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SUMMARY

The protein seructure of temperature-sensitiv* mutants of tobacco tqoaaic

virus isolated after treatment with nitrous acic has been determined. The

results obtaiiad for 15 mutants, presented in this and the preceding paper,

are diaou-,sed with relation to the spatial structure of the virus rod.

I NnuDNCTION

In the preceding paper (1), the exact location of amino substitutiona

in spontanevoslT occurring temperature-sens itive mutants of the tobacco mosaic

virus (TW ) were described. In the prpsent comw-nication are described protein-

chueial investigations on such temperatiire-senastive mutants of TV which mere

isolated after treatment with chemical mutagena.

MATERIALS AND IETW")S

The protein-chemical methods employed in the investigations on mutants deo-

tribad here are identical to those previously given .n detail (2, 3).

RESULTS

The mnutnte described here have arisen either from the TMV strain vla

or from the spontaneous mutant A1i, and have been isolated after treatment of

vu are or Ail with nitrous acid. Of the numerous TMV ,aterts which have been

..lnted "Av stud-A• ofiter trw.ul Wit c, Cr. e "i

qdrylooia, or 5-fluoaouracil), only those which could not mnltiply ot all

at temieratures above 30 to 350 and only slightly at temperatures of 20 to

250C were e*loapd in thmas InveatigiLtons (5). With most other mutants, virus

roplIcations im n,. affected s0 strongly by temp'rature. Protein-ehemical in-

vestigationa on these viruses are described in other papers (6).

In the &ase of the mut-nts employed here, with the exception of Ni-2516

ard tI-2519, the ateent or very vis rwk-,e1 Wplicatton at ,4.;h t•-_pere!t!uree ip

accompanied tV the inability of A-protein to Aggsgate at high teoperaturess

sum&
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if one removee the RNA of the virus and diaggregates the protein core into small

subunits, the A-protein will reaggregats Into rude in ths case of the _-are

strain aTd marW mutants. This protein reaggreg&tion takes place as well at

high temperatures &a it does at low temperatures it, the case of the vu__gare

strain and many mutants. In the case of the temperature-serAsi.tive mut-nts,

this reaggregatior does not occur at all at high tomperetures 1.51). With the

exception of the mutanto Ni-2516 and Ni-2519, temperature s•rsitivity and

extensive suppres•Jon el' wi-us replication at high temperatures can be corre-

lat-4 %,+kot * fm:-t 7A ;-'n- : a subs•TItutiorn in the virua core protein.

Ni-ll_8 This mutant was isolstad after treatment of the TMV strain

with nitrous acid (2). The lAf deformation produced on Nicotiana tabacum var.

Samua is less that produced by the vulgare strain. In contrast to the systemic

infection cn Nic. tabecum var. Java produced by the vulgare strain, NI-U18

produced a localised infection on his host plant.

After removal of the RNA, If t a virus proteia is digezted with trypsin,

the tryptic peptide T1 can be precipitated isoelectrically at PH 4.5 and the

supernatant placed on a DoWax-l Column. The separation and purification of the

tryptic peptides is carried out in the manner 1lready described in detail.

After three precipitations, -he tryptic peptide "I is separated from associated

peptidem by Sephadex chromattgreohyv diasolved in urea. and decamnoaed with

iodoacetamide. After removal of the urea and excess iodoacetajuide, chymotrypain

digestion (4 hours, 370, pH 7.8) is carried out. The chymotryptic partial

peptide is passed through atDwex-l eoliwn and purified by p&pir chromatography.

the *•werimental dtails are esegntially the sa as those taployed in previous

imestigatiois (2,3)6
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from amlysia of the tryptio peptides (Table 1), it can be seen that the

muk&ant Ni-11B differs from its parent strain aLgar, by, am amino acid subeti-

tution, namely praline -. 4l-euoinoe in the T1 peptide. This substitution can

be Identi•ted with the WNo 20 poestion b7 other analytical prododures carried

out on these peptidas (Table 1).

