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The Isolation of Single Bacterial Cells. 
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Tr-n: ,n·iter h as three reasons £.or intro<1ucing what, t o m any worker s, 
is a somewha t threar1bm·e subj ect: (l) I n t h e min ds of not a few 
people with whom the auth or has d iscusserl the matter, the impression 
still persists that th e tech n ique of t he is·olation of single bacterial 
cells is extremely difficult, inYolYing months, i f not years , of practice 
for it s successful acquisition. H eller (1921) stated that sh e found 
the B arber (1914) methor1 " " ·asteful of time, material , eyesight ancl 
nervous en ergy " in t he isolation of anaerob ic bacteria . There is 
some j ustification f.or saying th at a wastage of t ime <lllrl energy 
occurs when , after t h e successful isolation of ten to tweh-e bacter ia 
m spores, not one germi nates . This point, the germination of t he 
single germ, especially ''"h en it ooncerns the anaerobes h as not 
received t he same amoun t of attention that the adual isolat ion has . 
The latter is a simple merhanical process, the fon ner one OYer which 
the operato r has not t he same degree of control. (2) A method of 
isolation, to be of real practical Yalu e anrl t o enjoy a con stant ancl 
wide application , must be simple an d cl eYoid of t edium and tim e 
11·astage. P 1·eferably should i t he su ch t h at the \Yorker \\·ould prefer 
t.o employ it r ath er th an use plat e or shake method s of isola tion. 
Again, th e learnin g of the t ech ni que shoulrl n{)t. r equire months of 
practice nor sh ould it be of such a nat u re t hat only those people \Yit h 
" hands " can easily acquir e it . R eynier s (1900) described a methorl 
by \\·hich beautiful micro-p ipettes may be made mechan ically. The 
ll'riter gained t he impression , 'nong, he h opes, t hat t h e ma king of 
the appar atus w.ould be one requiring considerable .:ki ll a nrl time. 
Doubtless, ho\\-eYer , to see th e desig·n er himself at " ·ork " ·oulrl rlispel 
t his idea . The method, usf' d by th e \H iter for -oYer four .Years, ha~ 
proYed to he so simple tha t tlll'ee colleagues, after h alf-an-hour's 
p1·actice in p ipette-making haYe settled -rl own anrl isolated (\Yith 
successful germination) single germs of Cl . 1celchii an d B . anth1'(zds. 
(3) The third r eason arlvan('e<l for the pr esen tation of this note is in 
the natur e of a plea for t he more e:xten<1er1 use of the si ngle cell 
isolation m ethorl as a routine measure . T he saYing of lahour an<l 
of time in -v·olved in obtaining defi ni t ely pure rultures and th e feeling 
of assurance in h aving these pure cu l tures gTeatly out"·e iQ'hs the 
only di sa ch-antag'e (in the writer 's op in ion) of th e expend it ure of 
t he mon ey for t he mirrom anipulator . But eYen a mn rhine ('·osts no 
more than a good mier oscope and \There the ·out lay i ii imposiiible a 
locally-made apparatus ·or t h e mod ification used by ~'[a lon e (1918) 
ma:v he employed . F in ally , ther e i s the possibili ty t h at l ess would 
he hea n1 of harteri al mutation if cu ltures " ·ere first pur ifiecl h)· t he 
s ingle-cell meth orl . 
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T he Ji a king of JllicTo-zJipettes .-On the making of satisfactory 
pipettes (lepends the success of isolation. The writer \vas quite 
unable to make an effi cient ar t icle by the "tiny flame method " as 
described by Barber (1914) and Chambers (1922)). That this method 
gives highly satisfactory results t here is no dm1bt; neYer having hall 
the procedure demonstratecl t o him and the use at these laboratories 
of " parafiin g as " (Mansfield system) are d-oubtless the reasons for 
the fa ilme. The electr ica l heater described (Mason 1933) soh ed the 
difficult:y·. The two elements, arranged in the form of a V, may be 
made broad or narrow. If na n oiY, the type of pipette most rlesirahle 
for isolation work is easil~' prepared. It is advantageous that the 
micro-portion sh ould not be more than 1 ·5 to 2 em. long and that it 
l:ihoulcl lean t he th ick portion of the hand drawn capillary sharply. 
A long- taper ing m icr o-pipette trembles easily and when raised against 
t he coYer slip in t he process of isolation " gives " considerably, 
necess ita t ing much adjustment of the control scr ewfi of the machme. 
Su ch a tapering pipette is liable to be pu lled when the breadth of 
the elements is 3 · 0 em. -or more. Elements of 2 · 0 em. give satls­
factory results . 

