
August 24, 1954 

Dear Professor Lederberg : 

Thank you for your letter of August 4. I am very glad 

to hear that you have been appointed as professor of 

Genetics, Allow me to congratulate ycu I 

I wish to express my appreciation for your kind 

suggestions and inquiries. I will do my best to answer, 

And I do not know how to thank you enough for correct- 

ing my papers and even offering to read the galley proof. 

I could ask for nothing better. 

Unfortunately I had an acute attack of appendicitis 

and have been hospitalized. I hope you will understand 

the delay. 

Thanking you again for everything. 

Yours sincerely, 

C! I' .Lk c I L&LL 

Hisao Uetake 
Dept. of Microbiology 
Sappro Medical college 

hTJ:tm 



page 3 tp41to By broth I mean the usual nutrient broth (bouillon), 
Mixed cultures were incubated at 37OC for 24 hours. 
They are standing cultures, not aerated, 

n n  Page 5 9 l The phage suspension used for enzymatic treatments 
was not an autolysate preparation itself. It was a 
hl.gh titer@tock , prepared by propagation by serial 
transfers of phages on S, anatum. 

page 6 first paragraph: When found, alteredcolonies were found 
at a rate of one or more out of 20 . ?'I was confirm- 
ed that all of the autolysates were capable of form- 
ing plaques on S, anatum or S. butantan, though the 
exact titrations of all the autolysates were not 
carried out. Serological comparison of the phages and 
comparison of their host ranges artj now under study. 

page 11 VIII, Even after one minute exposure, one or more out 
of 20 colonies were found to be agglutinable by 15 
antiserum. 

: 

TABL6sRate of phage-sensitive and mtigenically altered 
cells. 

One minute exposure is too short to carry out a 
quantitative determination4 of phage-sensitive and 
ahtigenically altered cells. Then, the quantitative 
determination was carried out after 30 minutes ex- 
posure and the followin g is an example of data on 
this series of experiments. 

Active phage 
(5x108 particles/ml) 1904 416 20 

I- 33 
l 8 S. anatum (10 cells/ml) 

- - - _--..-l_ll 
Heat-inactivat&d::phage 

( same as above) 
-I- ts 

S. anatum (same as above) 
--- --___- 

x Kean number from 5 plates 



This experiment revealed the following. 
(i) About 40 out of 700-1040 cells survived aP+er 

exposure to phage. 
(ii) About ,!JO to 60 per cent a&& non-translucent 

colonies were of antigenic variants. 
(iii) All of translucent colonies were found to be 

agglutinable by 15 antiserum, 
2) and 3) that you have been kind enough to point 

out in the letter have not been made clear as yet. 
(Thank you for your information on translucent colonies. 

I am not as yet acquainted with your paper in 
Genetics, since it is not available here. 

4 
Theugh 

tran: ucent colonies have been found to contain anti- 
genib variantion-variant cells, F other 
details are not clear as yet. The details will be 
studied further.) 

page 9 Tn each of antigenic: variants 2 or 3 J isolations 
were tested for lysogenicity and conversion ability. 

page 12 As biochemical behaviors the followings were examined. 
In geptone broth medium, fermentation of glucose, 

mannitol, 
arabinose, 

dulcitol, sorbitol, inositol, maltose, 

salicin, 
rhamnos::, x;ylose, trehalose, adonitol, 

saccharose and lactose. 
In Bitter's medium, fermentation of arabinose, dulcitol, 

glucose and rhamnose, 
Beside the above indole production, gelatin.liwefacMon, 

milk coagulation, decomposition of urea and acetyl- 
methyl-carbinol formation were tested, 

page 13 I agree with your opinion "5' should be corrected 
to direction of antigenic changes found after exposure 
to antiserum. 

page 14 114)f'. The experiments for the statements "4)" were as 
follows. 