Pllit Although the spontarwous mutant, AIL, Is not tempe.rature-senitive,

it shoud stMll be ds~cribed hero smL4e from it all the following mutants that

are 6ascribod in this paper have been derived. The ka wledge o' its protein

structure Is essential for undieretarwiing the imvestiltisn on mutants arising

from it.

A24 vas obtained through a spontaneous mutation from the Yulgar. strain

(M). The mino asid sequene• of th& tryptic peptides of A14, which are described

in prseyous papers (2,j) wes obtai.-ed in the saw manner as here amL differs

from that oi the vulgar* strain ty the substitutton, isoleurine--- thrwo.nin,

in the tryptic peptide TIO, Further Investigations an the.e paptides (Table 2)

bham eocalisd the fmino acid sabstitution at position 129.

R 8 •In this came$ am is Icaligr with a mutant which was isolated aftar

nitrous acid t-ati.nt of Al4 and which Iproduces yellowir.Z on Nicotiana tabsum_

Yar*. Blam. Ths prowth retardation resulting from Infection mnd the leaf do-

formation, howeer, are generally less than those obseerved with anoaher yellow

mutanti, nhamely flavu.a

Mralwssa of the tryptio peptides showei a single amino acid substitution an

compared Iwo A14s - threxdrn -. ew Isol~excirr in the i.rypti.7 peptide T3. This

peptide was digested with Oh~aotrypsin and the cbhuotryptic peptide vat iso.ateod

(TaUSe 3). Through Additional proteirn.haseoal aralyses on the ehymotryptic

yep4essp T3 and T4,, the mi n aWA sqzenes substitution can be locaUsed

-- • .. .. . . .h: -djh. .h h _ _ .- _ A _ _ _ "•. . " . _ I l I
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at posltion 59 (Table 3 and Fig. l)ý

Ni-462i Symptomm' do not serve to aifferentiate this mutant wnich is de-

rived frcvn A"h from Ni-L58 om Nic. tabacum v'r. Samsun. Mutant Ni-L62, which

was induced with nitrous acid, can be differentiated from Ai4 from which it

was derived by the. presence of two amino acid substitutions: threonine a

isoleucine in the tryptic pjptida TI and serine -- isoleucino in the peptide

T3 (Tablb 4). Both peptides were split with chymotryr'sin and the chymotryptic

peptidea were isolated. As shown in Table 4, in position 5, AI" possesses

threonine while Ni-462 has isoleucine, and in poeltion 55, Wi-L62 has leuciru

and A14 has serine.

Ni-1!96: Ni-i196 ia a mutant isolated from All after treatment with
nitrous acid and gives a y2llowin Nic. tabacum var. Samaun. It is differen-

tiated from Ai1s by the amino acid substitution, proline -. serine in the

tryptic peptide TL. The substitution has been denionstrated by sequence analysis

of this peptide to occur at position 63 (Table 5 and Fig. 1).

Ni-1688t This mtas is derived from AIL (2) and exhibits on Nic. tebAcum

var. Samsun symptoms which are weaker and clearer as ccmpared to those of the

TXV strain. By analyses of all of the tryptic peptides, two amino acid sub-

stitutions were found (Table 6): proline * serine in poptide T4 and proline -ip'

1Ceuci!- in • Pp'-•.I TINN The subCtittution in the case of the T4 peptide is at

position 63 and in the cae of the T12 peptide, it is located at position 156

(Table 6).

Ni-iiM220 and Ni-2239i: In contrast to the mutants described hitherto, the

following have been isolated under experimental conditions which permit selection

cu• temperature sensitive mutants (8).

Additional studie* on these mutants have shown that they, as expected, are

4 ? temperature-sensitive, that is, ttey replicate at an intermediate temperature

(230C) muoh better than they do at a high temperature (320C). Also, in tr

AAWWW4



they can be described as temperature-sensitive mutantst after disaggr"gotioai

of the virus, the A-proteins are raggregated only at low and intermediate

temperatures but not at Ut high temperature. These findirngs sggest t ht

temperattre sensitivity in the case of these mute-to is related to amino acid

substitutions in the core protein in contrast to the temperature-resietant

AlL strain from which thby were derived.

