n a l y s e s  o f  Proteins 

TABLE 2 (continued) 

521 

Residues per 1000 residues 

147 148 149 150 151 

95 66 63 71 84 

67 50 51 71 114 

52 71 62 54 80 

74 89 95 51 104 

35 58 56 36 35 

42 46 52 58 27 

66 52 TM 57 TM - -  71TM 

50 53 TM 4812~ 70 8812~ 

130 117 123 105 94 

119 108 112 123 97 

- -  1 5  - -  121 13 

30 24 27 42 9 

51 66 52 31 35 

56 50 56 36 48 

42 62 71 54 24 

49 53 49 50 54 

40 31 45 51 23 

- -  - -  - -  1 1  9 

109 110 110 111 112 

152 

74 

124 

85 

122 

40 

24 

67 

63 

109 

104 

1 

8 

43 

49 

33 

44 

10 

8 

113 

153 

70 

114 

94 

120 

36 

34 

44 

54 

124 

105 

1 

8 

59 

35 

41 

52 

13 

8 

113 

154 

100 

59 

89 

130 

14 

5O 

125 

8 

95 

26 

116 

62 

22 

114 

(continued) 
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522 K i r s c h e n b a u m  

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 

Glycine 

Alanine 

Valine 

Leucine 

Isoleucine 

Proline 

Serine 

Threonine 

Aspartic acid 

Glutamic acid 

Half-cystine 

Methionine 

Lysine 

Arginine 

Histidine 

Phenylalanine 

Tyrosine 

Tryptophan 

Amide ammonia 

Ref. No. 

155 156 157 158 

55 63 93 108 

100 114 107 81 

95 92 97 81 

126 101 121 130 

37 22 6 16 

30 6 7 2 

74 72 23 57 

62 8 61 36 

79 77 118 96 

90 96 73 89 

4 18 10 5 

72 83 73 74 

26 43 50 37 

74 108 66 98 

53 77 62 59 

25 26 27 25 

114 114 114 114 

159 160 

30 33 

42 41 

47 47 

93 91 

99 104 

50 44 

9F2o 88~o 

35~2o 35120 

103 107 

124 131 

12 12 

7.8 7.0 

123 124 

16 15 

15 14 

67 68 

27 26 

13 13 

115 115 

(continued) 
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Amino  Acid Analyses o f  Proteins 

TABLE 2 (continued) 

523  

Residues per 1000 residues 

161 162 163 164 165 

34 52 101 67 79 

55 91 112 116 114 

56 82 69 57 76 

114 84 122 109 83 

62 52 28 43 45 

54 40 35 34 39 

8512~ 6612~ 51 38 64 

2112~ 45 '2o 29 45 41 

106 83 108 126 120 

118 106 101/22 67/22 100 

14 8.2 16 9 28 

20 29 19 11 tff 

90 85 67 82 40 

43 53 40 32 59 

12 24 40 52 40 

84 50 55 75 46 

20 34 6 28 19 

14 18 - -  - -  - -  

. . . . .  123 

115 115 116 116 117 

166 

103 

145 

153 

172 

12 

45 

88 

59 

116 

127 

9.0 

111 

31 

97 

84 

32 

1 2 4  

118 

167 

108 

149 

162 

169 

6.6 

43 

89 

5O 

117 

136 

8.8 

108 

31 

99 

84 

23 

1 2 4  

118 

168 

60 

132 

87 

126 

45 

45 

21 

41 

89 

82 

12 

71 

36 

69 

61 

23 

119 

(continued) 
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524 Kirschenbaum 

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 169 170 171 172 173 174 

Glycine 85 68 85 62 75 78 

Alanine 139 81 83 102 102 72 

Valine 87 57 74 25 20 70 

Leucine 97 88 95 22 24 95 

Isoleucine 56 76 54 12 14 40 

Proline 34 44 48 94 97 67 

Serine 69 34 44 53 60 58 

Threonine 41 37 46 24 21 55 

Aspartic acid 103 105 92 112 101 84 

Glutamic acid 53 100 110 173 179 122 

Half-cystine 9.3 - -  11 - -  - -  15 

Methionine 9.3 12 22 24 20 18 

Lysine 81 89 73 191 196 42 

Arginine 23 54 54 39 15 51 

Histidine 71 86 25 13 21 29 

Phenylalanine 46 42 41 31 31 51 

Tyrosine 33 35 31 23 23 41 

Tryptophan . . . . .  12 

Amide ammonia __ / 2 5  ~25 __ __ 126  

Ref. No. 119 119 119 120 120 121 

(continued) 
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Amino Acid Analyses of Proteins 

