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The assignment of codons in Halobacterium

cutirubrum for some of the acldlc and basic amino acilds

was undertaken. Although trinucleotldes could not be

used 3uccessfully dn the halophile riboscmal bindling system,
the unfractionated aminpacyl-tRNAs responded to the . I;
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established codons in the heterologous binding system

using E. coli ribosomes. This suggested that H. cutirubrum
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. ' uses the established code in full.
f . Two species‘of lysine accepting tRNA were

purified. Their coding response to Poly(A) and Poly(A,Q)

was studied. tRNA%yS recognized both AAA and AAG codons

while tRNA%yS recognized AAA preferentially in both the

homologous and heﬁerologous ribosomal binding systems.

i1 I



W 1 I o il i

ACKNOWLEDGEMENTS

I wish to thank my supervisor

.Dr. S. T. Bayley for his help, patience and

encouragement throughout thls work.

Thanks are also due to Mrs. Vivienne
White for her help in some of the preparative
work; Mr. Colin Dingle for hils advice on cebtain
chromatographic procedures; McMaster University
for financlal support and Miss Judy Street

for typing tHis thesis.

iv




AT,

ol

TLUITR M e TR R TR TN A DT

BN A

gy e P

| babioicsivni

II

III

Table of contents

INTRODUCTION

The Genetilc Code
Transfer RNA
The Halophilic System

MATERIALS AND METHODS

Section I. H. cutirubrum

a)
b)

Growth of Bacteria N
Preparation of Biological Extracts

Section II. E. coli ,
Preparation of Biological Extracts

Section III. In Vitrd Assay Methods

Section IV. Ribonucleotide Templates

Section V. Chromatographic And

Purification Procedures

Section VI. Determination of Protein

Concentratioq )

RESULTS

Section I. Ribosomal Binding Assays

a)

b)

a)

H. cutirubrum Ribosomal Binding System

for Codon assignments using Trinucleotides

Heterologous Binding of H. cutirubrum
aminoacyl-tRNA to E. coll Rilbosomes

- Section JI. Purification of Lysine tRNA

Determination of Km for Crude Lysyl-

tRNA-Synthetase

b)

L e)

e)

r)

g)
h)
1)

Time Course of Lysyl-=fRNA Formation
Optimization of ATP Concentration
Effect of Magnesium Concentration
Preparation of Synthetases Free of
Endogenous, tRNA

‘Purification of tRNAMYS on BD-

Cellulose

RPC-5 Chromatography of tRNALYS
Acceptor Activity of tRNA Samples
Sephadex G-100 Chromatography and ,
Aminoacylation of Native and Renatured

Lysine- tRNAs .
I

page

\O\O

15

16
24

28

m

he -

51

53

5T -

57
57

59

63
68

LT

32 L ra cr ol
e

2 p
RN

A

PPN ANS. S5



. e a

Ko
4

Table of contents cont'd.

RAA

%. III  RESULTS o page: *
| . Section III. Properties of the two tRNALYS

% . Species ‘ "
{ a) Difference in the 3'-terminal Oligo- :

H nucleotide Sequences 75

; 'b) “Recognition of tRNALYS and tRNALYS by

2 E. coll Synthetases 79

¢ ¢) Coding Properties of tRNALYS and

: tRNALYS in High Salt g2

i d) Binding of tRNALYS and tRNALYS to , -

{ E. coli Ribosomes in Low Salt 85

% IV DISCUSSION : . 87
4 REFERENCES 95
T APPENDIX | 102

-,‘
.




List of tables ~

e

1

2

10

11

12

13 .

14

15

16

-

The Genetic Code

Allowed Wobble Péiring

o~ F
Reaction Mixture for the Bulk Preparatlon
of 5-60 Extracts in the Preparation of
Pre-incubated Ribosomes

Composition ©f the H. cutirubrum tRNA
Lharging System .

Composition of Reaction Mixture for
Determining the Elutlon Position of tRNALYS
after RPC-5 Chromatography .

Composition of the Reaction Mixture for
Determining the Specific Activity of tRNALYS
Species ' .

‘Composition of tle Reaction Mixture for the

H. cutirubrum Ribosomal Binding System 7

Composition of the Reaction Mixture for the
E. coli Charging System

Composition of Reaction Mixture for the
E. colil Binding System

Composition of Reaction Mixture for Synthesis
of Trinucleotides

Codons Tested with Trinucleotides 1q,High
Salt

Binding of H. cutirubrum '*C-AA-tRNAs to
E. coli Ribosomes 1in Response to Trinucleotides

Lysine Synthetase Ac¢tivity and.Lysihe
Acceptance Capaclty of“the Components
Fractionated an Sephadex G50 (fine)

Amino Acld Acceptance of Purified tRNAs with
Different Synthetase Preparations :

Ultraviolet Absorbance of Native and
Denatured Lysine tRNAs

Acéeptor Activity of Native and Reannealed
Lysine tRNASs .

vii

page

13

18
20

21
23 -
25
26
27

47

s

60

T4

77

78




- 354
y“&.:‘:fuw!
WA

o 33
Ve

A onotter
»

“n
o

17

s SEeP

»,
ot
AN
)

o3
3
[T

%

18

o

¥
C A
Z

<
o

B . . R
I 300 T R
g,

e

-

.

N
kY
T

.

Y0
I

«
R
Va8

¥,
T

Ja¥ie

ahr A
Peapdd A8 el
a LSO R
+ S

ok
f’ff‘f i
TS

Y

A=Y
e
.

