THE KANSAS UNIVERSITY
SCIENCE BULLETIN. VOL. IV, NO.
1, MARCH, 1907 (WHOLE SERIES,
VOL. X1V, NO. 1): ON HEREDITY
IN CERTAIN MICRO-ORGANISMS



Published @ 2017 Trieste Publishing Pty Ltd

ISBN 9780649321155

The Kansas University Science Bulletin. Vol. IV, No. 1, March, 1907 (whole series, Vol. XIV,
No. 1): On heredity in certain micro-organisms by A. Barber

Except for use in any review, the reproduction or utilisation of this work in whole or in part in
any form by any electronic, mechanical or other means, now known or hereafter invented,
including xerography, photocopying and recording, or in any information storage or retrieval
system, is forbidden without the permission of the publisher, Trieste Publishing Pty Ltd, PO Box
1576 Collingwood, Victoria 3066 Australia.

All rights reserved.

Edited by Trieste Publishing Pty Ltd.
Cover @ 2017

This book is sold subject to the condition that it shall not, by way of trade or otherwise, be lent,
re-sold, hired out, or otherwise circulated without the publisher's prior consent in any form or
binding or cover other than that in which it is published and without a similar condition
including this condition being imposed on the subsequent purchaser.

www.triestepublishing.com



A. BARBER

THE KANSAS UNIVERSITY
SCIENCE BULLETIN. VOL. IV, NO.
1, MARCH, 1907 (WHOLE SERIES,
VOL. X1V, NO. 1): ON HEREDITY
IN CERTAIN MICRO-ORGANISMS

ﬁTrieste






THE

KANSAS UNIVERSITY
SCIENCE BULLETIN.

Vol. IV, No. 1-Matrch, 1907,
{ Whola Serlea, Vol XTIV, Na L)

. CONTENTS :
ON HEREDITY IN CERTAIN MICRO-ORGANIEMS, , . Marshall A, Barber,

PUBLISHED BY THE UNIVERSITY,

Lawrence, Kan.

Entered at the post-office in Lawrsnce s socond-clam matter,



Kaxsas ONIVRRSTY Scuves BoLigm,

Vor. IV, No. 1. MARCH, 1207, | oLy, fxmxs,

ON HEBEDITY IN OERTAIN MICRO-ORGANISMS,
BY MARSAALL A. RARBER,
Prafessor of Bacteriology, Unlversity of Kangas.
With plates 110 IV,
HE aim of the work described in this paper hse been to
conduct with esrtain micro-orgatisms investigations on
heredity similar to those long practiced with higher planta
and aoimals. From the offspring of single yarying cella new
races of yeast and bacteria have been obtained, which differ
morphologically and physiclogically from the type, and thia
paper is mainly given to a study of the origin and charac-
teristica of these new races.

In order to accomplish this work, involving as it does the
selection and isolation of single -varying cells lying among
thousands of normal onee, & new meothod of isolation had to
be devieed, a method which ie deseribed in ancther part of
this paper.

The investigations described below have had to do prinei-
pally with the yenst Succhoromyces anomalus and the bacterium
Bacillus coli communis, though some work was also done with
B. typhorus and a large, spore-forming bacillus, probably B.
‘megatherivm. In every case the work was done with abso-
lutely pure cultures, known to ba such because known to be
the descendants of single isolated normal celle,

In reviewing the literature on this subject, I shall confine
myself largely to those relatively lew papers which deal with
the heredity of new races which have apparently arisen spon-
taneously from cells varying independently of the environ-
ments, and I shall omit the large number of publications
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having to do with medifications of micro-organisms induced
by altered conditions of culture, unless such modifications
are known or supposed to originate from single varying cells.

Haneen, who has been the pioneer in work of this char-
acter conducted on yeasts, aucceeded in obtaining asporoge-
nous races of Sacchoromyces pastorianus I, II, and III, 8.
cerevisiz 1, &, ellipsoideus I and other normally spore-bearing
species by plating in gelatin and testing the offspring of vari-
ous colonies by placing them on gypsum blocks. He found
groat variation in the spore-producing power of these colonies,
varying from notmal to races which have remained asporog-
enous, though cultivated under diverse conditions for twelve
years. He found that some varieties, as johannesberg 1I,
could not bs made to prodace aeporogenous forms, except by
previoualy cultivating the yeast at temperatures approaching
the optimam temperaturs of budding, and that in practically
all forms the per cent. of asporogenous varieties was in-
creased by thia preliminary treastment. Here we have to do
with a possible transformation associated with selaction ; but
in the case of those forma which gave asporogenons varisties
without this treatment, for example §, pastorianus I, which
gave five to ten per cent, of asporogenous colonies at the start,
we deal with probably spontaneous variations.