DETAILS . 

1. Choose soft glass t ubing w ith an external diameter of abou t 
1 · 0 mm. aml an internal diameter of about G 111111. Cut portions 
a bou t :30 em. long. S.oak for au hour or bYo in 5 per cent. hydro­
chlorie acid, r inse thOl'oug hly in tap " ·ater and then in distilled 
\Ya ter. .\.llow to drain and dry. P lug both ends \\-i th wool an d 
sterili ze in the hot-air oven . Over a Bunsen flame, prepare twu 
ordinary Pasteur pipettes from each portion of glass tubing. Store 
in a rlust-free receptable unti l r equired. 

2. :Jfake a match-head flame by connecting, by means of rubber 
tnb.ing-, a fairly large bore hypodermic needle to a Bunsen burner . 
( 'arefully pull a much smalle1· capillary fr.om the capillary end of 
the Pasteur pipett e. Care shoulrl he taken to pull steadily and our. 
of t he fin m P '"heneYer the hen ted porti on of glass is nearly molten. 
The length of fine c-apillary pulled "-ill Yary in length from 3 to G em. 

:~. L o,Yer t he fine capi llary portion into th e glO\Ying heater, and 
so nnange its position t hat the micro-capillary comes off sharply. 
,,~heneYer the o-lass " o·iYes ' ' pull o·ently and evenlY raisino· t he 
pipette ;;l ight.ly"' in t he "'heater .' Yery little practice i ~ 'necessa~-y to 
learn the degree of t r action neeessary for t he making of a satisfactory 
article. As a r ule separ ation of the m ier·o-capillary portion from 
the dista l end of t he fine capillary occu rs, but if not , the distal encl 
is seYerecl with sharp sciss-ors. 

4 . The end of th e micr o-pipette must be t urned up for a (listance 
of about 2 nun . This is accompli;;hed by holding it aboYe the match­
head flame . As the capillary turns up quickly , care should he 
exe1-ciserl to ensure t hat too much is not bent or that t oo acute an 
angle doe;; not ·occur. As t he distal enrl of the turned-up portion is 
almo;;t certa in to he fused, enough is cut ·off \Yith steri le scissors to 
leaYe approximate!~· 2 mm. 'l'·o ensure t he patenc:y of t he opening·, 
air is pum ped , by means of lwnrl hello\\·s, th rough the pipet te into 
alcohol. One can j udge of th e diameter of the hole by the , .i ze of 
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the bubbles produced . The type of bellows used is important. One 
of the \Hiter · s colleagues nearly cliscardecl what were excellent 
pipettes because he was m JUble to blow air through. He \\'<lS using 
the common type of barbers ' bellows, made of thin rubber with 
intermediary bulb surround ed by string netting. Sufficient pressure 
IY DS not obtainable. 'l'he use ·of thick walled bellows IYith only a 
small intermed iary bulb (also thick " ·nlled and " ·ithout the netting) 
sho11·ecl thnt the opening were patent. 

The completerl pipette is clamped to the manipulator. 

Th e .lfr111ipulatoT.-The writer uses the machine manufactured 
by the Zeiss company and h as found it eminently satisfactory in 
eYers· way. \\~hateYe1· appnratus is u sed, no matter how simple of 
r;onstrnction, a sinr> IJ'IIa 110n is that the moYemenis must he preci,;e 
and stead:-·. A jerkiness IYill p1·oduce poor results nncl loss of 
patience. 