Lol
A

e
3y
Sl

S

s
wp e
e,

Loy

.
Y

s

fa
5

NN RIS PRI Ty ¥
At e ity
..“9,', fecdior A4

popreandl

S LN
Rl

i
ageid
)

LY

Recognition of tRNALYS and tRNALYS py
E. coll Synthetases :

Ribosomal Binding of '"C-Lys-tRNALYS and
*C-Lys-tRNALYS as Stimulated by Poly(A)
and Poly(A,GS in the Homologous System

N

81

83

})



List of figures
. page
1 Growth of H. cutirubrum in Complex Medium 10
' 2 Partial Purificatibn of Crude tRNA on .
DEAE-Cellulose " 30
3 Isolation of CpApU by DEAE-Cellulose
Chromatography 33
4 TIsolation of ApApU by DEAE-Cellulpse
. Chromatography . ‘ 3
5 Isolation of ApApG by DEAE;Cellulose
Chromatography 35
6 1Isolation of GpApU by DEAE-Cellulose ‘
Chromatography . 36
7 Isolation of GpApG by DEAE-Cellulose
Chromatography . 37
8 Isolation of GpApA by DEAE-Cellulose '
Chromatography 7 ) .38
9 Chromatography of Partially Hydrolyzed '
Poly(A) on DEAE-Cellulose Column 50
¢ : ,
10 Determination of K, Value for Lysine .
11 Time Course of Charging of Unfractionated
tRNA with !'*C-Lysine 55
12 Determinatidn of the Optimal Magnesium
_Concentration for '"C-Lysyl-tRNA formation . 56
13 Chromatography of'S—150 on Sephadex G50 .
(fine) ' 58
14 Column Chromatography of !*C-Lysyl-tRNA on
BD-Cellulose: Gradient Elution 61
15 Chromatography. of '"C-Lysyl-tRNA on BD-
Cellulose: Step Elution 62 - -
16 Column Chromatography of !*C-Lysyl-tRNA on-,
BD-Cellulose: Bulk Preparation 64

hO-

17 Chromatography of Uncharged tRNA‘on BD- .
Cellulose _ _ 65



18

‘19

i 20

.
PSS!
3

T
> re
!

ot
o

2l

- >
et s
LT 2 g e
RS

N e R )

~
L

bY
Yoo
T

22

x
4 Tyl

23

ey Bt " . ot
{r}f"& 2 j:j\m)j‘“ e T
1 HE S

A% B 24

25

26

27

28

Purification of tRNALYS by RPC-5
Chromatagraphy

Further Purification of tRNALYS by
RPC-5 Chromatography

Further Purification of tRNALYS by
RPC-5 Chromatography

Time Course of Charging: tRNA%yS and
tRNALYS N

Purification of Lysyl-tRNA Synthet@ase
by Affinity Chromatography

Chromatography of Native and Denaﬂured
tRNALYS on Sephadex G-100

Co- chromatography of RNase T, Digest
of '*C-Lys- tRNALys and 3H-Lys- tRNALYS

The Effect of Varying Concentratilon of
Polyribonucleotide on the Bindin

- 1%c_Lys-tRNALFYS ang ‘“C—Lys-tRNAEYS £o

H. cutirubrum Ribosomes:.

Binding of tRNALYS and tRNALYS to E. colt
Ribosomes in Low Salt 1in Response to
Partially Hydrolyzed Poly(A) and AAG

Chromatography of !'“C-cyteinyl-tRNA-on
BD-Cellulose

Chromatography of J4cohistidiny1-tRNA
on BD-Cellulose

66

69

70

71

73

76

80

"84

86

103

104

| | epttemy ey



I. TIntroduction

The Genetic Code

The publication of the Adaptor Hypothesis (Crick, (/;'

1957) and the discovery of in vitro polyphenylalanine

synthesis directed by the polyribonucleotide, poly (U)

(Nirenberg and Mathaei, 1961) provided the basis for

deciphering the genetic code. Crick's adaptor hypothesis

| i
ST T WM Tt T AR )
b P . e

(later confirmed) postulated the existence of transfer RNA.

« e

.The results of Nirenberg and Mathael estaﬁlished the concept

of messengér RNA. With the use of random copolyribonucleotides

i TR R S T

in a cell-free protein synthesizing system, Nirenberg et al.,

X RN,

T T e 42
S AT

e

(1963) were able to assign fifty of the possible sixty four

PO gl
BN I

PR ..
5 "
o, i e g e

codons. However;, the order of the bases In the codons could

not be arranged by this method. The problem was resolved -

with the development of the ribosomal binding method
(Leder and Nirenberg, 1964) which permitted the use of one
trinucleotide at a time. This approach eliminated the

possibllity of doubtful assignments using random polyribo-
) . ' L4

nucleotides. Khorana and his co-workers chemically

o synthesized.the sixty~four possible codons and used them

in the ribosomal bindihg system‘to‘bpmblete the codon
assignments. 'By 1966 only the assignment of the termination'
codon UGA remained. Table 1 ShOWS'the genetib code as 1t

is now accepted. It is clear that 1t 1s a triplet code

and that 1t 1is degeneﬁ%te - 1.e., several different triplets
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Table 1: THE GENETIC CODE
2ND LETTER
] C A G
PHE - SER TYR cYs u
PHE  SER TYR CYS C
v LEU SER ochre umber A
LEU SER amber ﬁTRP G N
LEU  PRO HIS ARG U
LEU  PRO HIS ARG ©
. ’ LEU PRO GLUN ARG A N
- LEU PRO GLUN ARG ¢ b
& ~ 2
% ILEUg THR ASPN  SER U8
i o™
ILEU THR  ASPN SER c
* ILEU  THR LYS ARG A .
MET  THR LYS ARG G
VAL  ALA ASP GLY U
VAL  ALA ASP GLY c
: VAL ALA  GLU GLY A
VAL ALA  GLU GLY G

- PR S At e i S " { oo B
i YRt Fans PO S v
M “
- - LT

b e Y,
.
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P
<0,
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can code‘one amino acid. The latter willl be discussed

further in the following se%ﬁion.

[N

Tra%sfer RNA

Transfer RNA molecules, the 'a@aptors' predicted
by Criif (1957) occur in all living organisms. They serve
to car;y the correct amino acid to thé site of protein
synthesis on the ribosome. ‘In order to perform this
function each transfer RRA molecule is éovalently bonded
to'a specific amino acid. Thi% reaction 1is catalyzed ! - e

the cognate aminocacyl-tRNA synthetase. Three consec .* :ve i,

bases constituting the anticodon on the transfer .~

interact with a specific codon on the messenger "', uounld ‘ ﬁ%@.
to ribosomes. The codon and the anticodon are @ jae-palr | @%5
in an antiparallel fashion. While codon-ant ' ign irt e =
actions use the standard base pairs (A=U ... 139} T e
first two positions from the 5'—end of Co codon, »ioe
(1966) proposed that there may be son. 'woblLle!' "o the
pairing of the thifd base. The poc: it [v k::; S A qflowod
by the"wobee'.hypothesié are 1..° 4 in U ., ihe
. g P
wobble hypothesis was propose:t © oxplole ¢ temenero s
of the genetic code. Furthcr, 1t postu’ oo the mininus
. '
number of isocaccepting sy ‘o of LB sar amins o ldg
Fo;‘instance, glycine 1. roee e MEERES SINTRATS NN FIURPRE FAN & 0¥ o
i:he; allowed’wobble b ‘{ui';l’i‘, R ST R SR M.- prediet
at least two 1soace-jtins ‘.11: o e pEn AR The poscihle

anticodons may t- ittt o



Table 2: ALLOWED WOBBLE PAIRING

. ANTICODON CODON
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GLY CODONS POSSIBLE ANTICODONS
GGU ] -
- CCG CCI
GGC _ OR
GGA .
-CCU
GGG _ cce