TABLE 2 (continued) 

525 

Residues per 1000 residues 

175 176 177 178 179 180 181 

168 97 4.6 118 38 12 123 

101 / 2 7  69 84 30 10 66 

18 4 4 26 61 16 75 

16 6 11 37 88 52 29 

12 4 8.3 28 41 37 28 

- -  123 76 52 168 274 61 

60 131 0.2 116 29 21 113 

107 3 2.2 55 18 12 101 

154 i 2 7  21 71 15 12 142 

120 327 60 106 342 411 122 

. . . .  28 9 28 

- -  - -  t f f  11 11 6 11 

13 9 - -  64 10 2 10 

100 ~2~  __ 95 28 17 29 

83 ~ 7  728 72 16 7 19 

6 2 12 22 47 80 19 

43 2 5.9 43 25 25 23 

. . . . . . .  1 2 8  

122 123 124 125 126 126 127 

(continued) 
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5 2 6  K i r s c h e n b a u m  

TABLE 2 (continued) 

Residues per 1000 residues 

Protein Index No.: 182 183 184 185 186 

Glycine 100 81 116 134 40 

Alanine 111 84 58 95 39 

Valine 65 59 17 153 78 

Leucine 101 90 65 73 88 

Isoleucine 50 44 5 28 42 

Proline 54 55 187 tff 35 

Serine 68 70 127 30 49 '2~ 

Threonine 53 50 34 30 51J2o 

Aspartic acid 90 96 91 126 128 

Glutamic acid 113 150 40 119 93 

Half-cystine 7.4 - -  4 - -  17 

Methionine 22 14 103 - -  22 

Lysine 54 66 20 tr 4 81 

Arginine 52 56 14 - -  69 

Histidine 16 21 29 tff 28 

Phenylalanine 16 30 26 tr 4 57 

Tyrosine 27 28 19 - -  53 

Tryptophan . . . .  31 

mmide ammonia __ _ _  1 2 9  1 3 0  - -  

Ref. No. 128 129 130 131 132 

q03 residues of hydroxyproline. 
2Carbohydrate composition expressed as molar ratio to N-acetylgalactosamine:N- 

acetylneuraminic acid, 1.01; galactose plus mannose, 0.14; fucose, trace. 
~Carbohydrate composition as ~mol/100 rag: hexose, 41.7; amino sugar, 8.6. 
4tr = traces. 
s35.3 residues of hydroxyproline. Carbohydrate composition in mol per 100 mol 

monosaccharides: rhamnose, 3.4; arabinose, 46.1; xylose, 1.3; mannose, 0; galactose, 
16.6; glucose, 2.5, galacturonic acid, 30.1. This is the analysis of the chlorite-soluble glyco- 
protein. Analyses for depectinated cell-wall material, insoluble residue after chlorite ex- 
traction, and three DEAE-Sephadex separated fractions can be found in ref. 5, Tables 1 
and 3. 

660 residues of hydroxyproline. Carbohydrate composition in percent: arabinose, 52; 
mannose, 3; galactose, 14; glucose, 31. This is the analysis for the glycoprotein isolated 
from peak I of Sephadex G-200 chromatography. The analyses of other glycoprotein frac- 
tions isolated by other methods of solubilization and extraction can be found in ref. 6, 
Tables 1-5 and 7-8. 
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Amino Acid Analyses of Proteins 527 

~This is the analysis of peak I fraction from Sephadex-G-200. The analyses of peak II 
and peak III material can be found in Table 1 of ref. 7. 

