APPENDIX

NOMENCLATURE OF NUTRITIONAL TYPES
OF MICROORGANISMS

Many designations have been proposed for the
delineation of groups of microorganisms on the
basis of nutritional requirements. Various authors
have defined such terms in different ways. This is
confusing, and leads to misinterpretation when a
term is used without reference or redefinition.

It has been felt that an international agreement
in regard to terms and definitions is desirable. The
following terminology is hereby proposed to char-
acterize nutritional types. The segregation of these
types is based on their minimal requirements for
growth. Certain terms previously used have been
redefined, and new ones introduced.

I. Nomenclature based upon energy sources.
A, PHOTOTROPHY
Energy chiefly provided by photochemi-
cal reaction,
1. Photolithotrophy
Growth dependent upon exogenous
inorganic H-donors.
2. Photoorganotrophy
Growth dependent upon exogenous
organic H-donors.
B. CHEMOTROPHY
Energy provided entirely by dark chemi-
cal reaction.
1. Chemolithotrophy
Growth dependent upon oxidation of
exogenous inorganic substances.
2. Chemoorganotrophy
Growth dependent upon oxidation or
fermentation of exogenous organic
substances.
C. PARATROPHY
Energy apparently provided by the host
L

1. Schizomycetotrophy
Growth only in bacterial cells.
2. Phytotrophy
Growth only in plant cells.
3. Zootrophy
Growth only in animal cells.
II. Nomenclature based upon ability to synthe-
size essential metabolites.
A. AurtoTtrOPHY
All essential metabolites are synthe-
sized.
1. Autotrophy sensu stricto
Ability to reduce oxidized inorganic
nutrients.
2. Mesotrophy
Inability to reduce one or more oxi-

dized inorganic nutrients = need
for one or more reduced inorganic
nutrients,

B. HETEROTROPHY
Not all essential metabolites are synthe-
sized = need for exogenous supply of
one or more essential metabolites
(growth factors or vitamins).
C. HyroTrROPHY
The self-reproducing units (bacterio-
phages, viruses, genes, and so on)
multiply by reorganization of complex
structures of the host.

Composite names are used for the concise char-
acterization of a nutritional type with respect to
the chief energy source as well as to the capacity
for the synthesis of all essential cell constituents.

Examples:

Photolithoautotrophic—Chlorella vulgaris.
Chemoorganoheterotrophic—Phycomyces

cel blakesleeanus.
Autotrophy
Heterotrophy Hypotrophy
Autotrophy S.S. Mesotrophy
Photolithotrophy Chlorella vulgaris Rhodopseudomonas palustris
Phototrophy Photoorganotrophy Rhodospirillum rubrum
Chemotroph Chemolithotrophy Thiobacillus denitrificans
phy Chemoorganotrophy | Pseudomonas fluorescens| Escherichia coli | Saccharomyces cerevisiae
Schizomycetotrophy Bacteriophages?
Paratrophy Phytotrophy Plant viruses?
Zootrophy Animal viruses?
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The above proposal developed as the result of
discussions during the eleventh Cold Spring Har-
bor Symposium and was elaborated by A. Lwoff,
C. B. van Niel, F. J. Ryan, and E. L. Tatum. It
was submitted to O. T. Avery, H. A. Barker, A. C.
Braun, F. M. Burnet, R. Dubos, Sir Paul Fildes,
N. Fries, C. Fromageot, P. H. H. Gray, A. Im-
senecki, B. Issatchenko, H. L. Jensen, G. W. Kid-

der, A. J. Kluyver, B. C. J. G. Knight, A. G. Loch-
head, J. Monod, J. H. Mueller, R. Nilsson, S. Orla-
Jensen, W. H. Peterson, A. Pijper, E. G. Prings-
heim, L. Provasoli, W. J. Robbins, W. Schopfer,
Jan Smit, Santos Soriano, Marjorie Stephenson, A.
1. Virtanen, Sergei Winogradsky. Their comments
or suggestions will be summarized in a later publica-
tion.



INDEX TO VOLUME XI

Figures in parentheses indicate the number of the bibliographic
reference, where an author’s name does not appear in the text.

ABDERHALDEN, E., 262

Acetobacter melanogenum, 25, 278-281

adaptation, nutritional mutants, 215-227

adaptin, 270

agglutination, bacteria, 51, 60-66, 178-183

agglutinins, in pneumococcal transformation, 178-
1

v. ALBERTINT, A, 213
ALren, R.F,, 92
ALTENBURG, E. J., 24, 31, 110-112, 253-254
amino acid, activation of phages, 3-5
synthesis in bacteria, 133-136
synthesis in Neurospora, 18-21, 215-225
anaphragmic mutation, bacteria, 139-149, 154-155
anaplasia, malignant cells, 102
ANDERSEN, A. A., 224 (37, 38)
AnpErsoN, E. G., 202, 203
AnpEerson, E. H., 38, 130(1, 2), 133, 150-152, 154,
278
AnpEerson, T. F., 2(35, 32, 34), 3(2, 14, 34), 4(3,4),
6(1), 7(21, 36), 10(55), 11(55), 67(22), 83,
134, 255
AnpErvONT, H. B., 104(1)
Anprewss, C. H., 105 (2), 192
AnprREws, F, W., 61(1), 64(1)
Anprews, H. N., 194(7)
antibacterial agents, 130-138
antigenic properties, bacteria, 60-66
cancer, 95-102
Antirrhinum, 202
Aqurrontus, L., 122, 126
ARKWRIGHT, J. A,, 62(2, 3, 4), 63(5)
AscoLy, A, 105
AsaworTH, D., 86 (2)
Aspergillus terreus, 78, 80-84
nidulans, niger, oryzae, 194-198
Atkin, L., 262, 265
AvuErsacsg, C., 15, 49
AUDUREAU, A., 130, 139 (23-26), 140-141, 146-147,
278
AvcusTiNg, D. L., 106
autonomy, malignant cells, 102
autotrophy, 302
Avery, A. T., 11(35), 58(14, 15), 62(6), 67(1),
75(1), 102, 105, 107(5, 77, 78), 130(4), 177-
183, 177(2, 9, 10), 181(2,9), 269, 274, 276

