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SISGLE-CELL ISOLATIOKS OF DIPLOIL) HETEIIOZYCWI-S 
ESCHERICHIA COLI 

In :I previous report (I,ederberg, 1919), certain cultures of Eschrricliin roli, 
strain K-1 2, were drscribctl as heterozygous tliploids. This concllrsion was de- 
x~~lopccl from the following findings: 

(1 ) Ivnlike the parent cultures, or rccombinants usually isolated by means of 
nutritional 01’ drug-resistxrcc selection from mixtures of ~omplcmcnt:u~~ types, 
t hcsc cwcytional cultures \\-ere extremely unntablc. They rcpe:tttdly thrcl\- off 
ncv- dtural types exhibiting various combinations of nutrition:d rcq~~ircmcnts 
xitl f’ermcntati\-c (~hxrartcristics. The segrcg:rtrtl types remained stable upon 
fultllw suhll1tuI~c~. 

(2) The presumed diploids Tvere unstable only for ~li:xicters in \vliich the 
parents tlifYcret1 and were stable and similar to the p:wcnts for those in I\-hicli 
the parents \wre alike. The caharacterx studied inclutlrd response to vario(ls 
t):tc~tc~liol’lr:r~e~ 3s \\-ell as nutritional and fermentativc qualities. 

(3) 11iploid cwlturcs selwt ed from parents differing in se\~er:d characters 
affordctl the opportunity to study their associ:~tion or linlagc. \Yhen :i segre- 
gxtcd deny proved to lx stable or pure for any single csharacter, it ~1s found 
to lw pure for all. That iw , segregation inrolvw a complctc block of clil’ft~rcntiul 
drw:wterist iw, ‘I’hc instability is thus best, underxtood as the wcasional scparx- 
tion of blocks of characters deri\-ccl from the tn-o parents, but mow OI* less per- 
matwntlg associated. 

(4) The intrwcllulur lelrel of this association is n newssary condition af their 
cles;c~ription as heterozygous tliploitls. The arguments prc\dously offcwtl \wrc 
probably vdid, tnrt mostly iridirect~ and genetic. Aside from the fact that the 
unst :I\+, wgr~eg:~t ing cultures would be maintained indefinitely through judi- 
c~iously sclcct et1 single-colony idat~ions, the segregant h included a signifiwnt 
proportion of’ different, new combinations (see table 1). Recombination during 
segregation suggests an intradlular association of fact or’s, linless cstrxcellular 
Iwwdit ary infhiencw are assumed. 

This last point is lxdiaps the least’ rigtrrous awrtion of the prc\~ious wxk. 
The present inr~estigation I\-as undertaken to test this assertion by direct isoln- 
tion ( f single ~11s rmcle~ microscopic observation. In \vork of this kind, a c~loscly 
attac.hcd pair of cells might, be mistaken for a single cell, \\.hich possibility re- 
quires the most critical exclusion, because of the dtwal beharior of the pw- 
sumed diploids. Thcrcforc, a method nw adopted for following n. pedigree from 
:L Gngle initial cell for several generations of fission. This technique has been 
used prex~iously in a study of morphological variation in Soln~otdla (Zellc, 
1 !142) anti has hwn tlcscrihd in detail (Zelle, 1951). 
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TllBLE 1 
Fermentation t&s on segreymts isolated from indizlidual Malv colonies 

No. Ma1 iwt1 Xyl -1 No. 

141 + + + 61 
6 3 
3 1 
1 

Individual AIalv colonies were suspended in sterile waler and restrcaked on maltose 
agar. Ko more than one MaI+ and one IlLal- colon>- was olbined from an individual 
streaking. The larger numlx~ of tests on Mal+ is due in part to the preponderance of 
Malf among segregants obtained in this way. 

Figure 1. Appenrancc of ,1I:tlv colonies from a heterozygous diploid culture plated on 
eosin methylene-blue maltose agar. Pure blalf and LZal- colonies are also observed. 