0 
A small number of phages from S. canoga were added 

,I.V to nutrient broth in test tube. 
mixture S, 

In th?s Fhage-troth 
anatum was cultivated at 37OC for 20 hours,, 

The bacterial (3611s were centrifuged., the supernate 
was removed, 

\ L and the filtrate was added to broth culture of S. 
filtered through Chamberland L3 filter 

t t anatum which had been incubated for about 8 to 10 hours. 
After further incubation for 3 to 4 hours, phage suspen- 
sion was obtained by centrifugation and filtration and 
phages were propagated again in the same way as 
described above. These processes were repeated through 
several serial passages, and finally phage suspension 



Cells of S, butantan (or SD anatum) were mixed with 
phage suspension, kept at room temperature for 30 to 60 _ 
minutes and plated out on agar plate. Many antigenic 
variant..; c63ronlEea i.3 were found the folloting day. 

(!Bhisor w hfgh-~r__Sl;O.ck..of phage 
is so routX;Iie' %pra-t ,it aid-w&---s-urn--enter my head-&t 
record the- at;love,exp,eriment. ) ~- . 

Title : I am all for the title you have suggested. 

page 1 and 2, and page 16 section 12). I respect your opinion. 
Kindly do what you think would be best. 

page 18-19 15). You have suggested a shorter summary. I should 
think that it would not be often for non-member such 
as I to have his papers accepted. So I feel that I 
should take advantage of this opportunity and.-pfit in 
as much as I can, for I have no idea when my next chance 
will come, What is gour opinion on this, Professor ? 
However, I have included a shorter summar.)r in case you 
think I will be given another opportunity. 

Shorter summary of 15) : 
Taking H antigens beside 0 antigens into consideration, 

w2ien 0 antigens cf S, anatum, S.nyborg, S. meleagridis 
S. give and S. Uganda are altered from 3, 10, to 3, 15, 
these strains are changed to forms which BreJbndQtingttish- 
ble from S, newington, S. selandia, S. Cambridge, S.w 
new brunswick and S, kinshasa respectively. On the 
other hand mmparison of the sources from which they 
were isolated shows thate-ach pair of S, anatum and So 
newington, S. nyborg and S, selandia, S. give and S. 
new brunswick, and S. lexington and S, illinois has 
been fsolated from similar sources respectively. 

Besides, the corresponding two types are identical 
or almost identical in biochemical behaviors with 
each other, 

These findings may suggest that type strains of 
E2 group might have been yielded as aTresult of 
Infection of El groupb organisms with phages, in nature, 
and this might be supported by the fact that more 
types have been isolated in El group8 than in E2 group 
and each tlJfp&2:9n~~@~t:Y-*-:: has its corresponding type 
in El group. 



Activity of bacteriophages obtained from E group 
organisms inducing changes in 0 antigens o ?r El 
gr&p organisB+ 

PHAGES 

E;t GROUP STRAIN 

2 % 
. . 

No, Type 

76 s. ildomori 
7 

‘g 
S, give 

6 1 S, S, anatum 293 
82 

amager 2399 
Zanzibar 

83 
s. 
s, shangani 5628 5630 

101 S. Uganda 
189 s. butantan 
119 S, vejle 
10 

i: 
S. meleagridis 

2 
2 3 2 

S. elisabethville 
s. simi 

139 S. weltevreden 
190 S. orion 
123 s. lexington 
273 s. macallen 

c. 

tr 

+ 

+ 

+ 

t 

c 

t=Antigenic changes from 3,lO to 3,15 
-= Antigenic changes from 3,10,to 3,10,15 
-= No antigenic change within 6-10 subcultures 

+0 

- 

- 

+ 
t 
t 

jr-standard strain number designated by F, Eauffmann 
O-Plaque formation 



TABLE 2 

Changes in tLe 0 arti.Es of Ei; group organisms, Induced --- -.. 
b;y bacteriophages obtained from E? group organisms .- 

ANTIGENIC 
PHAGES E3 GROUP STRAIK 

C'IAI:GES 

No: From TYPO 

$5. chittagong 

To 
Am 

.9 
-9 

- 

S. newington C2 
P. canoga 

- -- 

mlxtllre I 
88 c LI. niloese 1236 

S. senftenberg 
Aa' 

S. canoga 

S. canoga 3 t 3915 

1,3,15,19 mixture % 
S. canoga 

S. senftenberg- 
simsbury 140 t 1,3,1-9 

1 

I - 

S. senftenberg 
331 - HSlO mixture # 

--. -- 
1C 

. 