B. megatherium, 189

B. proteus, 53-54, 56-58

B. typhosum, 282

B. subtilis, 281, 283

Basgs, V., 120

back-mutation, 216-227

bacteria, anaphragmic mutation, 139-145
antigenic properties, 60-66

biochemistry, pneumococcus, 177-183
classification, 285-301
color inheritance, 25-32
effect of radiation, 38-50
effect of ultraviolet, 84
evolution, 152
growth, kinetics of, 228-235
immunochemical study, 60-66
killing effect, radiation, 45-47
large bodies, 51-58
metabolism of ternary compounds, 65-66, 139-
150
mutations, 25-32, 38-50, 60-66, 113-114, 130-155,
228-235, 278-284
phase variation, 61-62
reproductive processes, 51-58
resistance to antibacterial agents, 38-50, 114, 130-
138, 150-151
respiration, 139
sexual phase, 283-284
transformation, pneumococcus, 177-183
bacterial dissociation, 62
bacterial virus, see bacteriophage
bacteriophage, amino acid activation, 3-6
chemistry of, 1-13
induced mutation, 33-37
lysis inhibition, 33-37, 69-77
morphology of, 1-13
mutual exclusion, 33-37
plaque type mutations, 33-37, 67-77
rapid lysis mutation, 33-37, 68-77
resistance to, 38-50, 114, 130-135, 150-152
spontaneous mutation, 67-77
Bacteroides, reproduction of, 53-54
Bamrey, W. T, 33-37
BAkEr, Z., 30(1)
BALLENTINE, R., 215, 222(22)
Bang, O., 104 (31,32)
Barnes, W. A, 156(1)
Baumann, C. A, 25(15)
Baur, E,, 202, 204
Bawpen, F. C., 9(6), 67(2), 71(2), 74(2), 184(3,
6), 185(1, 4, 6), 186(2), 187(8), 188(4, 5-8)
Beaorg, G. W., 14(3, 4, 6, 21), 15(6), 16(5, 9),
18(2, 10, 21, 43), 20(3, 4, 46), 21, 21(4), 25,
67(3), 80(2), 149, 193, 195, 196(1), 198
218(1), 221(2, 4, 34)
bean mosaic, virus, 10
Bearp, D., 8(46, 47, 59)
Bearp, J. W, 7(49), 8(46-48, 59), 186
BeckwirH, T. D., 61(34)
Beryerinck, M. W.,, 60, 149, 290-291
BeL, T. T., 17(44)
BENECKE, W., 297
Benw~ETT, A. H,, 208-209, 211, 213

’

[ 305 ]



306 INDEX TO VOLUME XI

BerenBLUM, 1., 104(6)

BERGEY’s MANUAL, 291, 293-296

Berg, C. P, 4,5

BERNAL I D. ,9(7), 10, 11(7), 187(10)

BErry, G.P. 67(4) 75( )

BIEBL, R., 207(4)

biochemistry, bacteria, 139-155, 177-183, 224, 278-
284

Neurospora, 14-24, 215-227

biochemical mutations, 14-24, 139-155, 196, 215-
227, 278-284

BITTNER, J. J., 104(7, 8, 41)

BonNER, D., 14-24, 14(21), 16(7,9), 17(19), 18(8,
10, 21), 19(7), 20(45, 46), 145, 221(4),
225(3), 278(5), 282, 282(5, 6)

Bomvin, A., 130(5), 152,177(3)

BorNSTEIN, S., 61(8)

BossuarD, E., 208

Bovarnick, M., 171(7), 173(7)

BovcorT, A, E,, 104(9)

BracHET, J., 274

Branp, E., 215, 215(5, 6, 24)

Branprt, K., 120,122, 268(2)

BRATUSCHECK K 208

Braun, W. 63(9) 125, 137(6)

BRAUNSTEIN A E. 19(11)

BreEp, R. S., 290, 290(4)

Bricg, A. T., 208

Briercey, W. B., 64(10,11)

BRONFENBRENNER, J., 67(15, 16, 17)

Bronson, L. H., 67(24)

Brown, A. M., 87(40), 88(25, 41), 89(25),
90(24), 91, 92(3)

Brown, T. McP,, 51(1), 52(1)

Brown-Pearce rabbit carcinoma, 94-101, 106-108

Brucella abortus, 63

Brugs, A. M,, 103(10)

Bruner, D. W, 61(12, 13), 62(17)

Bryan, W. R,, 105(11)

Bucuanan, R.E | 291(5, 6)

BuLier, A. H. R, 198(13)

Buntine, M. 1, 25-32, 26(3), 27(4), 28(6), 29(5),
228, 230, 232,233

Burcs, C. R, 208

Burk, D., 265

BURKHOLDER, P. R., 280

Burnet, F. M., 7(8), 68(5), 74(6), 104(13),
130(7), 150

bushy stunt virus, 10, 187, 284

ButenanDT, A, 10-11

C. carotenum, 25
C. diphtheriae, 120, 136, 300-301
cancer, causation, 94-112
transplantation, 174-176
carcinoma, 94-112
Carr, J. G,, 49,192,198
CaspEersson, T., 96(14), 104, 120, 122, 126, 268

CasseLL, R. C., 85(47)

CraIN, E., 104(76)

CuamBERs, L. A,
106(48)

CHasg, M,, 176

chemolithotrophy, 302

chemoorganotrophy, 302

chemotrophy, 302

Cuen, T.T., 254

CHESTER, K. S., 184

chlorophyll variegation, 202-207

chromosomes, yeast, 119-120

classification, bacteria, 285-301

nutritional types, 302

Craupg, A, 6(12, 39), 94(15-20), 96(15-18),
104(15-19, 21), 105, 105(50), 107(19, 50),
188, 192

Cuirron, C. E,, 146(10)

Clostridium septicum, 222-225

Co, sensitivity, Drosophila, 252

CosLENZ, W. W,, 80(3)

cofactor, bacteria, 183

virus, 3-5

Cocuirr, R. D., 78(11), 80(11, 17)