8The analysis of the "digitated" form can be found in Table 1 of ref. 7. 
9Carbohydrate composition as ~mol/mg: mannose, 52.1; glucose, 5.1; galactose, 2.5; 

glucosamine, 1.3. 
~~ = not detected. 
'2118 residues of hydroxyproline. Carbohydrate composition as relative content of 

compound (%): galactose, 41.8; arabinose, 34.5; rhamnose, 4.4; uronic acid, 13.0. 
'2198 residues of hydroxyproline. Carbohydrate composition as relative content of 

component (%): galactose, 40.6; arabinose, 23.2; rhamnose, 7.6; uronic acid, 16.0. 
~238 residues of hydroxyproline. Carbohydrate composition (%): galactose, 41; 

arabinose, 28; rhamnose, 5; uronic acid, 20. 
I40.3% iron. 
15Carbohydrate composition as ~mol/g dry wt: mannose, 222; galactose, 128; glu- 

cose, 11; N-acetylglucosamine, 45. 
16Carbohydrate composition as ~mol/g dry wt: mannose, 230; galactose, 119; glu- 

cose, 33; N-acetylglucosamine, 52. 
zTCarbohydrate composition as ~mol/g dry wt: mannose, 222; galactose, 133; glu- 

cose, 36; N-acetylglucosamine, 44. 
IsCarbohydrate composition as ~mol per mg: glucosamine, 1.36; mannose, 1.20; ga- 

lactose, 0.64; fucose, 0.10; sialic acid, 0.40. 
~gCarbohydrate composition as molar ratios: mannose, 3.00; N-acetylglucosamine, 

3.40; galactose, 1.60; sialic acid, 1.00; fucose, 0.25; glucose, less than 0.1; xylose, less than 
0.1; (total carbohydrate, 40 wt%). 

2~ composition as molar ratios: mannose, 3.00; N-acetylglucosamine, 
3.24; galactose, 1.64; sialic acid, 1.03; fucose, less than 0.4; glucose, 0.4; xylose, 0.3; (total 
carboydrate, 15 wt%). 

aCarbohydrate composition as molar ratios: mannose, 3.00; N-acetylglucosamine, 
3.84; galactose, 1.75; sialic acid, 1.24; fucose, less than 0.4; glucose, 1.5; xylose, 0.3; (total 
carbohydrate, 15 wt%). 

2eNone or traces found. 
2Walues for serine and threonine corrected. 
2q9.7 residues of hydroxyproline and 10.9 residues of hydroxylysine. Carbohydrate 

composition expressed as molar ratios: uronic acid/hexosamine, 0; neutral sugars/ 
hexosamine, 2.16; sialic acid/hexosamine, 0.30. Amino acid analysis of collagenase- 
soluable component of beef heart valve can be found in ref. 21. 

25Carbohydrate composition as mols per 28K(K = 1000): glucosamine, 2.6; man- 
nose, 2.7; fucose, 0.8; galactose, 1.0; sialic acid, 0.8; glucose, trace. 

2~Carbohydrate composition as mols per 13K: glucosamine, 2.1; mannose, 1.5; 
fucose, 0.3; sialic acid, trace; glucose, 0.8. 

27Carbohydrate composition as percent (in Table II of ref. 23 these numbers are 
unnamed): sialic acid, 13.9; amino sugar, 33.2; neutral sugar, 30.6. 

~SLess than one residue of hydroxyproline and zero residues of hydroxylysine. Car- 
bohydrate composition as percent: hexuronic acid, 0.6; glucosamine, 2.8; galactosamine, 
1.7; galactose, 1.9; mannose, 0.6; glucose, 0.4; fucose, 0.3, sialic acid, 0.2; also sulfate, 2.1; 
phosphate, 0. An analysis for glycoprotein B (MgC12 extract) can be found in ref. 24. 

29Carbohydrate composition as percent w/w: mannose, 0.2; galactose, 15.2; 
glucosamine, 0.6; galactosamine, 15.0; N-acetylneuraminic acid, 18.4. Another analysis 
can be found in ref. 26. 

3~ Table 1 of ref. 27, alanine is listed twice. I have assumed that one of these values 
is for valine. Carbohydrate composition as w/w %: glucosamine, 8.0; galactosamine, 0; 
fucose, 0; mannose, 6.6; galactose, 9.5; N-acetylneuraminic acid, 11.9. 

3~Carbohydrate composition as percent: sialic acid, 4; hexosamine, 3; neutral sugar, 
14. 