Associated with the loss of power of producing spores, Han-
sen found the loss of power te produce veils. §&. anomalus,

" howaver, did not lose this faculty in asporogenous varieties,

Further, the author found types presenting growth of
cheesy tharacter and branching filaments, forms which per-
sisted for a number of generations. Again, cells showing a
tendency to extend in an elongated mycelium-like form were
found to transamit their peccliaritiea. In the case of 8. fud-
wigii the mycalinm-like type returned to the normal form
when grown in wort. In type No. I of corisberg, Hansen
obtained a strain presenting abnormally elongated cells which
praserved iia peculiarities during two montha’ cultivation in
wort, This type finally returned to its normal form.

A number of races physiclogically different which proceed
from the same pure culiure are mentioned by Hansen.
Among these are types showiog an increased power of pro-
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ducing alcoholic fermentation. A type of §. crrevisie pro-
duced one to three volumes per cent. more alcohol than the
parent form from which it was derived.

Other straina differed from their types in their power of
forming invertase and maltase. A race of 8. pastorianus I for
soms time failed tc impart to beer a bitter taste and diea-
greeable odor characteristic of the Lypa; and variations of
other types having to do with the clarification of beer and
other aspects of hrewing are mentioned by the author.

These physiological types originated for the most part in
changed conditions of cuoltivation. For instance, Biernacki
and, later, Marcker, Haydruck and Effrout have found that
the addition of small quantities of antiseptica to coltures of
certain yeasts may increasa their fermentative powar. But
Hansen is of the opinion that in some of theee caees, at least,
we have to do with a selection of calls andowed with certain
physiological characteristics and not with mers transforma.
tion. The relative weight of these two factors, in such ex-
periments is & matter hard to determine,

M. W. Beijerinck (1897) isolated from a specles of Schizo.
saccharomyees found on fruoits of tropieal origin two sorta of
colonies on wort gelatin. One sort, browa in color, was
asporogenous ; the other, which waa white, produced spores,
and intermediata forms occurred. Om teating the offspring
of these colonies, the white variaty was found to give nearly
all white colonies; she brown gave brown; while the inter-
mediate types gave both white and brown. Cartain morphe-
logieal and physiologioal differences were alse characteristic
of the diffsrent races. The brown, for inatance, divide with-
out forming the characteristic ** yokes.”” The asporogenous
race showed s loss of power of producing trypsin. There
was little difference in fermentative power, but the chief fer-
mentation was most marked in the spore-benring form; the
secondary, in the asporegencus type.

In Schizosaccharomyees pombe this author found white and
brown colenies, one of which was more productive of spores
than the other, In &, asporus he found white colonies with
thick, short cells, and brown colonies with similar cells, but
having in additien long, thin ones. He found this same
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tendency to split into sporogenous and asporogenous races in
other spacies of budding organisms,

Alfred Jorgensen (1888) hae described new races, differing
in their qualities with respect to brewing, which may come
from the offapring of a single cell. This author has success-
fully selected races having better clearing powers and others
with auperior aromatic qualities.

H. Will (1899) noted a variation in the types of colonies
produced on gelatin by four bottom beer yeaats experimented
on. These types varied in the degree of regularity of the
colony nucleus and outline. Leong growing on one medium
tended to fix the type so that fewer variations of this sort
were observed. The author found that irregular forms more
often occurred on cultures taken from the pellicle, and he
noted & parallelism hetween the tendency to early forma-
tion of pelliclea and the early formation of ountgrowths in
colonies. The pellicle of soms forms produced irregular
colonies, while tho sediment of the same type produced
regular, though sometimes irregular also. Repeated trans-
fers in wort and beer gelatin tended to restors regularity
to the forms of colonies, The eoutgrowtha of irregular colo-

. nies ware eometirnes composed of elongated cells and some-
times of spherical. Bpore formatien diminished in forms
producing irregular colonies and returned agaiz as the colo-
nies became more regular. Races exhibiting cells of my-
colinm-like form retained their characteristics during thres
years of repeated transfera in a fayorable medium, and the
author regards such types as a sort of generation in the
cycle of their life-history. He believea that anceesaive phases
Or ganerationa oceur in these plante, and that the reported
formation of new races may be only the inception of new
generations,