For an amino acild coded by, say, the triplets XY%, a tRNA
with G‘in the first position of its anticodon would suffice
in translating both codons in protein synthesils. However,
examples of isocaccepting tRNAs for amino acids specified
by th codons are available. The coding properties of
some .0f these specles are not consistent with the response
predicted by the wobble hypothesis. Complete and partial
nucleotide sequences of some tRNAs show tHe presence'of
modified riucleosides in the first position of the ahticodon
which acc;unt for restricted reading of degenerate chons.

In view of these facts, it is pertinent to ask
what function(sd tRNAs subserve besides the 'adaptor' role
| in proteln synthesis. tRNA has been imbligated in the
regulation of gege expresslon and in translational control.
From chromatographic profiles, isoaccepting CRNAs vary in
amount and number under different growth conditions, 1in
different tissues, in normal avd transformed cells, during
diffefentiation amd phage ‘Infection (Sueoka ahd Kano—Sueéka;.
1970),‘ Nishimura (1972) has suggested that 2-thiouridine

derivatives 1in the first‘position of the anticodon prevent

mispalring with U or €. His, Tyr, Asn and Asp tENAs, having

\
\

A Y
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the unknown nucleoside Q in the ldentical position;
recognize codons ending with U more efficiently than those
ending with C. Whether Q functions in a manner similar

to 2-thiouridine derivatives 1s not knowrni (Harada and
Nishimura, 1972). ‘

Although some modified nucleosides fn or adjacent
to the anticodon may be involved 1n ensuring fidelity of
translation, this_view might be too simplistic. The role
of ribosomes in 'anticodon checking' of an.aminoacyl-tRNA
before insertion at the donor site has been p;oposed
(Swan et al., 1969).°  The work from Gorini's

laboratory on ribosomes from streptomycin resistant mutants

strongly supports this concept.

The Halophilic System

It 1s evident that the genetic code 1s universal
to bacteria, plants, amphibians and mammals (Marshall et g;.,
1967; Groves and Kempner, 1967; Beaudet and Caské&, 1967).
1t is known, however, that the fidelity of translation in
a cell-free system can be influenced by external factors
such as aminoglycoside antibiotics (Davies et al., 196H),
genetic suppressors which alter combonents of the protein

synthesizing machinery (Capechi and Gussin, 1965) and high

"ion concehtrations (Szer and Ochoa, 1964; Nishimura et al.,

1969). It is therefore pertinent to ask whether the genetic
code énd the protein synthesizing machinery have been

significantly altered in the extremely halophilic bacteria.
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Halobacterium cutirubrum, an obligate halophile which was

studied here, requires almost saturated salt $olutions for
growth and has iqternal concentrations approaching saturation
(Christian and Waltho, 1962). The interest in the genetic
code in the halophiles stems from the fact that the enzymes
and struétural proteins studied to date have a higher

content of acidlc amino acid residues compared to similar
proteins from non—halophific bacteria. Bayley (1966) who.

e,

studied the ribosomal proteins of H. cutirubrum suggestgd

that the acidic nature of halophilic prpteins may .be the
result of altered codon recognition. It is clear from Table
1 that many of the codons for acldic and basic amino aéidsf
differ énly by the first base in the codon. Thus, misreaaiﬁg
of the purine residues G and A would result in glutamic acid
being inserted Instead of lysine and aspartic acid insteadl of
asparagine. Bayley and Griffiths (1968a, b) and White and
.Bayley (1972b) investigated the fidelity ot translation and

>

the genetic code in H. cutirubrum using a cell-free grotein

syntheé&zing system or the ribosomal binding technigque with
random copolyribonucleotiges. The twenty-eight covdons
assigned ty these authors, all agreed with the estébiished
code. Not all the acidic and basic amino acids were
investigéted and the results only partially ruled outl the
possibility of alteréd codon recognition. Thils work showed,
however, that the‘genepal feéture; for the protein ﬁypthesi§‘

system was identical Lo those from non-halophlles in that it

required PEP, ATP, GTP, ribosomes, fransferases, aminocacyl-

{
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tRNA synthetases, tRNA and messenge% RNA. The halophile
system differed in requiring nearly saturated salt (3.8 M
KCl, 1 M NaCl and 0.4 M NH,Cl) for optimal activity. White

and Baydey (1972 a, b) examined the tRNA from H. cutirubrum.

Some tRNAs were recognlzed by E. coll aminoacyl tRNA

synthetases and many could be used in the E. coliiribosomal

binding system. The results indicated that halophile tRNAs
3 o
were not fundamentally different. from tBNAs of other organisms.

Ribosomal RNAs from H. cutirubrum are similar in size and

composition to those of E, coll (Visentin et al., 1972). It
is not pos;ible to demongtrate the presénce of 1scaccepting
specles of.tRNAs as well as restricted recognition of
degenerate codons without fractionatlng the érude tRNA
preparations. Sinqe tRNA has been imélicated in modulatiné
several biological processes 1t was pertinent to ask whether
isocaccepting species of hélophiie tRNA exist beside the two
tRNAMEY species (White and Bayley, 1972c¢c) and two of tRNAFPDe
(Griffiths, 1970).

Thus, the objective of thils study was to continue
the work on codon assigﬁments for the acldic and basié amino
acids in order to test the hypothesis pronosed by Bayle§
(1966). The work also enfailed the purification of tRNK Y S
and an examination of coding proper&ies since purified tRNAs
may also be used'in‘exahining the genetie code. 4It was
hoped thaf such a study would proviae a better understanding

6f how the halophilic protein synthesizing machinery was

modified in adapting to the extreme lonic environment.
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II. Materilals and Methods
METHODS

SECTION I. H. cutirubrum

a) Growth of Bacteria

H. cutirubrum strain 9 was grown in the cgmplex
medium of Sehgal and Gibbons (1960) with the exceptigi
that 10 ppm of Fe?* in the form.of ferrous sulfate was
added and the final pH of the medium was adjusted to 6.2. g

For the preparation of tRNA, cells weré harvested in late

log phase after 36 hours. For all other preparations,

the cells were hharvested in early log phase after only
16-18 hours (Figure 1). 1In both cases, cells were harvested
and washed as describeg by Bayley (1972). If necessary,

they were stored at -60°C until required.