19511 DIPLOID HETEROZYGOCS ESCHERICHIS COLI 353 

EXPERIMENTAL RESULTS BND CONCLUSIONS 

Single-cell studies have been conducted on four different diploid cult,ures. 
The resuhs obtained with one of these, H-226, will be recorded as typical. The 
parents of H-226 differ in the fermentation of maltose, sylose, and mannitol, as 
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Figure 2. Single-cell pedigrees of diploid E. coli (H-226). A: il pedigree in which no 
segregation has occurred. B: A pedigree involving segregation. Ccl1 number 14 (arrow) 
represents the point at which segregat,ion occurred. The high incidence of lethals appears 
to bc cxhnrncteristic of pedigrees of diploid cells. 
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well as in a number of other characters (nutrition, phage responses), which for 
reasons of simplicity will not be det’ailed here. One parent was Malf, Xyl+, 
Mtl+, whereas t)he other was Ma1 -, Xyl - , Rltl- . Parents and segregant,s are 
perfect,ly stable wit,h respect to t’hese characters under all ordinary cultural con- 
ditions. The nonfermenting characters were obt,aincd independently of each other 
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as ultraviolet-induce(l mutations and are readily scored on cosin mcthylene-blue 
agar containing the respcctiw sugars. In contrast to the uniform pure + or - 
colonies produced by the parents, H-220 gi\.cs varicgatcd (0) colonies, like those 
illustrated in figure 1 , when plated on agar containing any one of thcsc cwkohy- 
drates. l’he 11 colonies are mosaics of pure + ant1 - ant1 still unsegregated 
cells, as is sho\vn 1)~ replating them on the same medium. 

7’he l~loc~kwise c~harac~ter of wgregation from 1’ into pure + and - types is 
shown in talk 1) which gives the fermentative characteristics of 151 Allal+ :mtl 
(Xi AT:Ll- denies, each + or - colony having hecn recovrrd from a tliffcrcnt 
I’ ~~~loiiy in ortlcr to sample a large numt)er of tlilf’erent segrc~;at ixns. ‘I’his tatdc 
show that most) scpc ymts retain a lxrwntal c~omhinati:)n of fcwncntati\-r c~har- 
wtcrist iw (all + or all -), hut a nlunlw show clcfinitdy neb- coml,iiiatioris. 
It sl~ould 1~ emphnsizecl that in thaw 217 twts, scyqat ion \\-a.- al\\-ays wm- 
plctc, that is, no types like RM- Sylr’ were recovered. Similar rfwdts aw oh- 
lainetl from scgrcgxnts first ident ifictl on n~annitol or sylos:> :rg:w :mtl then 
testd on the three sugars. 

Studies of pedigrees in 1 he courrie of which segrrgat ion has occurrctl arc still 
in progwss and will 1~ reserved for detailed report else\\-here. -It this time vx 
\vish to report, that, several huntlrcd single-cell isol:ttions from cliploitl cultures 
hxvc hecn matle and analyzed. A’Tost of these isolates, inclutling 284 out of 2.57 
from H-226, retained the instability pattern of the original tliploitl. ‘lb others 
(!)arring a few petligrees from initial cells that \vwe aliwtly scgregant s when 
picaked) wprcscnt scyyqxtions that o~cwrrctl during the tlevf~lopmcnt of the 
petligiw. In figure 2, t wl pedigrees are presentrd that tlrmonstratc the pcr- 
sistenw of the cliploitl (i.e., 14all’ 9y-11~ Mtlrl) c )ntlitir)n throu ?;h:)u t SC\-cral 
iterated sir&-wll isol:~tions. There can, then, l)e little tlr)ut)t of the concurrcnc~~ 
\vitliin a single cdl of genetic traits originally contributed by t\vo parents, :tncl 
of their subsequent separation. Along the lines of previous dis(xh5i )ns (J2cclcr- 
berg, 1947, 1940; l’aturn and Tdcrtxvg, 1043, thcw data rSnforc~C~ the esper- 
mental proofs for n .scsunl process in this hucterium. 

The authors wkh to express their appreciation to Dr. Paul X. Seal and 1)r. 
.John 13. 13wk of the Sational Instit,Iltes of Health, Rdhcstln, ;\larylantl, for 
making latwratory facilities availak~lc for part of this I\-wk. 

The junior author wishes to record resenrch support from the I<wkefeller 
Foundation, and from the I-ni\yersity of \I’iscx~sin Rrscxrch Commit tee \vith 
fmitls supplied tq the Wisconsin A21umni I~escnrc~h Fo~uitl:~tion. 

Segregating tliploid wltures of Eschrrichicl coli lvere studied by a single-cell 
twhnique. inwl\-ing the microscopic dwrvntion of the dc\-dopmcnt of c~lon:~l 
petligrrw from single initial ~11s. ‘I’he segregation pattern of these cwlturcs UYIS 
retainctl through the single-cell isolations so as to preclude the possit)ility that, 
the tliploids represent cstraccllulsr nssociations. The result further confirms the 
wsu:il l)asis of gcnc rcwml~in:~tion in this txderium. 
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