The moist chamiJer, co1;er slips and h ollou;-ground slides.-The 
mnist ch amber was preparecl from an ordinary micr·oscopic slid e hy 
luting to it (b~- means of sealing '"ax) strips of slides so as to form a 
chamber encb~ed on three sides, its depth being 6 mm. This clepth 
may " ·ithout disadvantage be increased to 1 em. One end is left 
open for the introduction and " ·it.h chawal of the pipette. 

The c-oYer slips and hollow-ground slides p1·esent no special 
features. The <;oncaYity of the hollo1Yed slid e is 26 mm. in diameter 
and the coYer slips are· of sueh a size that they cover t h e area with 
plenty of room to spare . Just prior to use, both are cleaned with 
a clean cloth and ;;terilizecl by flaming. 

T he ilfedium .- This " ·ill depend on the germ to he isolated but 
it must he capable of being transformecl into a s·olid 01· ;;emi-solicl 
transparent condition. 

The \\Titer has used as routine horse-muscle infusion peptone 
ngar plus 10 per cent. of a mixture of equal parts of sheep haemo­
lysed cells and serum and a saline extract of g-uinea-pig: liYel'. The 
preparntion of the hnemol~·secl cell and serum mixture has Dheady 
been clesc1·ibed ()Iason ] 934) . The guinea-pig liver extract '"as 
added because it \Yns fou nrl to h aYe, as Tarm:r.i (1906) originall:-;· 
cliscoYerecl, a stimulating effect upon. t he gTo,dh of anaE'rohE's, tlle 
g roup of germs in which the writer \vas chiefly intE>reste<l. Portions 
of the l iYer of a h e:llth:v g11inea-pig " ·ere remoYecl " ·ith stE'ri lE' pre­
cautions anrl plaee<l in thi ck \Yalled test. tubes . By means of a p)ass 
rod inserted through the eotton wo·ol plug of the tube, the tissue "·as 
g-roun<l up. Enough ether \Yas added to cover the liYer and the tubes 
place<l in an incubat.or at 37° 0. for three to fiYE' hour;;. Then 
sufficient sterile saline solution (0·85 per cent.) was added to make, 
approximately, a 10 per cent. suspension of tissue. Afte1 stirring:, 
the su~1)ension \Yas incubated for t"·ent~·-four hours . For us<'. equal 
parts of the serum , hnemolysed cellR and the clear supernatant of the 
liver extrnct \Yere mixed, and adrled to the melted agar. The sterility 
of the mixture was ensured pri·or to its addition. 

C'are shoulcl he taken to haYe a Yerv clear nutrient agar, as the 
presence of gran ules makes isolation Yei:Y difficn1t. 
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The 'niter does n ot in sist that the aboYe described medium is 
t he best that could be desired ; it is m ent ioned because it h as giYen 
excellen t re-sults with many differ en t germs, and in particu lar wit h 
anaer·obes. However, exper ience h as shown that the admixture of 
tWine acl d i tional nutrient, su eh as 1·a ". serum, is advantageous, if 
not essen tial , in the obtaining ·of positive growth results even of 
sueh ea~i ly-grown m ierobes .as Bact . coli and B . anthTacis . 

Th e Culture.- For the is.olation ·of aer·obes, young (twelve to 
twenty-four hou rs) surface cultur es have been used, an d suspenclell 
in broth j u st pr ior to use. The anaer obes will be discussed under 
t h e appropiat e heading. 