~2Carbohydrate analyses as g per 100 g: uronic acid, 1.3; total hexosamine, 2.9; 
galactosamine 1.8; total hexose, 2.2; glucose, 0.50; galactose, 0.80; mannose, 0.65; fucose, 
0.23. This glycoprotein was obtained from a tissue homogenate. Analyses for two glyco- 
proteins obtained from magnesium chloride extracts can be found in ref. 29. 
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JJThese are soluble collagenase-resistant fractions. 
~4These are insoluble collagenase-resistant fractions. 
35Carbohydrate composition as ~mols per 100 mg protein: hexoses, 526; mannose, 

13.6; galactose, 492; glucose, 20.9; fucose, 5.4; hexosamines (expressed as N-acetyl deriva- 
tives), 476; glucosamine, 339; galactosamine, 137; sialic acids (expressed as 
N-acetylneuraminic acid); 189. 

36Carbohydrate composition as molYl0,000 g protein: fucose, 2.5; ribose, 5.8; man- 
nose, 6.7; galactose, 9.5; glucose, 8.2; N-acetylglucosamine, 10.9; N-acetylgalactosamine, 
2.0; sialic acid, 5.5. These values are for material prepared using lithium diiodosalicylate 
extract. Analyses for material prepared using 75% ethanol extract can be found in Tables 
V and VI of ref. 32. 

~TCarbohydrate composition as ~,mol/100 mg protein; mannose, 1.22; galactose, 
7.16; fucose, trace, N-acetylglucosamine, 1.25; N-acetylgalactosamine, 5.02; sialic acid, 
9.17. Analyses for two glycoproteins isolated from beef duodenal mucosa can be found in 
ref. 35. 

38Hydroxyproline, 0 residues; hydroxylysine, 0 residues. 
3~Residues per 1000 total residues: allo-hydroxylysine, 21; hydroxylysine, 20; 

4-hydroxyproline, 35. 4.3 g ammonia/100 g dry wt. 
4~ per 1000 total residues: allo-hydroxylysine, 3.8; hydroxylysine, 7.6; 

3-hydroxyproline, traces; 4-hydroxyproline traces. 1.6 g ammonia/100 g dry wt. 
41Residues per 1000 total residues: allo-hydroxylysine, 2.5; hydroxylysine, 3.1; 

3-hydroxyproline, 0; 4-hydroxyproline, traces. 1.5 g ammonia/100 g dry wt. 
42Residues per 1000 total residues: allo-hydroxylysine, 0; hydroxylysine, 0; 

3-hydroxyproline, 0; 4-hydroxyproline, traces. 
43Residues per 1000 total residues: allo-hydroxylysine, traces; hydroxylysine, 1.3; 

3-hydroxyproline, 0; 4-hydroxyproline, 12.3. 1.4 g ammonia/100 g dry wt. 
~Carbohydrate composition as residues per 1000 amino acid residues: fucose, 9, ga- 

lactose, 48; mannose, 46; N-acetylglucosamine, 77; N-acetylgalactosamine, 14; sialic acid, 
29 (gas-liquid chromatography), 22 (Warren method). 

45Carbohydrate composition as mol/mol protein: mannose, 39; galactose, 93; fucose, 
14, glucosamine, 71; galactosamine, 38; sialic acids, 36; (mol wt, 100,000). 

46Carbohydrate composition as mol/mol protein: mannose, 36; galactose, 50; fucose, 
5; glucosamine, 57; galactosamine, 9; sialic acids, 19; (mol wt, 59,000). 

*1Carbohydrate composition as mol/mol protein: mannose, 10; galactose, 30; fucose, 
2; glucosamine, 28; galactosamine, 5; sialic acids, 8; (mol wt, 20,000). 

*sCarbohydrate composition as percent of dry weight: fucose, 14.31; galactose, 
15.71; N-acetylgalactosamine, 30.10; N-acetylglucosamine, 23.49. 

49Carbohydrate composition as percent of dry weight: fucose, 5.75; galactose, 7.73; 
N-acetylgalactosamine, 8.73; N-acetylglucosamine, 8.65. 

s~ composition as percent of dry weight: fucose, 4.77; galactose, 5.99; 
N-acetylgalactosamine, 5.80; N-acetylglucosamine, 11.46. 

51Carbohydrate composition as percent: hexose, 5.1; glucuronate, 3.0; glucosamine, 
1.4; galactosamine, 4.8; sialic acid, 0.5; hydroxyproline, 0.8; hydroxylysine, 0-0.01% dry 
wt. 