MTei hypothesis was confirmed by the following protein-chemical investi-

gationt in both mutants it was found that the tryptic peptide Tl (Tables 7

and 8) had the substitution serine --- leucins as compared to the corresponding

peptide of ths p4 int virus AILo. n the cases of both Ni-220? and Ni-2239,

the subetitution ocourred at position 15 (Tables 7 and 8). In addition to

this substitution, Ni-2204 has still a secona subatitution, namely threoninr

- isoleucins wUich is located in the tryptic peptide T12. As shown in

Table 7, this substitution occurs at position 153.

ft-2I16 and NI-2519, Tie isolation (8) of these mutants was accomplished

after treatment of AlL with nitrous acid and was done under conditions which

made possible a relatively mild recognition of temperature-sensitive mutants.

An AIL virus preparation treated with nitrous acid was applied to Nic. tabcumi

var. Xanthi; the plant was incubated at 23 0C until. apearance of a visable

inffction~; t'"-Av- et a l( nJ d rina £1 at Only thos~e

le*sna which undervrnt measurable developftnt at 230C b•t not at 320C were

excised, hanogenisod, and applied to Nic. tabecum var. Samaun. In contrast to

all the mutants previously described, with Ni-2516 and Ni-2519, no correlation

between the behavicr in vitro and that in vivo could be mada t whereas both

mutants replicated much better at 23CC than at 320C, ti• reaggregation of theit

A-proatine took place only at the high temperature and not at all ot low or

intermediate t.aý,sra-rtu-. In thd rvupect, tey are different from all the

othwr ta ratre-aensitivy mutanta described.



The analyses of the tryptic peptldes of Ni-2516 and Ni-2519 showed no

differences in the amino acids between these mutants and the temperature-

resistant parent strain Alb (Table 9 and 10; regarding amides, see discussion).

The conclusion is thus confirmed that these mutants form a special class of

temperatuxe-sensitive mutants. The basis for temperature senflitivity cannot

ise in an altered core protein or in a reduced or absent capability of the

protein subunits to u-iergo aggregation at a high temperature. It is suggested,

therefore, that in these cAses, the temperature sensitivity is caused in the

following ways an enzyme necessary for virts replication and directed by the

virus RHA is altered by means of an amino acid substitution.

DISCUSSION

In the course of our investigations (2) on the genetic code, the core

proteins of same 200 chemically-induced as well as spontaneously occurring

TMV mutants have been analyzed protein-chemically. A portion of these mutanis

are temperature sensitive, and the protein structure cf 15 such mutants have

been described in this and a preceding investigation (1). The results are

shown in Tables 11 and 12. Since as of yet, not all of the 200 T"I mutants

analyted hate been tested from temperature sensitivity, additional temperature-

,eneit. mu..--ta maya 1* rou." in ctr mstorial.,

The tAmperature-sensitive mutants so far described can be divided into

- two groups: in the first group, which by far predominatt-c numerically, the

virus core protein, as a consequence of a chemically induceci or spontaneously

occurring mutation of the virus RNA, differs fr'i the protein of the parent

strain in question by the substitution of ono t) three amino acids. The

alered core protein can be used for an organised reaggregati n to rods at a

l- te.--ra -•• -. , - bui, not at a higher temperature (300), as is the case

rith th. parent strain. This tempireture-dependent inability for aggregation
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in the case of the mutants Of ýhb first grcup is very likely the basis for

%he fact that replication at a high temperature (320C), if present, is

sigrLificantly lower than that atan intermediate temperature (230C). The fact

tha. tha core protein of these t4emperetura-uonxitive mutants is not denatured

duri tVA abance of replication can be dentonstratAd by the fact that virus

particles replicating at 230 can endure temperature treatoent at 60OC. The

@es holds true far the A-protein and 30C treatment. Similar iveults to

these have been obtained in another system, namely the TL bocteriopý.age (9).