M. Hartman {1803) found in colonies of Toruls colliculosa
on wort gelatin and agar peculiar colonies having slevations
composed of cells larger than the normsl. Cultares containing
these cells have the power of fermenting maltose, a property
not possessed by cultures which lack the large cells. Other
sugars tested —raffinces, cane, grape and fruit sugara—were
fermented by both type and variation alike.
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'W. Henneberg (1903) found giant cells in each of two types
of distillery yeaats, the large rize of which was transmitted to
daughier-celle budding from them. The tendency to store
glycogen was also found to be hereditary in these types.

W. W. Lepeschkin (1903) found in Schdzosaccharomyces
pombe and 8, melaces cells which grew out in the form of my-
celia, instead of dividing in the ueual manner of the genus.
Bome of thess cells were isolated and found to reproduce the
new characteristic. When grown uader conditions [avoring
endogenous ppore formation, these cells produced an oidium-
like growth, and apore formation was rarely cbeerved. When
spores were produced and made to germinata, they reproduced
the elongated type of growth peculiar to the new race. The
author thinke the new form an example of mutation or
haterogenesia,

Comparatively litile has heen done in selection experiments
on bacteria where the isclation of single ceils is involved.

H. W. Conn (1899) describes a cilture of bacteria, isolated
by him from milk, which shows great variability, not due,
apparently, to the immediste environment. The color of
colonies varied from a milk white to desp orange, and from
coloniea rapidly liquefying the medium $o non-liquafying
colonies. By selection of colonies in plate cuitures made
from a pure culture he obtained pure white and pure crange,
az well aa liquefying and non-liquefying strains.

A. Meyer (1901) found that the proportion of branched
cells in Bacillus coherans is greater in that part of gelatin
plates where branched cella were sown; and he concludes
that there is a tendency for this peculiarity to be transmitted.
He is of the opinion that bacteria are d ded from fungi
with branched mycelia, and that occasional branching ia to
be regarded as atavism, not as the formation of a new
character.

W. W. Lepeschkin (1904) found in Baeiliug berestnrewii cer-
tain branched individuals and alzo small non-septate mycelia.
The offspring of isclated branched cells exbibited five to
fiftean per cont, of branched cells after only twenty to fifty
offepring had been formed, while the offspring of the un-
branched showed none until after many generations of cells
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had formed. A culture coming from an isolated mycelium
soon reverted to the ordinary branched and unbranched forms,
though the myeelium type pereisted long encugh to show
s tendency to heredity. The appearance of these mycelia,
apparently, does not depend on temperature or the nature of
the substratum, Higher temperaturee seem to favor the ap-
pearance of branched forms. The asuthor holds that these
variations repreeent new characieristics and are not to be re-
ferred to ataviem.

R. Massim {10808), working with a pure culture of Bacillus
coli mutabiliz, foond that colonies remained white on Endo
agar, indicating lack of power to ferment iactose. Trans-
plantaiions of young colonios continually gave white colonies
on this medium, but transfers from older colonies sometimes
gave a proportien of distinctly red colonies, which r inad
red on further transplantation. Theee red colonies he sup-
poaes to arise by mutation in the sense of de Vries.

1,—EZZPERIMENTE ON YRABT,

In my own work on Saech yees o {ug, I have made
use of a culture kindly furnished me by Professor Freeman,
of the University of Minnesota, & culture which originally
came from Doctor Barker, of England. My researches were
conducted in two direetions: Firet, the selection of cells
varying from the normsl in size; second, the selection of
cells varying in form,

In the firat series I attempted to obtain & race exhibiting
cells parmanently larger than the mormal by repeated selec-
tion of cells of unuvsaal size. As in all experiments made in
the course of this work, the series waa begun witha pure cul-
ture procesding from a single isclated normal cell. Caltures
weore made for the moat part in glucose bouillon in hanging
drops, and the isolated cells were grown in the same medium.
In conducting these experiments, a cell, considerably larger
than the normal, was isolated, and, after a considerable num-
-ber, often hundreds, of offepring had been formed, a second
large cell was isolated from these, and so on. A check con-
sisting of unselected cells was frequently compared under
similar conditions.

In one series this repeated selsction was practiced twelve