52Carbohydrate composition as percent: hexose, 7.1; glucuronate, 1.7; glucosamine, 
0.5; galactosamine, 1.5; sialic acid, 0.4; hydroxyproline, 0.7, hydroxylysine, 0-0.01% dry 
wt. 

53Hydroxyproline is not present and traces (less than 0.2 residues) of isodesmosine 
and desmosine present. 

54Carbohydrate composition as weight percent: galactose, 15.8; mannose, 12.1; 
fucose, 4.0; N-acetylglucosamine, 5.9; N-acetylgalactosamine, 3.7; sialic acid, 0; total, 
43.9. 

55Carbohydrate composition as weight percent: galactose, 12.6; mannose, 3.1; 
fucose, 0; N-acetylglucosamine, 19.8; N-acetylgalactosamine, 14.0; sialic acid, 0; total, 
49.5. 

56Corrected for hydrolytic losses. 
5~Carbohydrate composition as g/100 g dry wt: sialic acid, 39.2; N-acetyl- 

galactosamine, 16.2; galactose, 5.3; fucose, 1.6. 
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58Carbohydrate composition as g/100 g: glucosamine, 2.3; galactosamine, 0.7; sialic 
acid, 1.7; fucose, 0.77; xylose, 0.22; mannose, 1.27; galactose, 1.34; glucose, 0.30. 

59Carbohydrate composition as mg/100 mg protein: hexoses, 17.2; mannose, 0.90; 
galactose, 15.5, glucose, 0.76; fucose, 0.29; hexosamines, 21.2; glucosamine, 2.7; 
galactosamine, 18.5, sialic acids, 28.3. 

6~ composition as g/100 g: carbohydrate, 53.8; fucose, 0.62; mannose, 
0.41; galactose, 8.96; N-acetylgalactosamine, 8.83; N-acetylglucosamine, 1.24; sialic acid, 
33.73 

61This is the analysis of the water soluble fraction. Hydroxylysine, 2.3; hydro- 
xyproline, 0. 

62This is the analysis of the water-insoluble fraction. Hydroxylysine, traces; hydro- 
xyproline, 0. 

63This is the analysis of material obtained from the following treatment: extract with 
NaC1, organic solvents, guanidine HC1, and collagenase. The residue was extracted with 
NaOH and then analyzed. After trypsin treatment analysis was done and can be found in 
Table 5, ref. 48. This same treatment was done to the aortic tissue of a 63-yr old person 
and these analyses can be found in Table 5 of ref. 48. 

64These values are lowest ones cited. A range of values is given for all amino acids in 
Table 2 of ref. 49. Carbohydrate composition as mole percent: fucose, 6-18; mannose, 
24-30; galactose, 25-33; N-acetylglucosamine, 25-31; N-acetylgalactosamine, 0. The 
amino acid results do not add up to 1000 residues. 

~Carbohydrate composition as gram percent: fucose, 8.6; galactose, 28.7; N-acetyl- 
galactosamine, 10.8; N-acetylglucosamine, 25.6; N-acetylneuraminic acid, 3.9; sulfate, 
1.21. An analysis of another bronchial mucus glycoprotein from a cystic fibrotic can be 
found in ref. 50, Tables III and IV. 

66Carbohydrate analysis as gram percent: fucose, 8.9 galactose, 26.0; 
N-acetylgalactosamine, 9.6; N-acetylglucosamine, 23.7; N-acetylneuraminic acid, 1.3; sul- 
fate, 0.8. Analyses of four glycoproteins from bronchial mucus can be found in ref. 50, 
Tables I and II. 

67Carbohydrate composition as grams of anhydro component per 100 grams: fucose, 
8; galactose, 21; N-acetylglucosamine, 22; N-acetylgalactosamine, 9; mannose, 0.6; 
N-acetylneuraminic, 23. Additional analyses of glycoproteins from sputum can be found 
in Tables 3 and 4 of ref. 51. 

68Carbohydrate composition as g/100 g: hexose, 26.4; hexosamine, 25.2; galac- 
tosamine, 14.3; sialic acid, 26.9. 