In the cas of the second grour of temperature-sensitive mutants to

vhich Xi-2516 and Ni-'.19 1elong, the smino acid dequerces of all the tryptli

pepLtdes are the a as those of the temperature-resistant pare it strain.

(When indirect amide determinations were carried out, no differences in the

the chro•,aographic and electrophoretic behavior@ of the peptides were ascer-

tainasl| to be sure, this is not exact a ough to exbldde auido dife nces

in larse peptides such as Ti. If aid. differences should exist, then they

hove no influence on th. aggregating capability of the protein subnits as

In vitro experiments have shown.) As expected, the disaggregated core ]rotains

of both wtants Ni-2516 and Ni-2519, as well as the protein of the parent

strain Al. reagpagate at low and high temperatures equally wel.

Tim extensive Inhibition of virus replication at high temperatures cannotj,

therefora, be duo to the interuption of the aggregation procesa of protein

subunits by high tmperature in the case of these mutants. Thus, the following

bkqyptheeie It offered. the ciatron for the determination of the core protein

mounts to about 7.5 % of the TMV RIA if orm assumes a triplet code. In the

ease of treatment with chemical mutagens, not all of the nucleotides that aor

altered we involved with the virus core protein. Weleotidos may be altered

which,, mong other things, probsa~1y determine the protein structure of enzymes

whh are naoeesseary for v" u synthesis. Amino acid substitutions In these



enzymes, as well as in the virus cnre r.-titein, could lead to ftnrtional dampge

under certain conditio-. (srch as temperature increases) and thereby lead to

a partial or ccmplete inhibiticn of virus replication .

The experiments with temperature-sensitive mtonts shoued clearly that the

subetitution of a single amino acid is enough to alter the virus protein

sufficiently ao that under the appropriate conditions, little or no virus can

be synthesised. The following mutants provide such examplest In these Cases,

the difference An a singls aminr acid Jertween these ind tiit temperature-

resistant paretit strain is sufficient to provide conplete or partial inhibition

of the aggregating capability of protein subunits at high temperatures (table ll)t

Ni-22?9, vith the substitution serone -ý,- leucins in position l1; flavum with

aspartic acid -.. alanine in position 19; Ai-ll with prolir--- -p. leucira in

position 20; Ni-458 with threonine -w. isoleucinr in position 59; Ni-1196 with

proline -w serino in pool tion 631 and CP-4l1 with asparanse --o. lynine in

position T•O. In this connection, it is worthy to note that in the case of one

of the ThV mutants (10) with two amino acid substitutions (11,12), the protein

suburdte of the core protein are able to aggregate into rods in an orderly

fashion at all temperatures both in vivo and in vitro.

The ability of a mutant to be temperature-sensitive as -eli as resistznt

example, the mutants Ni-118 and Ni-1927 can be differentiated from each other

by the fact that in the former, the substitution proline -'! leucine occure in

position 20 while in the latter, the defect is located at position 156. One

of these mutants (Ni-118) is temperature-senaitive while the other (Ni-1927)

is temperature-resistant. The sate holes true for other substitutions, for

exaRple, throonine -- r isoleucina in different positions of tamperature-sensi-

tive an well r e resistant mutants.
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In thia retpect, it td of interest to cmpar. the primary etructurea of

arO, flrm•., •eflvescena. and revirescens (T 'ls 12), If one disregards

SPosition 138, wrach has no eignificarce with regards to the question of

taesperature-saonitivityT ( and revirescens differ from each other only

C. this position and both are taperature-resistant), then the four mutants

differ fro each other cnly at position 191 flmrum has slanine; reflavescens,

Vali•a- and vulgare nSd r-virescens have 6sp"rtio acid. While tV first two

* Rants a tswNratur*-sensitive, the last two are tempesrature-rasaiatant.