CoxEN, S. S., 3(14), 8(13), 10, 190-192, 274, 276

Conn, F., 286-288, 290-291, 293-294

Conn, W. E. 103(10)

Coleosporium Solidaginis, 85

Colon bacillus, see E. coli

color inheritance, bacteria, 25-32

Corowick, S. P., 180, 183

Cooke, W. R., 224(14)

Coonrapt, V. L., 16(5), 193, 195, 196(1), 198,
218(1)

Corr, C. F., 268(3)

Cory, G. T, 268(3)

Correns, C., 202-204

CotTER, R. U., 90(5, 28, 29, 49), 91, 91(49),
92(50)

Cowpry, E. V., 104(22)

Cowtes, P. B, 30

Cox, M. F,, 224(14)

Cralcrg, J. H, 86

CroLAND, R., 45(2), 278(7)

Curnen, E. C,, 8,185

Curran, H. R, 83

CusnHing, H., 103(23)

cytogene theory, 115-129

cytoplasmic genetic factors, 236-255

cytoplasmic inheritance, 89

7(36), 8(10, 11), 94(48),

Dabpy, G, 26

Darg, H., 106

DaruingTON, C. D., 11(16), 107(25), 249, 254,
272-273

Das, N. B., 19(14)

Dauermodifikationen, 246, 253

Davis, B. D, 31



INDEX TO YOLUME XI 307

Dawson, M. H., 51(2), 63(14),177

DE Bary, A, 289(8)

Debrick, H. M., 67(4),75(4)

pE Haan, H,,

DELAUNAY A 130(5) 177(3)

DELBRUCK M. , 2(5, 17, 34), 3(34), 6(33), 22-23,
33(2, 3, 6), 34(1), 35(2), 37(2, 3, 6), 47
67(22), 68, 72,114(2), 130, 130(18), 131-132,
132(18), 133(8), 149-150, 154, 189, 189(14,
15, 22), 200, 223, 223(17), 228, 229, 233, 234,
278(24)

Deskowirz, M., W., 63(15), 228, 229, 231

DemEerec, M., 2, 2(5), 3, 38-50, 38(4, 8), 39(4),
40(4), 42(4), 48, 67(10), 68(10), 130(9, 11),
131(9, 11), 132(10), 133(11), 134(11), 136
(9), 199(2), 200, 202, 203, 223(8, 9), 278
(8), 279

D’HERELLEN, 3

dicarboxylic acid mutation, bacteria, 139-140

Dickens, F., 102(26), 104(26)

DiENES, L 51- 59, 51(3), 53(3, 4, 5, 7, 8), 54(5),
55(3) 64(16), 283

diffraction plates, 210

DinGLE, J. H., 8(59)

DinNErr, F., 262

diphtheria bacillus, 120, 136, 300-301

DrpreLL, R, V., 236, 237(14)

DiskanT, E. M., 215(5)

dissociation, bacterial, 62-64

Dixon, T. F., 107(27)

Dmocuowski, L., 106

Dochez, A. R, 105, 185

Donce, B. 0., 78(5), 86(11, 12), 193, 195(3),
198(3)

DoerMaNN, A. H.,, 20(12, 13), 68, 76-77

D’OLIVEIRA, B., 88(43), 91

Doupororr, M., 118, 126, 153, 278(10)

Dorjanskr, L., 103(49)

DrosorHILA, 15, 49, 83-84, 154-155, 252, 280

Dusin, I N,, 211

Dugos, R. J., 60-66

DuBuy, H. G, 107(110), 206

Durrer, N, D, 120

Ducear, B. M., 83

Dunn, R, 266(26)

pU VIGNEAUD, V., 5, 126, 265

East, E. M, 203

Eberthella typhi, 145

Epwarps, P. R, 61(12, 13), 62(17)

E1sENBERG, P., 26

ELLERMANN, V., 104(30-32)

Emerson, S, 149, 221(10)

Emwmons, C. W., 38(7), 39(7), 44(7), 78-84, 78(6,
7,10), 79(8)

encephalomyelitis virus, 8

ENDERLEIN, G., 299(9)

Endophyllum, 86

enzymatic adaptation, 148-149, 256-258

duplication, 259-261
formation, 258-259, 261
enzymes, effect on virus, 187-189
effect of mutation on, 14-24, 148-149
factors controlling, 256-277
Epnrussy, B., 127-128, 252
Eriksson, J., 85
Escherichia coli, 2-4, 38-50, 53-54, 68-77, 83, 113-
114, 131-137, 143-148, 150-153, 177, 200, 224-
225,227,278-284
typkosa, 61, 63
v. EuLER, H,, 19(14)
Evans, F. R, 83
evolution, virus, 110-111

FanxucHEN, L, 9(7), 10, 11(7), 187(10)
Fano, U, 2, 3, 67(10), 68(10), 130(11), 131(11),
133(11), 134(11), 149
Farr, W. K., 209
FeLx, A, 62(18)
FELLER, A E., 8(59)
FiLpEs, P., 282
Finoray, G. M., 67(11), 74(11)
FinprLEY, M. D., 170
FirrscH, G., 60(19)
FiscHER, A., 289(10)
Frrzcerarp, R. J., 134, 189
Flavobacterium, 53
Fror, W, H., 89(14)
Focur, E., 39
FosTER, J. W., 17(39), 20(39)
Fouws L, 102 104(33, 34), 107, 192
Fowrer, E. H., 106, 209(10), 209, 212
FREUND J, 95
FRIEDEWALD W. F., 94(36), 97(36, 58), 98(58),
101(36) 104(58),106(36 58)
Fries, N., 278(12), 282(12)
FREY, C. N., 262,265
Furiam, E. F,, 6(12, 39)
fungi, genetics of, 85-93, 193-201
heterocaryosis, 193-201
life cycle, rust, 86
mutation in, 14-24, 78-84, 215-227
speciation, 78-84
variation, 85-93
Furth, J., 94(37), 104(52), 106(37), 156(1),
157(2)

Gaiser, L, O., 86(12)

galactose fermentatmn, inheritance of, 115-117, 143-
148

Ganz, E., 213

GARBOWSKI L.,90(15), 91

Garp, S., 9, 61(20) 187 188(17)