3
» % . . |

. .
b) Preparation of Biological Extrécts{(All steps at 0-4°C)

+

i) Preparation of S-150

‘Cells were suspended in.a volume of solution D'

" {(3.0M potassium chloride, Q.1M magnesium acetate, 0.01M

Tris-hydrochléride (pH 7.6) and 0.008M 2-mercaptroethanol)

equal to the wet weight of cells together with 1 mg of

"electrophoretically purifiied DNase per 30 ml solution D'.

~ The ¢ells were then homogenlized, either 1in a glass Teflon-

Potter-Elvenhjem homogenizer or in a Sorval omnimixer at

-

top speed for 5-10 seconds. The homogenate was centrifuged



Figure 1:

GROWTH OF H. cutirubrum IN COMPLEX MEDIUM

12 1 of medium were inogulated with 6C0 ml
of a 2h-hour culture. Turbidity was read
in a Bausch and Lomb Spectronic 20

colorimeter at 660 nm.
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once at 40,000 x g in a Sorval superspeed centrifuge.

The supernatant was retained and centrifuged oﬂce at
150,000 x g. The resultant supernatant was dialyzed
agalnst a large excess of solution D' for 4-6 hours. This
constituted the S-150 supernatant. The S-150 preparation
was frozen in liquid nitrogen gnd stored in liquid nitrogen

for up to two months or at -60°C for shorter periods.

i1) "pH5" Synthetases

The pH of an S-150 extract was adjusted to 5
by adding 1 M acetic acld with stirring at 0°C (Griffiths

and Bayley, 196?51\ Stirring was continued for an additional

20 min. The resulting precipitate was collected by
centrifugation, resuspended in solutign D' and dialyzed ‘
against a large excess of the same for at least 4 hours.

The preparation was fro&en and stored as described above.

A

1ii) Synthetases Free of Endogenous tRNA

S-150 supernatanE‘was passed through a column
packed with Sebhadex'GSO (fine). The gel was swollen in
solution D' and elution was with the same buffer. Detalls
of column procedures appear*in Section V.

The peak fractions containing synthetase activity

-

were pooled and the synthetases were concentrated by dialyzing °
against a 100% saturated ammonium sulfate solution. The .
precipitated proteins were collected by centrifugation,

resuspended in a small volume of. solution D' and dialyzed
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* against the same for U4-6 hours. The preparation was

frozen ahd stored as described above.

iv) Preparation of Pre-incubated Ribosomes

The method used was that of Bayley ana Griffiths
(1968a). Washed early log phase cells were homogenilzed
as described earlier. The. homogenate was centrifuged at
49,000 x g for 20 min at 0-4°C. The supernatant was
centrifuged at 60,000 x g for 30 min. The resulting
superﬁatant (S-60) was retained and incubated at §7°C for
40 min in the rreaction mjxture'descriged in Table 3 .

5

(Bayley and Griffiths, 1969). After 40 min the reaction

mixﬁure was chilled on ice so that excess salt crystallized

out. The m%xture was then centrifuged at 150,000 x g for
2.5 hours. ‘The ribosomal pellet was suspended in sclution
D' and centrifuged at .150,000 x g for 2.5 hours. The
resulting ribosomal pellet was resuspended in a volume of
solution D' corresponding to 1/4 - i/6(thé volume of the
S-60 supernatant. Finally the ribosomal %ﬁspension was
clarified by centfifugation at 2000 rpm for 10 mins. The
preparation was frozen and stored as described above.

v) tRNA
%\.

The method described below is adapted from von
r . -
Ehrenstein (1967) and is for processing 100 g of cells.
Frozen late log phase cells were thawed and suspended 1in

1 1l.of 0.1 M NaCl, .01 M MgCl,, 0.01 M Tris-HCl (pH 7.5)
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Table 3 REACTION MIXTURE FOR THE BULK INCUBATION
OF S-60 EXTRACTS IN THE PREPARATION OF PRE-

INCUBATED RIBOSOMES.

0.03 M NaATP ) 0.25 ml
0.12 M NaPEP 0.25 ml
0.012 M L1GTP | ' 0.375 ml
1.0 M Tris-HC1l, pH 8.0 0.125 ml
5.0 M NﬁkCl; 0.6 M (NH,), SO, 0.75 ml
Solid KC1. ( _ 0.61 mg
S-60 Extract in D' "2.00 ml
‘ Total Nominal Volume ’ 3.750 ml

Incubating Temperature: 37°C

Duration of Incubation: 40 min.

NOMINAL FINAL SALT CONCENTRATIONS

KC1 | 3.8m 7 _ N

NH * 1.2 M

4 ¢

Mg2+ . 0.05 M
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and 0.001 M 2-mercaptoethanol. An equal volume of
liquefled phenol was added and the suspension homogenized
in a Waring blendor for 1 min. Thé mixture was allowed
to stand for 5 min and then homogenized for an additional
1l min. The aqueoué and phencl phases were separated By
centrifugation at.2000.rpm for 20£m1n in a refrigerated
International centrifuge. The upper aqueous phase was
retained and the lower phenol phase was re-—-extracted with
500 ml of the 0.1 M NaCl buffer. The aqueou;‘phases from
the first and second extractions were pooled. Nucledc
aclds wsgre Srecipitated by adding 0.1 vol.of 20%
potassium acetate (pH 5.0) followed by 2 vol. of’95%
ethanol. ' The precipitate was allowed to settle Svernight\
at -20°C.

The precipitated nucleic aclds were collected by
centrifugékion. The supernatant was discarded and the
precipitaée was drained of ethanol as much as possible
and then dissolved in approximately 400 mi of 1 M sodium
acetate (pH 7.0). This solution Qas ;tiﬁred vigofously.

in the cold-room and 0.54 vol. of 2-propanol was added

' drobwise from a separatory funnel. Once the Z2-propaneo

had been added, the temperature of the suspension was
raised to 20°C, vigorous stirring being maintained during
thls operation. The suspensibn was centrifuged at 20°C
for 20 min at 2000 rpm. The supernatant was retained.
and the precipitate was redissolved in 1 M sodium acetate

- ‘.,".