6~This is the analysis of the aggregated form. Carbohydrate composition as g/100 g: 
neutral sugars, 13.4; acetylhexosamines, 17.3; sialic acid, 22.8; phosphate, 0.4. Neutral 
sugars as percent: fucose, 1.05; mannose, 1.74; galactose, 8.68; glucose, 0.60. Analysis of 
the nonaggregated form can be found in Tables I, II, and III of ref. 53. 

7~ composition as percent of dry weight: sialic acid, 23; hexose, 12; 
glucosamine, 4.5; galactosamine, 9.5. 

71Carbohydrate composition as mg/100 mg protein: mannose, 2.7; galactose, 21.4; 
glucose, 1.8; fucose, 1.7; glucosamine, 9.5; galactosamine, 23.2; sialic acids, 61.4. 

72An analysis of another glycoprotein, GP-III, can be found in Table II, ref. 55. Addi- 
tional analyses of glycoproteins isolated in various ways can be found in refs. 56-58. 

73As residues per thousand: hydroxyproline, 14; hydroxylysine, 9; allo- 
hydroxylysine, 4. 

74Carbohydrate composition as nmol/mg: fucose, 319; N-acetylglucosamine, 448; 
N'-acetylgalactosamine, 461; galactose, 741; N-acetylneuraminic acid, 348; sulfate, 720. 

754-Hydroxyproline, 17.4 residues per 1000 residues. Carbohydrate composition as 
rag/100 mg protein: sialic acid, 3.02; glucosamine, 2.21; hexoses, 6.51; mannose, 2.87; ga- 
lactose, 2.49; fucose, 1.12. Additional analysis can be found in ref. 62. 

76Carbohydrate composition as g/100 g: fucose, 9.9; galactose, 26.4; N-acetyl- 
glucosamine, 16.8; N-acetylgalactosamine, 16.6; neuraminic acid, 0.8; hexosamines, 34.9. 

77Carbohydrate composition as g per 100 g: fucose, 9.3; N-acetylglucosamine, 17.1; 
N-acetylgalactosamine, 13.1; neuraminic acid, 0.8; hexosamines, 30.8. 

zSCarbohydrate composition as g/100 g: fucose, 11.4, galactose, 30.3; N-acetylgluco- 
samine, 15.8; N-acetylgalactosamine, 16.3; neuraminic acid, 0.8; hexosamines, 34.0. 
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79Carbohydrate composition as g/100 g: fucose, 12.2; galactose, 28.4; N-acetylgluco- 
samine, 17.8; N-acetylgalactosamine, 13.1, neuraminic acid, 1.3; hexosamines, 31.7. 

s~ composition as g/100 g: fucose, 4.8; galactose, 30.9; N-acetylgluco- 
samine, 17.9; N-acetylgalactosamine, 13.7; neuraminic acid, 1.3; hexosamines, 33.5. 

81Carbohydrate composition as mg/100 mg protein: fucose, 7.0; galactose, 38.8; man- 
nose, not detected; N-acetylglucosamine, 21.0; N-acetylgalactosamine, 15.9; sialic acid, 
16.9; uronic acid, not detected. Another analysis of a similar glycoprotein can be found in 
ref. 65. Analysis of milk fat globule membrane can be found in refs. 64 and 65. 

82Carbohydrate composition as percent: sialic acid, 6.3; fucose, 10.2; galactose, 26.4; 
N-acetylglucosamine, 11.4; N-acetylgalactosamine, 10.9: An analysis for another glyco- 
protein can be found in ref. 66. 

S3Additional analyses of similar material may be found in refs. 68 and 69. 
84Carbohydrate composition as mol%: mannose, 1.4; fucose, 2.4; galactose, 25; glu- 

cose, 2.6; N-acetylneuraminic acid, 13; glucosamine, 9.2; galactosamine, 8.1. Both sets of 
data, amino acid analysis and carbohydrate analyses, are based on 100 tool% as the sum 
of the amino acid contribution of 35.3 mol% and carbohydrate contribution of 61.7 mol%. 

SSTotal carbohydrate as weight percent of total isolated fraction, 4.10. This glycopro- 
tein has been identified with cold-insoluble globulin (71). 

8611.1% carbohydrates. 
8724.6% carbohydrates. 
ssCarbohydrate composition as percent of total material recovered by analysis: hex- 

ose, 2.05; sialic acid, 4.22; hexosamine, 3.16; phosphorous 1.80. An analysis of another 
anionic glycoprotein (AGP3) can be found in Table 1 of ref. 74. 