GASIC G 166 170

GASSNER G 91

GATES, F. L., 39(5)

Gavy, H., 83

GELBER, J., 246(1)



308 INDEX TO VOLUME X1

GeEMMELL, A, R, 193, 195(9), 197(8)
gene
action, theory of, 270-273
bacteria, 278-284
control of enzymes, 256-270
Neurospora, 14-24, 215-227
Paramecium, 247-248
structure of, 247-248
yeast, 256-277
gene-induced plastid mutations, 204-206
GENEVRAY, J., 25(15)
GencGHOF, D. S, 61(21)
GiLes, N. H., 280
GiLMAN, A, 15
GLaser, R. W, 9, 94(38)
Grass, H. B,, 154
Glomeralla cingulata, 128
Gorpwater, W. H., 215(6)
GooppPASTURE, E. W., 188(28)
Goobspeep, T. H., 207
Gorpoon, W. G., 4, 5
Gorer, P. A, 106, 176
Gossop, G. H., 195(4), 197(4)
Gowen, J. W., 46, 74(12)
GRrATIA, A., 68(13)
Gray, C. H,, 25(10), 30(10), 151, 224(11), 278-
280, 282(14)
GreeN, R. G., 104(41), 106
GreeN, R, H., 7(21), 67(24)
GREENSTEIN, J. P., 102 (42), 104(42)
Grecory, R. P, 202
GreGory, P. H., 199
GriFrITH, F., 63(22), 177
Grourg, V., 94(48), 106(48)
growth, bacteria, 228-235
growth-factor mutations, bacteria, 150-152, 154
GUILLIERMOND, A., 107(43), 120
Gurick, A., 21(16)
GUNTHER, G., 19(14)
Gye, W. E., 104(44), 105(43)

H.influenzae, 51, 53, 55

H. parainfluenzae, 53

HABERMAN, S., 25(11)

Happow, A., 107(48)

HabLEY, P., 62(23-25), 63(26)

Hacg, D., 63(27)

Hawpang, J. B. S, 14(17), 20(17), 21(17),
103 (46)

Hansen, H. N., 193, 195(6)

Hanson, H. J., 78(16)

Harris, D. L., 17

Harnris, ]. S., 278(20)

Harrison, J. A, 106, 209, 212

Harrison, R. W, 30(1)

Hucon pE Scoeux, M., 252

Hawking, F., 138

HEeatLEY, N. G., 104(6)

Hepcecock, L., 149(41), 256(29)

HerrErAN, M., 25(12)

Hengrg, E. J., 61(21, 35)

Herman, F, R, 51(9), 53

Herg, T. S, 284

HenLE, G., 189(18)

Henie, W, 8, 8(10, 11), 94 (48),106(48), 189(18)

HENNENBERG, W, 122

Henricr, A. T, 228

HensevEiT, K., 19(23)

HersHEY, A. D., 33-37, 67-77, 67(15, 16), 68(14),
69(14), 71(14), 72(14), 74(14), 113, 134, 200

heterocaryosis, 193-201

heterotrophy, 302

HinsueLwoon, C. N., 130(13), 135(13)

Hirst, G. K., 7(24), 189

Hossy, G. L., 51(2)

HorEer, A. W, 209, 212

Horrman, R. S., 103(49)

HocesooM, G. H., 105(50), 107(50)

HorLAenDER, A., 38(7, 8), 39(7), 44(7), 78-84,
78(7, 10, 11, 13), 79(8), 80(11, 13, 17),
82(9), 83,83(9,12), 279

Hoox, A. E., 7(49)

Horowirz, N. H., 14(21), 15, 17(18, 19), 18(21),
19, 221(30), 227, 280, 282(17), 289, 289(11),
290

Horsrarr, F. L., 8, 185, 189(29)

Hotcuxiss, R. D., 105(50), 107(50)

Houranan, M. B, 15(20), 17, 17(19), 18(27),
20(27, 28), 280(17), 282(17)

Hovig, L., 106

Hrusy, K., 207(14)

Hunearte, F. P., 20(22)

Hun~catg, M., 15(20), 280(17), 282, 282(17)

Hursr, C. C., 286

hypotrophy, 302

Imar, Y., 202 (18), 205, 206
immunochemistry of bacteria, 60-66
IMSENECKI, A., 299(13)

influenza virus, 8, 185-187, 191
INGrAHAM, L. J., 28(6)

IncrAHAM, M., 25(13, 14)

Jackson, H. S, 90

Jackson, R.W. 4,5

Jacossen, H. C., 291

JAEGER, L., 119

Jarrg, E., 61(35)

jaundice, silkworm, 8

JennINGs, H. S., 246(2)

Jounsox, T., 85-93, 85(22), 87(20, 40), 88(20, 25,
41), 89(21, 25, 34, 35), 90(19, 37), 91(23,
34,36, 38, 39)

Jounsrton, C. 0., 91

Joriros, V., 246, 246(3), 253

Jones, M. J., 282(21)

Jones, R. P., 208(5)



INDEX TO VOLUME XI 309

JuLiANELLE, L. A., 63(28, 29)
Juenick, H., 208, 209(2), 211(2)

Kabar, E. A, 94(37), 104(52), 106(37)

KaHLER, H., 105(11)

KaLmansoN, G., 67(17)

KamMmeN, M. D., 266(24, 26), 267(25)

kappa factor, Paramecium, 236-255

KaRrPER, R. E,, 202

KarstrOM, H., 146, 256

KasseLy, B., 215(6)

Kaurmann, B. P, 83, 84

KaurMmanny, F., 61(30)

KauscHg, G. H., 7, 74(19)

Kimop, J. G., 94-112, 94(36, 53-55, 76), 96(54),
97(36, 58, 76), 98(54, 57, 58), 99(54, 55, 57,
76), 101(36, 60, 76), 103(93), 104(58, 76),
105(56, 57, 59, 60, 76, 91, 92), 106(36, 54, 55,
56, 58), 107(57), 137-138, 174-176, 188, 192

Killer character, Paramecium, 93, 236-255

Kimura, F., 67(16)