(pH 7.0) and re—e;tracted with 2-propanol as éescribed
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above. The supernatant fractioné of the first and second
extractions were comblined and tRNA was precipitated from
them by adding 2-propanol to a final volume of 0.98. ’
The precipilitated tRNA was collected by centrifugation.
The pellet was dralned, dissolved in a minimal volume of
1 M Tris-HCl1 (pH 9.0) (Roy, Bloom and Soli, 1971) and -
inéubated at 37°C for 2 hours in order to degcylate

any aminoacyl-tRNA which might be present. One-tenth .k
volume 20% potassium acetate (ph 5.0) was then added
followed by 2 vol. of 95% ethanol and the preparation

~*

left at ~-20°C for 12 hours.

]

The tRNA precipitate was collected by centrifugation,

washed successively with ice-cold absolute ethanol,
ethanol:ether (1:1 v/v) and anhydrous ether and vacuum
dried. Finally, the unfractionated tRNA was passed through

a DEAE-~cellulose column as described in Section V. .

.
«

-

SECTION II1. E. coli

Preparation of Biological Extracts

i) s-30

S-30 extracts were prépared from E. coll W

(early log phase) cells as described by Nirenterg (1964). .
-~y - .
ii) S-150 ' »

The S-30 extract was centrifuged at 150,000 x g

for 2.5 hours at 0-4°C. The supernatant was dlialyzed *7

5
against a large excess of. BRS at 4°C for at least U hours.
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centrifﬁgation in 5% TCA and’finally filtered onto a a
Millipore fillter. The filter was washed with 4 ml

5% TCA, dried and counted for radicactivity in a Beckman
Liquid Scintillation counter using omnifluor (4 g/1

toluene) as the cocktail.

ii1) Preparation of Aminocacyl-tRNA

-

1%C-aminoacyl-tRNA for ribosomal binding assays
was prepared by charging unfractionated tRNA with one
!%C-amino acid and 19 unlabelled amino acids in an

an, .
incubation mixture scaled up proportionally from the one

shown in Table 4. After incubating at 37°C fdr 20 min,
the reaction was termimated by the addition of 0.1 vol
potassium acetate (20% w/v, pH 4.5). The mixture was
dialyzed for 1 hour against. 0.005 M potassium acetate -
(pH 4.5) and 0.001 M 2-mercaptoethanol. Precipitated
proteins were removed by centrifugation. The sﬁpernatant
was phenol‘extracted in the normal way followed by
precipitation of the aminoacyl-tRNA with po?assium
acetate (207 w/v, pH 4.5) and 2 vol. of ice-cold ethanol.
The amiﬁoacyl—tRNA was freed of amino acids by repeated
_Q\\precipitation with 2 vol. ethanol after dissolution 12.1 M
potassium.acetate (pH 4.5). The final précipitate was ‘
dissolved in 0.005 M KAc (bH 4.5) and dialyzed against

the same for 2 hours. Finélly the aminoacyl—tRNA solution

was frozen and stored at -20°C.



Table 4: COMPOSITION OF THE H. cutirubrum tRNA

CHARGING SYSTEM.
5.0 M NacCl 0.062 ml
Solid KC1 43.6 mg

Cold amino acid mixture less

labelled amino acid (each 8x107“M) 0.010 ml
'“C-Amino acid 0.010 ml
0.03 M NaATP 0.010 ml
0.29 M Tris-HC1 (pH 8.0) 0.020 ml
tRNA in solution D! 0.070‘m1
Aminoacyl-tRNA synthetases 0.020 ml
Water 0.023 ml

Total Nominal‘Volume 0.225 ml
Incubation Temperature: 37°C
Duration of Incubation:- 20 min. )
_
" NOMINAL- FINAL .SALT CONCENTRATIONS

Magngsium‘acetate _ - | 0.04 ™M -
KC1 _ ' 3.8 M
Tris-HC1 (pH 8.0) \ 0.03 M
NaCl . o 1.4 M
AMOUNTS 4OF'(-)THER COMPONENTS .
NaATP o _ ' 0.3 umole
19 Cold amino acids g 0.008 umole of each
'*C-Amino acid ‘ 3.3-3.6 nmoles
Synthetaées - . 0.2-0.4 mg protein
tRNA . ' . ‘ : ' 1-5 A, ., units }
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1%C-1ysyl-tRNA for BD-cellulese column
chromatography was prepared in the same way except
that a.reaction mixture increased proportionally from
that described in Table 6 Qas used and the final
aminocacyl-tRNA precipitate was dissolved in the
starting buffer.

Aminoacylation of pure species of tRNALMYS fop
ribosomal binding &ssays was aohievgd by using a reaction
mixture similar to the one described in Table 6 except
that it was necessary to ensure that the specific
activity of the labelled amino acid was 150 mCi/mmole
or higher. Purified lysyl-tRNA synthetase was used.

The reaction was.terminated by addition of 0.1 vol

0.005 M potassium acetate (pH 4.5). The mixture was phenol
extracted. The aqueous phase was retained and 2 vol of
-20°C ethanol were added and staod at -20°C for 2 -hours.
If. a precipitate was not visible, the !“*C-aminoacyl-

tRNA was collected onto a washed HA type Millipore filter
(0.45 p) and the aminoacyl-tRNA eluted from the filter

in 0.5 ml 0.005 M potassium acetate (pH 4.5) with shaking
at 0°C for.30-45 min (Shuggart and Novellil, 1971). If

‘a precipitate was visiblé, it was cgllected by centrifugation.
The precipi£ate was drained of ethanol as much as-

possible anq dissolved in a small volume of 0.005 M

potassium acetate (pH 4.5). The solution ﬁés dialyzed

against the same buffer for'2-3 hours at 0°C. 1In order

to minimize losses of the !'“C-aminoacyl-tRNA, a plece of
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Table 5: COMPOSITLON OF REACTION MIXTURE FOR
DETERMINING THE ELUTION POSITION OF tRNAMYS

AFTER RPC-5 CHROMATOGRAPHY.