+ Antigenic change 
No antigenic change within 6-10 subcultures 

3% Same as in fable 1 
$ M;;;u? of hages, obtained from S. newington, S. sclandia 

, ne 4 runswick, and I,19 ant.iserur,:, prepared bv 
absorbing S. niloese "0" antiserum with S. londcn. ". 



FIHsT 
KEPWT 
1919-20 

1937 

1936-37 S. nyborg 
1937 S. selandia 

1937 

1941 

1947 S.cambrid?e 
1940 S.lexin@on 
1941 S.illin0i.s 

1940 
1950 
lci49 
1930 
-~~ - 
1929 

-___ 
1942 

TYf'r, 

S.anatum 

S.newinqton 

S.pive 

S.new Grunswick 

S.me1eagridi.s 

S uaanda -*- '-' 
S.kinshase 
S.canoga 
S.senftenberg 
var.newcastle 
S.senftenberT 

S.simsburg 

TAP.& 3 Comparison of the sources between closely related pairs of types 

IzwLA’l%u Niw 
Animal Human 

Dccklinys (U.S.A.) Retail pork (U.S.A.) Infantile diarrhoea (Uru.) 
Chickens and turkeys (U.S.A.) Feces of healthy persons (Hunn.;U.S.A.) 
Amer.sprxp-dried eqys (2.3.) Food poisonin? (?,;:I.) 
X.AI of' normal ?ios (U.3.6,;lLex.) Gnstroenteritis (U.S.A.) 
Silver fox (U.S.A.) Doq (U.S.A.) _.~___ ~~~~ __. 
Ducklings (U.S.A.) Retail pork (U.S.A.) Gastroenteritis (U.S.A.) 
Chickens and turkeys (U.S.A.) Sewage (U.S.A.) 
Amer.spray-dried e:r! ("I.E.) Carriers (U.S.A.) 
XL% of normal oiqs (U.S.A.;Uru.) 
Silver fox (U.S.A.) Doq (U,S.A.) 

Gastroenteritis in a child (U.S.A.) - 
A young sailor with fever, lung symptoms 
and diarrhoea (Den.) 

GLN of pormal pigs (U.S.A.) 
Retail pork (U.S.A.) Chickens (U.S.A.) 

Long-standing diarrhoea (Spain) 
$astroenteritis;&nteric fever (U.S.A.) 

Gastroenteritis oi' do.7 (U.S.~L.) Carrier (U.S.A.) 
Arner.sprag-dried eecs (GA) Dog(Xex.) ) ~~ _.~~__ 
S1LN of normal pi.:s (U.S.A.) i fastrocnteritis in a woman (gen.) 
A baby chick (U.S.A.) Do? (U.S.A.;Mex.) 1 A patient who had returned from tropics(Den.) 
Turkey poults (U.S.A.) 
MLN of normal pig (Eex.) 

Typhoid-like fever (Venezuela;l$edit.Area) 

Reptiles (U.S.A.) Dog (Xex.;U.S.A.) 
Infant diarrhoea (Uru.) Sewa.ge'(U.S.A.) 
Gastroenteritis(U.S.A.) Sarrier(Keciit.Area) 

Amer. dried eq,os (G.B.) Ge;:dn soldier(Xorwag)Food poisoninq(Medit.Aren) 
A soldier surferinp: from Sonne dgsentery G.B. 

Turkeys;MLN of normal pi? (C.S.A.) Carrier (U.S.A.) 
Turkeys (U.S.A.) Piqs (U.S.A.) 
Hungarian oartridses (U.S.A.) 

Gastroenteritis(U.S.A.) Carrier(U.S.A.) 