89Carbohydrate composition as percent of total material recovered by analysis: hex- 
ose, 14.1; fucose, 5.11; sialic acid, 1.50. Analyses of additional less-acidic glycoproteins 
(LAG) can be found in Table 1 of ref. 74. 

9~ glucosamine and 11% galactosamine by weight. 
9113% glucosamine and 4% galactosamine by weight. Analyses of similar glycopro- 

tein fractions can be found in refs. 76 and 77 which also has analyses for cystic fibrosis 
secretions. 

92Carbohydrate composition as percent of dry weight: hexose, 11.7; fucose, 0.8; 
N-acetylhexosamine, 11.2; sialic acid, 4.4; (ash, 2.3; protein, 67.6). 

9310.5 residues of hydroxyproline. Carbohydrate composition as g/100 g protein: 
fucose, 0.4; mannose, 2.4, galactose, 1.4; glucose, 0.8; glucosamine, 1.8; galactosamine, 
0.5; sialic acid, 5.9. 

94Carbohydrate composition as percent of total carbohydrates: fucose, 6.1; mannose, 
20.5; galactose, 24.8; sialic acid, 18.8; N-acetylglucosamine, 23.6; N-acetylgalactosamine, 
6.3. 

95Carbohydrate composition as percent: L-fucose, 11; D-galactose, 19.0; N-acetyl-D- 
galactosamine, 18.0; N-acetyl-D-glucosamine, 15.0; sialic acid, 10.0; (sulfate, 1.0). 

96Carbohydrate composition as ~g/mg glycoprotein: fucose, 17.40; mannose, 18.00; 
galactose, 20.60; glucose, 10.00; N-acetylglucosamine, 40.30; N-acetylgalactosamine, 
40.30; sialic acids, 1.84. These results are for a 3 d culture of cells. Data for 6, 15, 21, and 30 
d culture can be found in Table II of ref. 83. Additional analyses of similar material can be 
found in ref. 84. 

9TFhis is a partial analysis. 
9SThis is one of several analyses of glycoprotein prepared by different methods. Ad- 

ditional analyses can be found in Table 5 of ref. 86. 
99Hydroxylysine, 4.8; hydroxyproline, 11.1. This is the analysis of one of a number 

of analyses given in Table 7 of ref. 47 of fractions of a urea extract. 
1| composition as percent of dry weight: hexoses, 9.4; fucose, 1.7; 

sialic acid, 2.1; hexosamines, 3.3; uronic acids, 0.9. 
i~ composition as ~g/mg protein: sialic acid, 16.9; hexosamine, 59.3; 

fucose, 6.7; xylose, 45.0; mannose, 38.0; galactose, 38.7; glucose, 16.7. This is the analysis 
for glycoprotein separated with concanavalin A-Sepharose 4B. Analyses for lectin- 
separated glycoprotein and for delipidated plasma membrane can be found in Tables 3 
and 4 of ref. 88. 

Applied Biochemistry and Biotechnology Vol. 9, 1984 



Amino Acid Analyses of Proteins .531 

~~ composition as g/100 g: fucose, 0; mannose, 0.17; galactose, 6.20; 
N-acetylgalactosamine, 7.00; N-acetylglucosamine, 0; sialic acid, 36.25. An analysis for 
glycoprotein isolated from Yorkshire and Duroc pigs can be found in Table II of ref. 46. 

l~ composition as percent of weight of freeze-dried glycoprotein: 
fucose, 4.38; mannose, 0.81; galactose, 12.11; galactosamine, 18.89; glucosamine, 10.35; 
sialic acid, 18.25; (sulfate, 2.6; protein, 17.95). 

~~ composition as weight percent of carbohydrates: galactose, 8.1; 
mannose, 28.9; N-acetylglucosamine, 35.7; sialic acid, 16.6; fucose, 10.6. 

~~ composition as residues per 100 amino acid residues: fucose, 1.8; 
mannose, 11.9; galactose, 1.8; glucose, 0.6; glucosamine, 6.3; galactosamine 1.0; sialic 
acid, 0.2. These results were obtained by gas-liquid chromatography. Similar results ob- 
tained by ion-exchange chromatography and fluorescent method, see Table 2 of ref. 95. 