KLECZKOWSKI, A., 185(1)

KLIENEBERGER, E,, 51, 52

Kruvver, A. J., 290, 293, 294, 297, 299(16)

KnNaysi, G, 211

Knicur, B. C. J. G, 130(14), 215, 224(12),
225(12,) 278

Knicur, C. A, 8, 8(27), 9(57), 11, 11(26), 185

Knupson, L., 207

KOHLER, A., 208

Konn, H. 1., 278(20)

Korrer, P, C.,, 104

KorTwEG, R. 104(62, 63)

KOSER, S. A., 152, 224(13)

KostERr, H., 228, 229

Kortmann, V., 1, 3

KrassiLnikov, N, A., 299(17)

Kress, H. A, 19(23)

KrREMIENIEWSKA, H., 299(18, 19)

KrIsTENSEN, M., 132, 145

Krirzmann, M. G,, 19(11)

Kunkelia nitens, 86

KUsTER, E., 207

KYNETTE, A., 105(105)

L-type Streptobacillis, 51-58

Lactobacillus arabinosus, 224-225

lactose mutation, bacteria, 146-148

Laorow, P. P, 104(64)

Lams, I. M., 89

LameeN, J. O., 224, 282(21)

Lanceriewp, R, C., 62(31), 183(7)

Lanxkrorp, C. E., 224(14)

large bodies, bacteria, 51-58, 65-66

LatarJET, R., 38-50, 47(9), 74, 77, 78, 84, 200, 254
LAUFrFER, M. A, 8(10, 11, 29)

Lavstsen, 0., 256, 257

Lavin, G. 1., 189(29)

LEDERBERG, J., 113-114, 113(4, 5), 199, 200, 215,

216(25), 217, 218(25), 218, 221(25), 226,
227,278, 280, 284

Leg, M. E,, 134(12), 189

Lecroux, R., 25(15)

Lenourr, Y., 130(5), 152,177(3)

Leon1an, L. H,, 221(40), 224(15, 16)

leukemia, 156-176

LeviNg, M. N., 87(48), 90, 90(49), 91(6, 49),
92(50)

Lewss, 1. M,, 132, 146

Lews, W. H., 104 (66, 67)

L’HEer1iTIER, P., 107(65), 247, 249, 252

Lisey, R. L., 151, 152, 199(10), 224(21), 225(18,
21),278,279

Lieskgr, R., 291

life cycle,

Protozoa, 246
rust, 86-87

Liry, V. G,, 221(40), 224(15, 16)

LinpecreNn, C. C., 78(15), 107(68, 69, 100), 115-
129, 117(19), 118(24), 122(13, 15), 124(16),
125(18), 146(19), 149, 193, 194, 206, 248,
249, 254, 256, 256(27-29), 257, 257(7, 8),
259, 261(7, 8, 19, 30), 262(20), 283, 284

LinbecreN, G., 78(15), 107(100), 115-129, 117
(19), 118(24), 146(19), 149, 206, 256, 257,
259

Linprors, T., 86(31)

Lipmann, F., 268(13)

Litteie, C. C,, 104(70), 169(3)

Loes, L., 103(72, 73), 107(71, 73), 166(4)

Lounis, F., 51

Loos, W., 208

Loring, H. S., 9, 18(24)

Lucke, B,, 105(74)

Luororp, R. J., 104(75)

Luria, S. E,, 2(32, 34), 3(34), 6(31, 33), 33(3, 5,
6), 37(3, 6), 67(22), 68(20, 21), 72, 74, 84,
114(2), 130-138, 130(18, 21), 131, 131(21),
132, 132(18), 134(17), 136(21), 150, 189,
189(22), 199, 223, 223(17), 228, 233, 234,
278(23, 24), 283

Lush, D., 68(5)

Lworr, A., 130, 139-155, 139(23-26), 140, 141,
152, 221(18), 224(18), 254, 278, 279, 281,
283, 290

MacDowert, E. C., 156-176, 166(9), 171(6,7),
172 (5, 8,12), 173(7)

MacInpog, S. L., 85(32)

MacKenzig, L., 94(76), 97(76), 99(76), 101(76),
104(76), 105(76)

MacLeop, C. M., 67(1), 75(1), 107(5), 130(4),
177(2), 181(2)

maize, 202-203, 205

malignant growth, 94-112, 156-176

MarcHAL, J. G, 25(16), 63(32)

MarcHAL, P, 146

MarineLLy, L. D., 39



310 INDEX TO VOLUME XI

MartoN, L., 3(45)
Massing, R., 146
mating type, yeast, 115-116, 128
MAuReg, J. A., 209(10)
Mazia, D, 119
McCarty, M., 11(35), 58, 67(1), 75(1), 107(5,
77,78), 130(4), 177-183, 177(2, 9, 10), 181(2,
8,9), 269,274
McELroy, W. D, 21
McIrwain, H., 136(20), 200
MEepawag, P. B., 103(79), 106
MEisgr, D., 105(106)
Melampsora Lini, 88-89
Euphorbige, 91
MELCHERS, G., 74(23)
melibose fermentation, inheritance of, 116-119, 257,
259-261
MEeLLon, R. R., 63(33), 65-66, 300
mesotrophy, 302
metabolism, effect of mutation in bacteria, 139-155
methionine mutation, bacteria, 150
MEYER, A., 115(21), 120
MEvYERHOF, O., 275, 276
MEevErs, W. G., 78(16)
MicueL, K., 208
Micrococcus ochraceus, 283
tetragens, 26
microscope, phase, 208-214
Microsporum gypseum, 78
Micura, W., 288, 291, 293
MirLer, B. F., 30(1)
MiLws, K. C., 185
Mirabilis jalapa, 202-203
Mirsky, A. E., 21(26)
MrrcueLr, H. K., 14(21), 17, 18(21, 27), 20(27,
28), 21
mitosis, yeast, 121-123
MoLiscy, H., 291, 291(24)
Monop, J., 143, 146, 146(29-31, 34), 147(30-31),
149,150, 152, 255, 264, 267, 274, 275, 281
Mooreg, S., 216(19)
Moosey, M. M., 104(41)
Moraxella bwoffi, 139-145, 148, 278
MogreL, M., 153
Morcan, H. R,, 61(34)
MosLEy, V. M., 187
mouse leukemia, 156-176
Mraxk, E, M,, 115-116, 127
Mupp, S., 7(36)
MuLrEr, H. J., 21(29), 200
MuULLER, J. H. H., 289(25)
M@oLLER, R., 145
Murrry, H. C,, 88(33)
MurrRy, J. B,, 104(21)
mutation, anaphragmic, 139-149, 154-155
biochemical, 14-24, 139-155, 215-227, 278-284
growth-factor, 150-152
induced, bacteria, 38-50, 278-284
fungi, 14-24, 78-84, 215-227
virus, 36-37
mustard gas induced, 280-281