5.0 M NaCl ) 0.062 ml

Solid KC1 43.6 mg-
0.29 M Tris-HC1 (pH 8.0) 0.020 ml
0.03 M NaATP 0.023 ml
'*C-Lysine : _ 0.005 ml X
tRNA in eluting buffer 0.025 ml
Solution D' ) 0.070C mi
Aminocacyl-tRNA synthetases 0.020 ml

Total Nominal Volume 0.225 il
Incubation Temperature: 37°C

Duration of Incubation: 12 min.



21

Table 6: COMPOSITION OF THE REACTION MIXTURE FOR

DETERMINING THE SPECIFIC ACTIVITY OF tRNALYS

SPECIES.
5.0 M NaC1l . 0.062 ml
Solid KC1 43.6 mg
0.29 M Tris-HC1 (pH 8.0) 0.020 ml
0.1 M NaATP 0.023 ml '
tRNA in D' | 0.020 ml
I%C-Lysine . 0.030 ml
Aminoacyl-tRNA synthetases 0.020 ml
Solution D! - 0.050 ml
0.225 ml

Incubation Mixture: 37°C

Duration of Incubation: 12 min.

NOTE : When partially purified lysyl-tRNA synthetase was
used 60 ul of the énzyme in solution D' was added and the
reaction was allowed to proceed for 30 min.

NOMINAL FINAL CONCENTRATION OF SALTS

KC1 - o - 3.8 M
Magnesium acetate ] 0.0 M
Tris-HC1 (pH 8.0) 0.03 M
NaCl ‘ 1.4 M

AMOUNTS OF OTHER COMPONENTS

NaATP ' 2.3 umoles
1%Cc-1ysine : 66-69 nmoles
Synthetases ) ] i © 0.05-0.5 mg

tRNA (purified) L | 0.01-0.05 A, , units

tRNA- (unfractionated) 7 Asgo units
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dialysis tubing, previously boiled in 10 mM EDTA, was
slipped over a piece of tightly-fitting, siliconized
glass tublng. The ends of the glass tubing had been
fire-polished. A double knot was tizd in the dialysis
tubing a short distance from one end of the glass. The
other end of the dialysis tubing was sealed around the
glass tublng with an elastic band. Through the open
end of the apparatus thé '“C-1lysyl-tRNA ‘species was
introduced and the closed end submerged in a beaker of

the potassium acetate buffer. By thilis method more than

90% of the sample was retrieved.

"1ii) Ribosomal Binding Assay

The assay developed by White and Bayley (1972b)
was used. The I1ncubatlon mixture 1s described in Table
7. The reaction was terminated by adding 4 ml of cold
solution D' and Eiltering the mixture through a Millipore
filter (0.45 u bore“diameter) previously washed with 4 ml
_solution D'. The filter was washed with another 4 ml
of solution D', driea and counted for radiocactivity as
described earlier. Since the fllter was treated with
3.0 M botassiﬁm chloride, it was necessary to check

routinely for quenching using appropriate standards.

b) E. coli

1) tRNA Charging System

The chiarging system was modified from the one

described by Marshall et al., (1967). The composition
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Table 7: COMPOSITON OF THE REACTION MIXTURE FOR THE

H. cutirubrum RIBOSOMAL BINDING SYSTEM.

Solid KC1 . 24,6 mg
3.4 M KC1; gélg Magnesium acetate

0.15 M Tris-HC1 (pH 8.0) 0.025 ml
Ribonucleotide template 1in H,O0 0.010 ml

1*C-Aminoacyl-tRNA in

0.005 M potassium acetate (pH 4.5) 0.015 ml
Ribosomes in solution D' ) . 0.020 ml
1 M Magnesium acetate . 0.006 ml
-w%ter , 0.049 ml

Total Nominal Volume _ 0.12? ml
Incubation Temperatare: 37°C

Dﬁration of Incubation: 30 min.

NOMINAL FINAL -CONCENTRATIONS OF SALTS P
Magnesium acetate \ 0.088 M
KC1 ‘ . 3.8 M
Tris-HCl (pH 8.0) ‘ 0.03 M
AMOUNTS OF OTHER COMPONENTS
1%C-Aminoacyl-tRNA - ' 8-35 pmoles
Ribosomes _ : ' 2~ A, . unit
Ribonucleotide template

a) Polyribonuclegtide ) 25-75 ng

b) Trinucleotides . . 0.4-1.2 A,¢, units

-
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of the reaction mixture is shown in Table 8. The !‘¢C-

aminoacyl-tRNA was deﬁeﬁéined by the cold TCA method

described for the H. cutirubrum system.

i1) Ribosomal Binding Assay

The nitrocellulose filter assay described by
Nirenberg and Leder (19684) was used. The composition
of the reaction mixture is described in Table 9. The
labelledqaminoac&l—tRNA was added last to the incubation
mixture. The reaction was terminated by addition of 4 ml
of 0.05M KC1, 0.02 M magnesium acetate and 0:02 M Tris-
HC1 (pH 7.2) at '0°C., The mixture was filtered through
a Millipore filter previously washed with 4 ml of the
0.05 M KC1 buffer. .The filter was then washed with U4 ml

of the same buffer, dried and counted as described

earlier.
SECTION IV. RIBONUCLEOTIDE TEMPLATES

a) Enzymatic Synthesis of Trinucleotides

Trinucleotides were synthesized enzymatically
b& the procedure described by Thach and Doty (1965): The
reaétion mixture deséribed in Table.10 was used. Under
these éond}tions,\the products were tri-, tetra- and
pentanucleotides which were separated by anion exchange

chromatography described in Sectlion V. When guanosine

was the 3'-terminal nuéleoside, the yileld of the trinucleotide




Table 8: COMPOSITION OF THE REACTION MIXTURE FOR THE

E. coll CHARGING SYSTEM.

1 M Tris-HC1 (pH 7.5) 0.005 ml

0.5 M Magnesium chloride ‘ 0.005 ml

0.1 MINaATP 0.020 ml

0.05 M NaPEP- 0.030 ml

Pyruvate Kinase (1 mg/ml H,0) 0.010 m1

M C_Aminoacid 0.030 ml

Synthetases in BRS (S-150) 0.020 ml

tRNA in H,0 0.100 ml

\water 0.030 ml
Total Volume ' 0.250 ml

Incubation.Tempeﬁature: 37°C

Duration of Incubation: 20.- min.