Th e l.w lation .- Yiost \Yorkers isolate the single germs in droplets 
of broth ou a cover sl ip, mark these drops, rem ove the contained 
germ with a ne" · sterile pipette and br eak ·off th e p ipette en d in a 
tube of broth. If ten su ch isolation s are m a de, this involves the u ::;e of 
t he same number of pipettes and t he ch anges inYolved in fixing an d 
adj usting them . vVhat is, t o the \\Titer , a much simpler process, 
viz. the expelling, wit h one pipett e, single germs on to t he surface 
of a sol id medium does not seem to have fou n d the applieation it 
desenes. The m ethods (l escribed by H e,dett (1918), Hort (1920), 
Fortner (1930), and Koblmuller and \' ierth aler (1933) allow ·of single 
cells being isolated on the su rface ·of agar. I n the case of t h e fir st 
three, one must inoculate a thin fi lm of m edium "·ith t h e germs an d 
then search for and mark a microbe ly ing free . T h is involves 
considerable time an d eye strain and its consist ent success would 
depend upon always inoculating " ·ith a bacter ial suspension ·of a 
su itable density. vVith the last -named au thors' technique, a n umber 
of ;;ingle germs ar e m echanically r emoved from the edge of a young 
growing colony on an agar plate and the colon ies r esulting from 
them are observed an d subcu ltm'ell. vVit h this m ethod, the writer 
has hacl n o pradieal experience. 

D etails of I solation (use of a Zeiss manipulator, m icr·oscope and 
lenses) .- The microscope is clamped t o t he m anipulator and the pre­
par ed mi cro-pipette with attached h and bell o,ys fa sten ecl in its holder. 
'l'he bottom of the moist chamber is moistened \\·ith distilled water 
(a fe" · (lrop~ shoul d be plaeed at one end, the chamber tiltecl to a llo\\· 
ex!'es:-; to run off and th e bottom rubbed >rith t he clean finger to 
produce a thin even layer ·of water ) . A thin eYen layer .of vasel ine 
is rl epositecl on t he tops of t he \Yalls of the chamb~r. It is then 
fixecl on t he meehanical stage. T he tip of the m icro-pipette is 
!'en tred , first uncler th e lmY power l ens (No. 8) and then under t he 
higher po\\·er lens (No . 40). A Ko. 5 ocular is u sed. The open end 
of the turn ed-up tip sh ou ld be t he only part ·of t he pipette in focu s. 
'fhe micro-portion of t he p ipette should n ow be ly ing approximately 
in the micl (lle of th e chamber. A cover slip and a hollowecl slide, 
hel(l in clamp f.orceps are sterilized in th e fla me and left " fa ee " 
dmYmYan ls in t h ei r holders . ~ieamYhi le n utrient agar has been 
boilecl and coolerl t o abou t 50° C. \ Vit h a p ipette , about 1 ·5 c.c. 
is deposit ed in a sterile t ube and immedi ately enough of th e ser um ­
cells-liYer m ixture to make a 10 per cen t. concentration is added an(l 
thoroug h ly mixed. vVith another pipette whi eh has been opene(l 
by fi ling "·i th a sha r p fi le so as to produce a dean cu t , t he seru m-agar 
mix ture is sucked u p a nd a thin micro-plate prepared. The cover 
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slip in the forceps is tiltell to an angle of about 45°-50° :mel a drop 
of the melted agar allmYed to run down i t. A little practice is 
necessary to learn hmY much agar has to be deposited so that it does 
not run right down the slip and over the encl. The agar sol idifies 
almost as it 1·uns, and a thin transparent micr-o-plate is th us formed. 
vVith a very small platinum loop, a droplet of a previously prepared 
suspension of the bacteria to be isolated is deposited m 1 a por tion of 
t he cover slip . It is best to place t h is drop on the cover slip, :;ome 
distance fron1. the agar. The slip is then placed, agar side <lmYn­
wards, on the moist chamber , pressing the sides ligh t ly so t hat the 
vaseliue seal is finn . 'l'he droplet of cu lture is focussed first "·ith 
t he low and then with th e high power. 'l'he pipette point , having 
been previously centred will be just below the drop . Carefully raise 
the point into the culture, when th e bacteria will be seen to fio\Y in. 
vVhen some dozens or hundreds have enter ed , lo\Yer the point :m el, 
with the mechanical stage, bring one end of the agar strip iutu 
view. Raise the point until it touches the agar ; the moment of 
contact is easily seen. Lightly press t he bellows and note t he exit 
of bacteria. If, for example, only three emerge, it is worth while 
to pick up tKo leaving on ly a single germ. This is accomplishecl by 
bringing the point just under t he germ, and raising it unti l it touches 
the agar. Often, the bacterium floats into the hole. If not, -or if 
say ten germs emerge it is best not to waste time but rather to moYe 
to a new portion -of agar (by means of t he mechanical stage) and 
again try to expel only one germ. 'l'his m ay sound rather difficult , 
but actually b.v varying the pressure on t h e bellows and by allmYing 
the pipette p-oint just to t(ruch the agar or to be slightly bur ied in it, 
ten to twelve isolati ons may be made in five to ten minutes. \ Vhen 
one is certain t h at only one germ is lying free the area is ringed 
with a nose pieee diamond marker. 'rhe writer has been accustomed 
to make from eight to ten isolation s on one pla te, arranged in two 
rows. H aving finished the isolations, the pipette is lowered and 
withdrawn from the chamber , and the cover slip is carefully detached 
and placed over the concavity of the hollow slide. Yaseline is u se<l 
to lute it in position . 'l' he slid e is then incubated at :no C. If om; 
wishes to observe the progress of wultiplication, the slide may he 
examined at frequent intervals, t he indi vi dual germs being easily 
founrl in t he ringed areas . Otherwise the slicle is remoYed and 
examined after twenty-four hours and those areas c-ontaining eol·onies 
noted. The colonies may be rem(wed in t wo ways, (l ) hy the use 
of the naked eye and a fine platinum loop ·or needle or (2) the cover 
slip is again placed -on t he moist chamber and th e desired r:olonv 
emulsified in a drop of hroth expelled on to it from a coarse mier{;­
pipette and the emulsifie(l bacteri a allo1Yed to run back into the 
capillary and finally expelled into a tube of nutrient . With the 
first method -one must work quickly as the agar film dries -ou t in a 
matter of fiye minutes; with the second procedure, a fresh pipette 
J S needed for each colony. If desired, one may snek up a portion 
of the emulsified colony in a m icro-p ipette and th en, on a fresh 
micro-plate, r:arry out another series of isolations. 