nutritional, Neurospora, 14-24, 215-227
pigment, 25-32, 197
plastid, 202-207
Protozoa, 246-247
rate, 42-49, 69-70, 130-133, 228-235
reverse, 69-70, 130, 216-227
somatic, 103-104
spontaneous, bacteria, 25-32, 60-66, 113-114, 130-
155, 228-235
rusts, 90-92
virus, 67-77
mutation rates, bacteria, 42-49, 130-133, 228-235,
278
bacteriophage, 69-70
Mycobacterium phlei, 25

N. gonorrheae, 53-55
Nabson, G. A., 207(22)
NATHANSOHN, A, 291
NEEDHAM, J., 31
NEemLz, J. M., 61(21, 35)
Neurospora, 78, 86, 198, 200, 278-284
biochemical mutations, 14-24, 215-227
NEwronN, M., 85(22), 87(20, 40), 88(20, 25, 41),
89(21, 25, 34, 35), 90(18, 19, 24, 37), 91(23,
34, 36, 38, 39)
Niemann, C., 5
Nisson, R., 262
nitrogen mustard, effect on mutation, 15, 280-284
nitrogen-sulphur mutation, bacteria, 140-143
nomenclature, nutritional types, 302
Novikoff, A. B., 290
Nozawa, M., 262(31)
nuclear ratios, 198-199
nucleic acid, content of virus, 190-192
role in transformation, 177-183
nucleoprotein, in enzyme synthesis, 267-270
nucleus, in heterocaryosis, 194-196
NuNEMAKER, T. C., 51(1), 52(1)
nutrition, effect of mutation, bacteria, 278-284
Neurospora, 14-24, 215-227
Penicillium, 16
nutritional types, nomenclature, 302

OaksERG, E. F., 130(21), 131(21), 136(21)
OBERLING, C., 103(81)

Oenothera, plastid inheritance, 204

OErskov, J., 51(17), 55(16)

OLive, E. T., 86(42)

OrariN, A. 1, 289, 290

Orig, E. L., 107(82)

OruA-JENSEN, S., 289, 290, 293, 297, 298
OsTERBERG, H., 208, 209(2), 210(17), 211(2)
oxaloacetic acid, 139-145

Par, B. P., 205
ParerTa, F. X, 104(22)
papilloma virus, rabbit, 8-9, 191-192



INDEX TO VOLUME XI 31

Paramecium, 93, 236-255
concentration of kappa, 237-246
Dauermodifikationen, 246
kappa factor, 236-255
Killer character, 236-255
phase microscope studies, 211-212

paratrophy, 302

ParkEr, R. F,, 67(24)

Parr, L. W., 130(22)

PASTEUR, L., 60

pathogenic characters, rust, 88-92

PavLing, L., 3(37)

Peacock, P. R., 104(83)

Pelargonium, 203-204

penicillin, resistance to, 133, 135-137

Penicillium notatum, 16-17, 78, 80, 193-194, 197,

201

PENISTON, A, 120, 121

phage resistance, 130-135, 150-152

phase microscopy, 208-214

phase variation, bacteria, 61-62

Pamuies, F. S, 15

photolithotrophy, 302

photomicrography, 213

photoorganotrophy, 302

phototrophy, 302

phytotrophy, 302

PickeLs, E. G., 7, 7(50)

PiemEIseL, F. J., 85(51, 52)

PiERCE, J. C., 18(24)

Pierson, B. F., 246 (6)

PiescuEy, E., 91

pigment, Aspergillus, 197
bacteria, 25-32
Neurospora, 218
Penicillium, 197
Puccinia, 89-90

Pirig, A, 189

Prie, N. W, 9, 184-192, 184 (3, 6, 26), 185(4, 6),

186(2, 26), 187(8), 188(4-8), 226, 284

PrrT, R. M., 62(18), 63(5)

plasmagene, 250-251, 270-277

plastid mutations, 202-207

plastogene, 202, 205

preumococcus, 60-63, 177-183

pneumonia virus, 185

Porraurr, G., 86

poliomyelitis virus, 8

PorLEeriTZKY, K., 7(36)

PontECORVO, G., 49-50, 193-201, 195(9), 197(8),

276
population genetics, fungi, 199
PorTER, K. R., 6(39)
PorTER, J. S., 156, 157, 170, 171(6, 7), 172(5, 8,
12), 173(7)

PotTER, V. R., 107(84)

PreER, J. R., 126, 236, 237, 237(7), 238, 243, 245,
246, 253

Pre1sz, H., 61(37)

PressmaNn, D, 3(37)

Prevor, A. R, 293, 294

Pricg, W. C., 10(40)

Price, W. H., 180, 183

Primula sinensis, 202

PriNGsHEIM, E. G., 299(33)
proline mutation, bacteria, 150-151
Proteus vulgaris, 153

Protozoa, genetics of, 236-255
Pseudomonas pyocyanea, 3
Puccinia, 85-93

Purpy, W. ]., 104(44)

R antibody, 177-183

rabbit serum, 177-183

RaciBorski, M., 86

RaFALKo, J. S., 115,119, 126(22)

Rann, 0., 294, 297

Ranporry, L. F., 202, 203

Rarkr, K. B., 78(11), 80(11,17)

REAGH, A. L., 60(42)

REBENSBURG, L., 74(26)