FINAL CONCENTRATION OF SALTS

Magnesium chloride 0.02 M

Tris-HC1 (pH 7.5) 0.01 M

AMOUNTS OF OTHER COMPONENTS

NaATP - ‘ 2.0 umole

14C_pmino acid . 66-69 pmoles

Pyruyate Kinase . 0.001 mg

Synthetases 0.2-0.5 mg protein

tRNA (unfractionated) 1-5 A,,, units

0

tRNA (purified) . 0.01-0.05 A, , units

!



Table 9: COMPOSITION OF-REACTION MIXTURE FOR THE

E. coll BINDING SYSTEM.

0.2 M Tris-HC1 (pH 7.2); 0.5 M KC1 0.005 ml
0.2 M Magnesium acetate . “ \‘ 0.00S‘ml
Ribonucleotide template in H,0 0.005 ml
1%Cc_Aminoacyl-tRNA in 0.005 M KAé(pH 4.5) 0.015 ml
Ribosomes 1in BRS 0.010 ml
Water . 0.010 ml
Total Volume ‘ 0.050 ml

Incubation Temperature: 24°C
Duration of Incubation: 20 min.
FINAL CONCENTRATION OF SALTS
Magnesium acetate i 0.02 M
KC1 0.05 M
Tris~HC1 (pH 7.2) 0.02 M
- rd
AMOUNTS OF OTHER COM%ONENTS o .
\ﬁibosomes | . " '2-3-A;6° units
Aminoacyl-tRNA i 8-30 pmoles
Ribonucleotide témplate: - F

a) Polyribonucleotide 25-75 mg

b) .Trinucleotide ) 0.4-1.2 Azso units

/

-

"\\
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Table 10: COMPOSITION OF REACTION MIXTURE FOR

SYNTHESIS OF TRINUCLEOTIDES.

2.0 M Tris-Hbl (pH 8.8) 0.050 ml
.0.1 M Magnesdum chloride 0.100 ml
0.1 m Nucleoside-5'~-diphosphate (NDP) 0.150 ml
Dindcleoside phosphate (XpY) - 0.250 ml
(20 mg/ml) 1 -
5 M NaCl ' : 0.080 ml
Polynucleotide phosphorylase 0.100 ml
[T, RNase] or Water 0.050 ml
Water 0.220 ml
~ ] i -
Total Volume 1.0 ml
Incubation Temperature: 37°C

Duration %f Incubation: 24 hours




was increased by 1including 50 units of T; RNase in the’
incubation mixture. T, RNase degradation product ggﬁe
trinucleoside triphosphates and the 3'—terminal:ﬁ%osphate
was removed by treating the incubation mixture with 10

units of alkaline phosphatase for 1 hour at the end of

the 24-hour incubation period.

b) Chemical Modificatlon of Polyribonucleotides

Partial hydrolysis of poly(U), poly(A) and

poly(A:G) was achieved by the method of Bock (1967) . -

-

SECTION V. CHROMATOGRAFPHIC AND PURIFICATION PROCEDURES

a) Diethylaminocethyl-cellulose (DEAE-Cellulose) Chromato-

graphy of Crude tRNA

-

Crude tRNA, prepared as described in Secéion I,
was purified, further by the method of Kelmers et al., (1965).
Crude tRNA was dissolved in 0.1 M NaC-l, 0.01 M MgCl,,
0.01 M Tris-HC1 (pH 7.5) with 0.005 M 2-mercaptoethanol
and charged onto a 2.5 x 45 cm glass column packed with
DEAE-cellulose equilibrated in the same buffer. The colunmn
was washed at a flow rate of 36 ml per hour at 4°C with
about 100 ml of the 0.1 M NaCl buffer. Subsequently
elution- was with a buffer containing 0.3 M NaCl plus the
other constituents describéd.' When the absorbance of the
effluent was approximately 10% of the peak fraction, the
eluting buffer was’changed to 1.0 M NaCl plus the other

constituents. The material eluting with this buffer was

A




taken as tbe tRNA fraceion. The tRNA was precipitated

with 2 vol. of ethanol ana stcod overnight at -20°C. The

tRNA pqecipitate was collected by centrifugation and

washed successively with ethanol, ethanol:ether (1:1 v/b),'

anhydrous ether and finaily vacuum dried. ) -w
A typical chromatcegraphic profile is shown in

Figure 2.

.
5

b) Benzoylated Diethylaminoethyl-cellulose (BD-Cellulose)

Column Chromatography

The method used for preparing the column was that

of Gillam et al., (1968). Tighter packing of the bed was

achieved by firmly stroking the sides of the c¢olumn wﬁth
‘a.péd of tissue ‘paper moistened with alcohol (Gillam and
Ig%er, 1971). The column was equilibrated in a buffer
containing 0.45 M NaCl, 0.01 M MgCl,, O0.45 M sodium acetate
(pH 4.5) and 0.005 M 2-mercaptoethanol. '"C-lysyl-tRNA
was dissolved in the same buffer and applied to thé column
at a flow rate of 36 ml per hour at U4°C. FElution was
stepwise or with.a linear gradient followed by a purgem
with ethanolic salt. ~Detalls of elution conditions are
given with the chromatographic profiles. Appropriate
fractions were pooled and precipitated with 2 vol cold

ethanol as described earlier. tRNALyS for reversed phase

chromatography was discharged by dissolving the tRNA

precipitate in 1 M Tris—HC1 (pH 9.0) and incubatihg at 37°C

until no TCA precipitable radioac¢tivity was evident (Roy, //“

Bloom and S&11, 1971).



Figure o:  PARTIAL PURIFICATION OF CRUDE tRHA ON
L

DEAE-CELLULOSE ¥

A 2.5 cm x 45 cm glass column was packed
with DEAE-cellulose and equilibrated in
0.1 M NaC1, 0.01 M MgCl,, 0.01 M Tris-HC1
(pH 7.5) and 0.005 M 2-mercaptoethanol.
4920 A, ¢, units of H. cutirubrum tRNA in
30 ml1 of the.saﬁe buffer were appliea to

the column and washed with 0.1 ,M Mall buffer

at a flow rate cf 36 ml/hour with 1) ml
-~ fractions being collected. ElubLion was

stepwise with 0.3 M NaCl buffer and 1.0

()
>

NaCl buffgr.
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crde uncharged tRNA in the 0.45 M NaCl buffer
was chromatographed on a BD-cellulose column in the manner
described. Lysine acceptor activity in the salt fractions
was detected using the reaction mixture given in Table 5.
The presence of lysine tRNA in the ethanol fractions was
determined in the same way except that 1 ml fractions were

previdﬁély dialyzed against the 1.2 M NaCl buffer to remove

the ethanol.