In #be cas of otherwise identical amino acid esquerces, the rAture of the

S ino acid at t.his pcittion id decisive: the presence of aspartic acid at

position 19 enuove the protein with the property of aggregatirng cormc'.1.y

at a high tompersture. If this inwio acid is replaced tt alaidne or valine,

thou tat agregating capability is loot and, to be sure, in the case of asmnins

amm strog)y than with valin.

Important for t0e question of temperature sensitirity, that is, the loss

of the sbl.ity to aggregat.e e-r ctly brier given conditions, i& the conbina-

tion of a given emine acid with, a given position in the protein chain. ?Ixt

tU the question of the nature of the substituted smin- acid (hydrophilic,

hydrophobic, acidia, basic, or aroatic side chajia), the position of the

substitution within the secondary as well as the tez iary structure of the

pr'otein gub'anit to Important; that is, dcoO & p~arti&,'Aa &;!noaci tP!*

alpha-helix lie in the vicinity of the suburit surface or more towards the

Interior; does the nro amino icid induce an important linkage for the three-

dimensional etructure of the protein subunit, etc.

As soon as the three danaional structure of the protein subunits has

bran isliaidsa, thU nmrous TM uftants (2,i.6,13,Ui) for which the emiro ac&i

wsbetitutie have been identifitd, partioularly the ta4ratuare-4wws-so

I|
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mutantap will provide , roductive groudrs for the correa3lion cf investigations

on strutural problems with the aggregation and stability of TMV protein wub.-

I~ite.
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lMuqtant $ub-ititution Position
,--- avur Asp -Ai1

A•,li ~ V ah l ,c I0

I et I'he I3 I

eI r.E PU,, 10

l - p 1it)

1 iP 415 AaIN--I %i 140 1

Nu IIl Pro- I 20,

A 14 h'u-.Thr 120

N I 4'u Thr- I eu U9

N't 462Thr-H!eu 1
Se r - Le u .

N I I Ii Pro- -Ser 0

Pro- Lou i,50

S i 2.. 04 ,'twe-. u 15Thr-Dleu I "

2. 223 9 Ser - Leu is
N' 2.%in
S 1 25%19

Table 11. Nature and po iticn of amino acid
subetitutions of mutants des-ribed in this and
the preceding inivestigation (1). The mutants
dif.*er from the parent virus by the substitutions
indicated.

1I0 15 19 241 5 .9 113 129 13 1, 441 I1i I

r "',r 1'he ' r Amp ' ,, ""r The Pro !:,,I S. r A..N Thr ]'ro
w, il Thr i'iio tr Almi Pro ,, 'r I hr 'ro I qo 1-r A•.p\ Thr Pro1E ,. Ti r lJ1u N. r Vid I.r. t r Tire Pro lu l'Phe As.N Thr Pro

1t .. M. •n ,.r , n. -"C r'rn ,,r I}fr V.r, u 1i. IA •S , i ,r rro

I it' lir I'he Ner ,\p Pro s-r "'lT Pro I i,, 1'e .\i1,"' Ther iro
T.i' 4r T *. 'hi -r Amp. Pro ,,r TIi r Pro 11t , . : lS, .i- Pro•, ~ Th ' , F~ 'he Ne•r . Le•, lu ý r r 1'~ 'ro Iiu .c \IN ".l r
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N .230 Thr Phe iLu Asp Pro S-e Thr Pro Tir wer AsIN Thr Pro 1
X 2. ! 6 Thr ]'he Ser Asp Pro Ser Thr Pro Tihr Ser Amp\ Thr Pro
N.i 2A19 Thr Plhe hr Asp Pro Ser Thr Pro Thr Ser A-pN T- Pro

Table. 12. Primuary strumctwre of the nmutanta describsd in this and the

preceding investigation (1). Other than the positions indicated, the
amino acid a nquenes of the wAtantei are the sae as that of the TNV
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