ReEp, G. B,, 25(17), 26

REeGNERY, D. C., 20(30), 215(20), 221(20)

RENNER, O., 202, 204, 204(26)

RemAnN, H. A, 26, 63(38, 39)

reproductive processes, bacteria, 51-58

RETTGER, L. F., 25(19)

reverse mutation, 69-70, 130

rhamnose mutation, bacteria, 145

RHINEBERG, J., 208

Ruoapes, M. M., 107(85), 202-207, 205

Ricuarps, O. W., 208-214, 208(21), 209, 209(2,
10), 211 (2, 22), 212, 213

RicuTER, M. N, 166(9)

RiLey, V., 105(11)

RiTTENBERG, D., 19

Rivers, T. M., 7, 104(86)

RoserTs, E. C., 282

Rosson, J. M, 15, 49

RocuuIN, E. J., 207(22)

RoErke, R. R., 151, 152, 199(10), 224, 224(21),
225,278,279, 281, 282(21, 27)

RoTHEHAAS, A., 25(27)

Rosg, W. C., 14(31)

Rous, P, 101(60), 103(93),
105(60, 90, 91, 92), 107

Rupp, G. V., 178(11)

Ruska, H, 1,3,5,7

rust fungi, 85-93

Rvan, F. J., 49, 113(3, 4, 5), 199, 215, 215(5, 6,
24), 216(25), 217, 218(25), 221(25), 222(22)

104(59, 87-89),

Saccharomyces, 53, 58, 115-129, 153-154, 257-277
SampEL, L. J., 215(6)

SarLaman, R. N, 74(25)

Salmonella, 61-63, 145, 228-235

SansoME, E. R., 38(8),197(11), 198

SANTESsON, L., 96(14), 104

SAPPIN-TROUFFY, P., 86(46)

sarcoma, filterable agents, 192



312 INDEX TO VOLUME X1

schizomycetotrophy, 302

ScHNEIDER, L. K., 222(22)

ScHEURLIN, E.; 25(20)

SCHONHEIMER, R., 14

ScuoprEr, W. H., 17(33), 224(26), 225(26)

ScuramyM, G., 74(26)

ScHREK, R., 103(95)

ScHULTZ, A. S, 262, 265

Scuvurrz, E. W., 3(45)

ScHuLTZ, ., 21(34), 122,126

Scawerpr, C. E., 9

Sclerotinia Gladioli, 86

Scort, M. A,, 125 (18)

Scort, W. M., 61(40), 64(40)

Scott, V., 224(14)

serological reactions, carcinoma, 95-102, 105-106

serology of cancer, 95-102, 105-106

Serratia marcescens, 25-32, 63, 230, 232-233

SerTIC, V., 68(27, 28)

serum, anti-R rabbit, 177-183

SEVERENS, J. M., 278(29)

sexual phase, bacteria, 283-284

SHAPIRO, A., 228-235, 228, 229, 231

Suarp, D. G., 7(49), 8(46-48, 59), 211

Sueprovsky, T., 7(50)

SHEMIN, D., 19, 282(30, 31)

SuEeng, T. C., 215, 221

SHERRICK, J. L., 25(19)

Suive, W., 282

Sia,R.H. P, 177

S1601, A., 247(4), 252

SiLver Dowping, E., 198(13)

SiLveErMAN, M., 224(27-29)

Simizu, A, 61(41)

Skeces, H. R., 224

Skoog, F., 126

Srizynski, B., 50

SmapEL, J.E., 7,7(21, 50), 188(27)

SmaLr, M. H. 151, 152, 199(10), 224(21),
225(21), 278, 279

SmiTH, J. D., 208(5)

SmitH, T., 60(42)

Smira, W. E., 53(8), 107(96)

Smite, W, 51(18)

So, M., 205, 206(28)

SoLnTzEVA, L., 299(13)

somatic mutation theory of cancer, 103

SonneBorN, T. M., 11(52), 77, 93, 107(97-99),
126, 128-129, 138, 174-175, 206, 236-255,
236(9-13), 239(12), 240(12), 243(12),
245(13), 246(2, 8), 237(12, 14), 247(11, 12),
251-253, 272

sorghum, 202

Soriawo, S., 299

Soroxin, H., 212

SouLe, M. H., 63(43)

speciation, fungi, 78-84

SpemANN, H,, 106

SPENCER, H., 246

SeiEGELMAN, S., 11(53),

107(100), 117(19),

118 (24), 125, 126, 146(19), 149-153, 206,
228, 229, 250-252, 256(19, 20, 27-29), 257,
258(19), 259, 262(19, 21, 31), 263(23),
265(22), 266(24, 26), 267(25), 274-276

Srs, A. M., 19, 20(36), 221(30)

STADLER, L. J., 38(12), 44(12), 67(29), 74(20),
207

Stakman, E. C., 85, 85(47), 87(48), 90(28, 29,
49), 91(49), 92(50)

Stanier, R. Y., 293, 298, 299(37-40)

StaniLey, W. M. 8, 8(29), 9, 9(57), 10, 10(55),
11,11(55), 74(30), 104(101)

StANNARD, J. N., 262 (33)

Staphylococcus, 61-62, 133-137

Starkey, R. L., 298

StepMaN, E., 119

StEDMAN, ELLEN, 119

SteENBoCK, H., 25(14)

SteiN, W, H., 216(19)

SterN, K. G., 94(102), 105(102), 253, 277

StETTEN, D, 17(38)

STEPHENSON, M., 262

StiEgr, T. J. B., 262 (33)

Stock, J. P. P., 208

Stokes, J. L., 17(39), 20(39)

StonE, J. D., 74(6)

Storz, E., 143

Strais, W,, 91

StrAUB, F. B., 142

strawberry virus, 185

Streptobacillus moniliformis, 51

streptococcus, 54, 61-63, 66

StroNG, L. C., 168(13), 175

STRYKER, L. M., 63 (44)

Stussg, H., 74(19)

Suce, J. Y., 61(35)

Surrivan, M. X, 25(21)

sulfur mustard, effect on mutation, 15, 280-284

sulphathiazole, resistance to, 133, 135-137

suppressor genes, 154-155, 216

Swanson, M. A., 268(3)