Pyrex&a oxf+unknown orinin(UJanda) -&A-. 

lO-day old poult (U.S.A.) 

gof normal piqs (Xex,) 
Turkeys (U.S.A.) 

.- ~___- 
Normal human feces(U.S.A.)Gastroenteritis(Tcledit.Area) 

ULN '- Zesenterial lymph nodes 
Summarized from: Rubin,H.L.ct al. 1942 Am.J,tIyg., 'j1,43-47;Hormaeche,E.et al.1943 &. J.Diseases Children,&, 

539~STl;Edwards,P.R.et al.1943 J.Infectious Diseases,72,58-47;Cherry,W.B.et al.1943 Am.J.Hyq.,37,211-215; 
Sruner,D.W.et al.1947 Am.J.Hvo ,,.,45,19-24;%olff',A.K.et al.1948 Am.J.Public Health,38,403-408;%lson,G.S.et al. 
1948;Breed,R.S.et al.l9.!+8;Felsenfeld,O.et al.1951 Zentr.Bakteriol .,?arasitenk.Abt.I Ref.,149,35l;Ball,M.R. 
1952 Zentr.Bakteriol.,Parasitenk.Abt.I Ref.,150,548;Varela,G.et al.1953 Zentr.Bakteriol.,Parasitenk,Abt.f 
Ref.,151,373;Gvrham,J.R.et al,1953 Zentr.Sakteriol.,Parasitenk.Abt.I Ref.,151,373. 



12B (Inmrt aa indicated at page 12). 

and antigu~ic variontr were made aftar thirtq mint&w dpoaurm ta tha 

phega (tabh 3). Thh4 6xperiJwnt r6Ymled the follow*r About om- 

tmntfrth of the treated wlls sprrirsd. About half tie surviw aolonio8 

nuab6r of trm8lu#aMt uolo&ws mre al8o re+n, au of t&me al8o vlwianb. 

8. MtttUA. llibr MY8Pti pik889#iBl, a 8wp6nrion tftratibg 4x109parsl 

wu obtaimd, f'hiar phq8,uhiah had bsen8ewiallypropagat8d onS. anatam 

wa8 8tiU. dicrath in conwwttng 8. Mattam and 8, butttntan. &us tha 

trm8duatioa, Zindar and Ledarbrg, 1952). 



Yany fqperr sharing 0 antigens 390 ham been irolated whioh, with reapeab 

to tkb%r fl 8AtfgeniO Ct~6X68, W6 8i.dhW ti UOlTWjbOnd~ 3,15 SOX’Ot47jXb8 

(e.g., 9. anatum- 3. a-j s. nyborg- 5. sebndia). A aon8ideration of 

th8 origiaa of #88e strdnr maggsets t&at th6y ham been found from siaflar 

80~2-008. %J crorreapondtrg painr also tund fro be swar in biouhemimR behavior. 

It i8 th6r6fofS auggS8t8d that the expWimMtaL ih6~OnWE8iOn8 have bsOfl 

paralleled in natum that eaah ;irll mrotypa may be sxpeoted to ham an 

E2 oounturpert. 



Table 3 

Surrival adl antigenic, variation of S. anaku oxposad to phag8 

Dilution 

Ad.iva phage, 5xI.08/id 104 
PI- 

E. &Q&jm UP/d 10-4 

H4atinactivatedphage 10 -6 

PI- 
& anatum lO*/ml log7 

. 

colonies 
(amwage 
f-5 

plater) 

4l6 

40 

1ob 

m 
7 

Tranellle8nb oolonfar 
(al1Yariast) 

20 

2 

0 

0 

btigs& variant8 
(pr 50 ma- 
txwmlrurrnt 
4301Od48 tO8tld) 

33 

22 

0 

0 

A phqo saarpenslon from & aamaa wa8 dxod with oells of S. anatrur (XI hour -- 
agar plats oulbr6) atrooatwp8ratur6 for frirty minutes kfore plating.~ 50 

ofcr8chaxpsrimat 
of a3sIffio8 uolon3.&1tm teated with 15 antiawrum. 