SoME PRACTICAL Co~smERATIOKs. 

1. The Size of the llole h1 tl1e il l icro-pipPtte.-Contrary to '"hat 
IYoulcl be expecte(i , a hole just large enough t o ~Uow of t he passage 
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of a bactenum has not proved suitable fm' isolation purposes. 'fhe 
germs do not flow into the pipette easily or at all and further, great 
difficulty is experienced in expelling them. An aperture two to five 
times the size of the microbe has given the best results . 

2. The Density of the lnocul1tm.-This should be such that 
when the pipette point is raised into the inoculation droplet, each 
individual germ should be observed to enter. vVhen they enter 
en masse, the suspension is too dense. 

3. The Thickness of the Agar Film, and the Spacing of the 
lsolations.-The film should be as thin and even as possible and its 
area should be such that when the cover slip is luted to the hollowed 
slide, no part ·of the agar touches the slide. 'l'he distance between 
each is·olation should be so arranged that the resulting colony can be 
picked without danger of touching another colony. 

4. The Bellows.-As previously stated, this should be made of 
thick rubber with no or only a small intermediate bulb. If the 
t ype \Yith the net-covered intermediary bulb is used, the pressure 
can be released only by disconnecting the bellows from the pipette. 
One must be able to apply or release the pressure at will. Further, 
considerable pressure is often required to expel the germs. 

5. The Jfagnification Required.- The writer has found it of 
advantage to use as low power an eye piece as possible, otherwise 
loss of definition with resultant eye strain occurs. For large germs 
such as the anthrax bacillus, and also for bacteria as CZ. welch·ii and 
Cl. septicum a Zeiss No. 5 eye-piece with a No. 40 objective have 
proved suitable (according to the Zeiss company this gives a magni­
fication of X 200). vVhen higher magnifications are required the 
oil immersion lens should be brought into use. vVith a suitably 
prepared agar film, sufficient working space is still available for 
this lens. A higher power eye piece (the Zeiss Ko. 7 or 10) should 
be used only to make certain that a single germ is lying in the field; 
it is not advised to carry out the actual is·olation under such a lens . 
'The condensor must be adjusted so that the bacteria stand out sharply. 
With ordinary daylight as illuminant, the writer has found that 
i:he lowering of it hal£ to three quarters of its full distance gives 
t he sharpest definition. 