Swanson, C. P., 83, 83(12)

symbiosis, 51

SzeNT-GYORCI, A., 142

Taviarerro, W. H., 105

TANNER, F. W,, 278(29)

Tarum, E. L., 14(6, 21, 40), 15, 15(6), 17, 17(44),
18(10, 21, 43), 20(45, 46), 25, 25(10),
30(10), 49, 80(2), 113-114, 126, 151, 199(14),
216(31), 221(2, 4, 34), 224, 224(11, 32),
225(31, 33), 278-284, 278(33), 279, 280,
282(14, 33)

TayLor, A., 105(104, 105)

Tavror, A. R., 3(58), 7(49), 8, 8(46, 48)

Tavior, H. E., 177-183

Tavror, M. J., 172(8, 12)

Teas, H. J., 18,

TEISSIER, G., 107(65), 247(5), 252



INDEX TO VOLUME XI 313

TENEBAUM, E., 103 (49)
ternary compounds, bacterial metabolism of, 139-
150
THAXTER, R,, 299
TroMassEN, P. R, 3(45)
tobacco mosaic virus, 10-11, 74, 184-187, 284
tobacco necrosis virus, 10
Tosie, W. C., 25(22)
Tooran, H., 176
Tracy, M. M., 103(10)
transformation, pneumococcus, 177-183
transplantation, cancer, 174-176
mouse leukemia, 157-176
TREFFERS, H. P., 136
Treponema pallidum, 11
Trichophyton, 78-80
Trypanosoma, 105
tumor cells, 94-112
Turri1T, G, 25(23)
TwoMsLy, G. H., 105(106)
typhus rickettsia, 191

User, F. M., 38(12), 44(12), 207
ultraviolet absorption, virus, 10-11
ultraviolet induced mutation, bacteria, 38-50, 279-
281
fungi, 14-15, 78-84
virus, 74
uracil requirement, Clostridium, 222-225
Uromyces Rudbeckiae, 86

V2 carcinoma, 99-101, 106-108
vaccinia, 7-8, 191
vaN Nier, C. B., 25, 227, 285-301, 288(44), 290
293, 294, 297, 298, 299(16, 40, 43), 301
variation, bacteria, 25-32, 60-66, 199-200
fungi, 85-93
leukemic cells, 156-176
variegation, 202-207
VENDRELY, R., 130(5), 152, 177(3)
ViICcToR, J., 166(15), 171
v. EULER, H., 262
viroid theory, 110-112
virulence variation, leukemia, 157-166
virus, animal, 6-9, 74
bacterial, 1-6, 33-37, 67-77, 114
bushy stunt, 10, 187-188
chemistry of, 1-13
cofactors, 3-5
effect of enzymes, 187-189
evolution, 110-111
induced mutation, 33-37
influenza, 8, 185-187, 191
isolation of, 186-187
morphology of, 1-13
mutual exclusion, 33-37
nucleic acid content, 190-192
phosphorus content of, 190-191
plant, 9-11, 74

b

pneumonia, 185

size, 6-9

spontaneous mutation, 67-77

state in infected cell, 184-192

strawberry, 185

tobacco mosaic, 10-11, 74, 184-188
vitamin synthesis, Neurospora, 16-18
volutin, yeast cell, 119-120

WappELL, A, H., 195(15)

Wacer, H.,, 120, 121

Warr, M. J., 188(27)

WARBURG, O., 104(107)

Warp, H. K., 178(11)

WAaSSEN, A., 61(435)

Wasserzug, E., 25

WaterHOUSE, W. L., 88(54), 90(53), 91

Wartson, I, A, 88(54)

WEIL-MALHERBE, H., 102(26), 104(26)

WENT, F., 221(35)

WERkKMAN, C. H., 224(27-29, 37-38)

WETzZEL, K., 154

Warre, M. J. D., 23, 201, 254

WHITE, P. B,, 62(46-49), 293, 293(45)

WickerHAM, L. J., 115,127

Wirriams, R. C., 1(61), 8, 10, 10(40)

WiLson, E. B., 105(108), 107(108)

WiNgE, O., 53(19), 78(19), 202, 256, 257

WINKLER, W., 289(46)

WINOGRADSKY, S., 288, 291

WinsLow, C. E. A., 290, 291(50)

WINTERSTEINER, M. R., 166(15)

WINZLER, R. J., 265, 267(38)

WitkiN, E. M, 38, 44, 130(24), 131(24), 133(24),
136, 223(36)

WoLBACH, S. B., 103(33)

Worrman, E., 150-152

Woop, H. G., 224(37, 38)

Woobrurr, C. E., 188(28)

WoobruFF, L. L., 246(15, 16)

Woopns, M. W, 107(110), 206

Woonwarp, C. R., 17(39), 20(39)

WreDE, F., 25(27)

WriGHT, B., 15(20)

WricHT, L. D., 224

WricHT, M. H,, 152, 224(13)

WricHT, S., 14(47), 20(47), 21(47), 270, 272, 273

Wyckorr, R. W. G, 1(61), 8, 10, 10(40), 94(38,
111), 187

Wryss, 0., 221(40)

X-ray diffraction, virus, 10-11

X-ray induced mutation, bacteria, 38-50, 278-281
fungi, 14-15, 78, 83
virus, 74

xylose mutation, bacteria, 145

Yasur, K., 206



314

yeast, centriolar bodies, 122
chromosomes, 119-120
cytogenes, 115-129
cytoplasmic granules, 120-122
metabolism, 153-154
mitosis, 121-123
phase microscope studies, 212
reproduction of, 53, 58

YorkE, W., 137

Yupkin, J., 148, 262, 275

INDEX TO VOLUME XI

YurLt, E., 195(4), 197(4), 197
Yurws, J. L., 195(4), 197(4), 197

ZAMENHOF, S., 77, 153, 227, 235, 274, 276
ZERNICKE, F., 208

ZIEGLER, ]. E., 189(29)

ZmvMmeER, E. 38(8), 78(13), 80(13)
zootrophy, 302

ZworvkiN, V. K., 1(62), 10