~~ composition as mol/mol galactosamine: galactosamine, 1; glucos- 
amine, 0.21; galactose, 1.1; mannose, 0.01; fucose, 0.06; N-acetylneuraminic acid, 0.57; 
N-acetyl-O-acetyl-neuraminic acid, 0.57. An analysis of the total sialoglycoprotein frac- 
tion, rSGP, can be found in Table 1, ref. 96. 

l~ 45; hydroxylysine, trace. Carbohydrate composition as 
~mol/100 mg protein: sialic acid, 0.6; galactose, 2.5; glucose, 3.4; mannose, 5.9; xylose, 
1.7; hexosamine, 0.7. 

~~ is described as "crude protein." 
~~ 33.5; hydroxylysine 0.61. Carbohydrate composition as gram 

percent dry weight: hexoses, 9.6; hexosamines, 1.6; fucose, 0.7; sialic acid, traces; glu- 
cose, 1.5. 

~~ traces; hydroxylysine, traces. Carbohydrate composition as 
gram percent dry weight: hexoses, 11.6; hexosamines, 4.6; fucose, 1.6; sialic acid, 2.5; glu- 
cose 1.4. 

~Hydroxyproline, 0; hydroxylysine, traces. Carbohydrate composition as g per- 
cent dry weight: Hexosamines, 2.5; sialic acid, 2.7; glucose, traces. 

n2This glycoprotein was isolated from a trypsin hydrolysate. Hydroxyproline, 0; 
hydroxylysine 0. Carbohydrate composition as gram percent dry weight: hexoses, 4.3; 
hexosamines, 3.4; fucose, 1; sialic acid, 0.7; glucose, 0. 

113Carbohydrate composition as weight percent of freeze-dried material: galactose, 
24.72; fucose, 12.36; glucosamine, 27.38; galactosamine, 6.68; sialic acid, 0.20; (sulfate, 
1.85). An analysis of a glycoprotein-1 isolated from homogenate fraction II can be found 
in Tables I and II of ref. 100. 

~sCarbohydrate composition expressed as mol/1000 amino acids: glucosamine, 255; 
galactosamine, 200; galactose, 424; sialic acid, 134; fucose, 60; mannose, 2; glucose, 108. 

116Carbohydrate composition expressed as mol/1000 amino acids: glucosamine, 275; 
galactosamine, 245; galactose, 348; sialic acid, 380; fucose, 51; mannose, 5; glucose 125. 

~zCarbohydrate composition as ~mol/100 p, mol total monosaccharide: fucose, 0.4; 
glucosamine, 29.5; galactosamine, 2.5. Analyses of additional glycoprotein fractions can 
be found in Tables 2 of ref. 102. 

l~SThe amino acid analysis is based on 100 residues of amino acids plus carbohy- 
drates. Carbohydrate composition as residues per 100 residues of amino acids and carbo- 
hydrates: glucosamine, 6.73; galactosamine, 5.05; mannose, 2.30; galactose, 10.26; 
fucose, 0.46; sialic acid, 5.26. See also ref. 106. 

~gCarbohydrate composition as percent: glucosamine, 7.6, fucose, 1.1; mannose, 
4.8; galactose, 1.5. 

~2~ extrapolated to zero time. 
R21Reported as-2.46 mol% cystine. 
~22These values are listed as "Gly" residues, but from the position in the list I have 

assumed that they are values for glutamic acid. 
~23Tryptophan is present. This is the analysis for fraction I. An analysis for fraction II 

can be found in Table 2 of ref. 117. 
~24These are the values obtained for a 22-h hydrolysate. Values for a 72-h 

hydrolysate can be found in Table 7 of ref. 118. 
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125This is the analysis of one sample. An analysis of a second sample can be found in 
Table 1 of ref. 119. 

126Carbohydrate composition as mol% of amino acid residues: galactose, 0.4; man- 
nose, 1.0; fucose, 0.2; N-acetylglucosamine, 1.4; N-acetylneuraminic acid, 0.1. 

127Aspartic acid plus alanine, 84; histidine plus urocanic acid, 54; arginine plus orni- 
thine plus citrulline, 153. 

~28Hydroxyproline, 0. 
~2~These are the data for isozyme 1. In Table 5 of ref. 130 can be found the analysis of 

isozyme 2. 
~3~ 242. 
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