() . Actirely il1 otile Bacteria.-The method detailed is not suit­
able for the isolation of germs such as B. p1·oteus; a confluent film 
will be produced, rendering the work valueless. One may still employ 
the agar film method, but one bacterium only may be implanted on 
the " ·hole surface. Rather should one isolate the microbes in drop­
lets of liquid medium, in which case the cover slip should be care­
fully prepared as described in detail by Gee and Hunt (1928). Or 
one may employ the standard technique of isolating the germs in 
droplets and transferring these to tubes of medium. 

7. Percentage of Positi·ue Results.-vVith germs such as B. 
anthracis, Bc~ct. coli, B. typhosus, B. pullorum and staphylococc1: one 
may expect six to ten of ten isolated cells to multiply. As one 
approaches the more " fastidious " microbes, as streptooocci, the 
percentage of positive results drops , but the writer has had no diffi­
culty in obtaining three to six positive results out of ten isolations 
.o£ a delicately growing streptococcus. 
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8. Appl·ication to Anaet obes .- It was with this aspect that the 
writer was chiefly interested . 

'l'he culture to be used for isolation was, in the case of C l. ~celchii 
and t e1'ti u rn, an eigh teen hours' surface culture of the genu . 'l'he 
same could also be used for Cl . septicum, bi j e1·mentans, spo1·ogenes 
and oeclematiens hut experien ce shmYed that a young (t "·eh e to 
eighteen hours) serum-cells-liver broth cultu re gave better results. 
Ordinary infusion broth w.as boiled for fifteen minutes, then coolerl, 
the mixture added, and after heavy inoculation (to ensure rapi.l 
growth) was in<~ubated in a gas-filled jar. A young meat broth 
culture could not be u sed owing t o the presence of t iny meat particles. 

Fortner 's (1930) n. p1·oclig1:0S1lS technique proved to be the best 
method of securing anaerobiosis. A slight modification was int ro­
duced. Instead of seeding a portion of the micro-plate with culture, 
the whole of two to four 18 hours' agar slope cultures vYas smeared 
on the concavity of the hollowed slide . By such technique, germina­
ti-on of C l. 1celchii was repeatedly observed after three to six hours ' 
incubation. Experience showed that if multiplication had llOt. 

commenced after t \\·enty-f01.u· t.o thirty hours, it did not take place 
a t all (micro-plates ohser vecl for se ven clays) . By this modifiecl 
Fortner t echnique, positive results " ·ere easily ohtainecl "·ith Cl. 
welchi·t: (Types A , B , C .and D ), t m·tium, bife1'7nentans and szJorogenes, 
and with somewhat more difficulty with Cl. septi cmn, oedematiens, 
tetrmi and s01·delii . H mYever , t he greatest difficulty was experienced 
with CZ. chauvwi and out of about 150 isolations, multi plication " ·as 
obtained in ·one instan ee onlv . A consid erable number of 
variations was introduced in a tt~mpts to induce the si ngle germs 
to mult iply, but with out success. Among them may be m entioned 
t he following : -

(a) B. zn·odigios11s was replaced by Bact. col·i and by B. F rote·us 
OX 19 an.l by Dr . Fortner 's own strain of B. prorligios?ts . 

(b) On th e supposition t ha t nir leakage could occm t hrough 
t he vaseline seal , th e set-up In icro-culture (with B . p1·odi­
,q·ios1.1 s) was incubated in a :Yiaclntosh's and l<'i l(1es' jar. 

(c) Cystein hy clr·ochloricle wns incorporated in the medium. 

(d) Cystein hy drochlor ide " ·as inc-orporated in the medium 
and in ac1dition , the micro-plate was dropped on to the 
surface of the same medium in a Petri ]llate and ineuha­
ti on carried out in a ~£aclntosh 's and Filde;;' ja1· (see Frei 
and Hnll 1931). 

(e) Th e micro-plate ' '"i th th e isolated germs was set up as one 
side ·of the apparat us (macle on a small scale) describe(1 
by the \niter (1930) for obtaining shake cultures of 
anaer.obes . 

(f) Little chambers through whieh hydrogen could be pa ssed 
or in which pyrogallic ae.icl and ~ aOH coulc1 be placecl 
wer e construeted an(l the mi cro-plate luted t he1·eon . 
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(g ) The method of isolating in droplets of fluid and remoYing 
each germ to a tube of sui table medium (Rober tson ' s m eat 
broth plus haemolysed cells, serum anu liver extract) wn:; 
carried out in abou t 50 instanees with one positive result . 
The tubes " ·ere incubated for at least three " ·eeks befol'e 
being discarded. 

(h) Obtaining sporulating cultures ·on Dorset 's egg m edium 
as reeommend e<l by H enderson (1932) and isolating only 
those gen llS " ·ith spores did not lead to positive r esults . 

(i) 'l'he u se of clifterent media did not lead to poo; itive r esults. 
Amongst those tried were-Viljoen 's and Sch euber's 
medium (Viljoeu and Seheuber, 1927) (a li ver extraet plus 
peptone) , Colebrook ' s ox liver t rypt ie digest m e<lium an<l 
horse-flesh in fusion agar plus 0 · 5 per cen t gl ueose and the 
.serum-cells-liver mixture. Ko positive result was got 
\\·it h 0·25 per cent. sloppy agar as an inoculum. 

(j) A sm~dl cir culm· h-ole was cut in a glass slide and over this 
were placed sterile pieces of thin celluloid , on the UJl(ler 
surface of which single germs ''"er e isolatecl. These pieces 
were then ch-opped into m eat broth . Not one of t he isol ated 
germs gre"·. 

(!.·) On one occasi-on , eight isolati-ons were macl e on an agar 
film whilst hydrogen was slowly bubbling in to the 
chamber. The r esults were negative. 

In the fmegoing attempts th r ee strains of C' l. clwunri wer e used . 

As th e solid and liL1uid media m;ed fm· isolation guve exeellent 
r e:mlts 'Yhen large quantities of cu lture " ·ere seed ed , one may pre­
sume that only a Yery odd germ was viable or th e exposure to air 
during the iso lation killed i.hem. 

P erce Jtla .l) e of P osi tic e 1·esults with Anaerobes .- \Vi th C'l . 1celr hii 
and l e rtiuiJl from five to eight of t en implanted cells should gr-ow ; 
with Cl . .septicvm, bi f wnnentans and S7w rog en es two to five ; with 
C'l . oedc nwtiens, tetan i and sordellii two t o three anrl with C'l. 
r·hrntru' i about 1 per cent . 

CONDIENT . 

It is po~sible tha t , to one unfamiliar "·ith m iero-manipulntwn, 
the t echnique as deseribecl may appear more cli:ffi cult th an it r eall.'l· 
J S . In aetual practi ce, the "Ti ter has nsually been 2ble to carry -out 
t he wh olE' process, from the making of the pipette to t he placing 
of the micro-culture (ten to hYelve isolations) in the incubat-or , with­
in 45 to fj (J minute,; . \ Vith large germs and with a suitable p ipette, 
ten isolati-on,; should not ocf:upy more than 5 to 15 minutes' time. 
Sm;lll bac-ter ia entail mme time in t h E' ir is-olation , c-aused chi efly 
by the period spent iu assuring -on es ' self that ·only one microbe 
hns he en E'XPE' llefl . A s explained , this can best he ascertain eel hy 
c-,m-rying- ou~ h e isolation under an oil immersion leus \l-ith a low 
fJO \Yer eye p1ece. 
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J. II. JIIASON . 

Th e ch ief difficulty that may be encountered is in inducing the 
smgle ba ct er ia to grow. \ IVhen fastidious germs are be ing wor];ed 
\Yith , endeaYours should be macle to devise med ia and / or conditions 
most ~ uitabl e for t heir g-rowth rel!u irements . 
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