" ¢) Reversed Phase Chromatography V (RPC-5)

The preparation of the packing for reversed phase

chromatography was-as described by Pearson et al., (1971)

except that the preparation was scaled down proportionally.
30 grams.of Plaskon CFTE 2300 powder was placed in an
E;lenmyer flask to which was added 1.2 ml Adogen U4bl, a
trialkylmethylammonium chloride, dissolved in chloroform
(total vol., 60 ml). The flask was agitated at top speed
in a New Brunswick incubator—shaké} at ambiént temperature
for 2-3 hours. The slurry of plaskon in chloroform was
dried in a glass tray with continuoué stirring with a
ceramic spatula. Just brior to reaching dryness, ihe mixpurg
was tumbled mechanically for 2 hours. Thé packing was
returned to a glass.tray to remove the remaining chloroform.
The dry RPC-5 packing was slurried with starting
buffer consisting of 0.45 M NaCl, 0.01 M MgCl,, 0.01 M Tris-
HC1 (pH 7.0) and 0.001 M 2—mefcaptqethanoru The slurry
was shaken vigorously for 1 hour in a New Brﬁnswick

ineubator shaker at ambient temperature (Pearson et al., 1973).
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A Jacketed glass column (githgr 1l ecm x 100 cm
or 0.6 cm x 70 cm) maintained at 37°C was partly filled
with the 0.45 M NaCl buffer described above. The slurry
was poured into the column and compacted under maximum
aqueous flow with a Milton Roy‘Minipump. Before each
chromatogriaphic run, the column was equilibrated with
several column volumes of the starting buffer. The
tRNA sample dissolved in 5-10 ml of the equilibrating

buffer was applied to the column and a linear gradient

was generated at a flow rate of 36 ml per hour. The
absorbance at 260 nm was monitored and the elution
) position of tRNALYS specles was determined as described

in sectlon IIIa. Appropriate fractions containing the

tRNA of interest were pooled and precipitated with 2 vol
of ethanol at -20°C. If a precipitate was not Gisib;e,
the tRNA was recovered on an HA type Millipore filter

(Shuggart and Novelli, 1971).

d) DEAE-Cellulose Chromatography of Trinucleotides

<

A protocol for the isolation of*trinucleotides
was obtained from Dr. Clelia Ganoza, Banting and Best
Institute. Whatman DEAE-Cellulose DE 32 (Microgranular)
was sgspended in water and defined. The DEAE-Cellulose
was slurried In a small volume of water and poured into a
1.5 em x 30 cm glass .column at 4°C. Subsequentlyi the
column was washed with 0.5 M Tfis-HCl (pH 8.1) until the

pH of the effluent wés the same as that of the buffer in
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Figure 3: ISOLATION OF CpApU BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

A 1.5 cmx 30 cm glasg column was packed
with DEAE-cellulose in wate; and washea
successively with 0.5 M Tris-HCl (pH 8.1)
and water., The sample was applied to the
column inASO ml wéter or at a flow rate
of 12.5 ml p%§ hour. Elution was with

a linear gradient consisting of 250 m;
water in the mixing chamber and 250 ml
0.5 M ammonium carbonate (pH 8.6) in the

»

. 3
reservoir. 2.5 ml fractions were collected.
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ISOLATION OF ApApU BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

The conditions of chromatography were as

for Figure 3.
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Figure 5: ISOLATION OF ApApG BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

5,
\
'

The conditions of chromatography\were as
for Figure 3. : _ \
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Figure 6: ISOLATION OF GpApU- BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

The conditions of chromatography were as

for Figure 3.
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Figure 7: ISOLATION OF GpApG BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

The conditions of chromatography were as

in Figure 3.
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Figure 8:
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ISOLATION OF GpApA BY DEAE-CELLULOSE

(MICROGRANULAR) CHROMATOGRAPHY

The conditions of chromatography were as

in Figure 3.

-
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the reservoir. Then the column was equilibrated in glass
distillediwater and ;gain‘the pH was monitored. Tri-
nucleotides were isolated from the incubation mixture
described in section IV by adju;}ing the‘volume of the
mixture to 50 ml with water. The solution was charged

onto the column at 12.5 ml per hour. Elution was with a
linear gradient consisting of 250 ml glass distilled water
in the m;xing chamber and 250 ml 0.5 M ammonium bicarbonate
(pH 8.6) in the reEervoir. 2.5 ml fractions were collected.
The abéofbance at 260 nm was measured. The peak fractions

were pooled and lyophilized. The third peak was the

ribotrinucleotide in all cases and its identity was

Figures 3-8 show the chromabograéhic profiles of those

trinucleotides synthesized and separated by this procedure.

e) Preparation of Synthetases Free of Endogenous tRMAs

by Sephadex G50 (fine) Chromatography.

Sephadex G50 (fine) was swelled in solution D
by boiling for 3 hours. After the gel had settled, the
supernatant was decanted and fresh solution D' added and
left overnight at N°C.) All operations were then carried
out at 4°C. The gel wés slurried in solution D' and
the slurry was poured into a 2.5 cm x 40 cm glass column.
filled ﬁartially with D' and equlpped with a packing
funnel. The gel was allowed to settle under gravityzover-

nigﬁ%. Exéess gel and equilibrating buffer were removed.

confirmed from its chromatographic mobility (see below). m



The column was equilibrated wifh solution D' until the
absorbance at 280 nm was zero.

S-150 extract (about 2 ml) was applied to the
column at a flow rate of 12 ml per hour. 2 ml fractions
were collected and the absorbance at 280 and‘260 nm was
monitored. The "protein peak" was concentrated by
dialysis against 100% saturated ammonium sulfate. The
precipitate was collected by centrifugation, resuspended
in D' and dialyzed against the same for 4 hours. The
synthetase brepara%ion was frozen.and stored as described

earlier.

£) Affinity Chromatography of Lysyl-tRNA Synthetase

1) Preparation of Hexamethylenedlamine-Sepharose

15 ml of Sepharose 4B was activated by cyanggen
bromide as described by Axeﬁ et al., (1967). The activated
sepharose was washed immedlately with an exéess of cold
0.1 M sodium bicarbonate solution and suspended in 25 ml

of the same solution. 25 mmoles of neutralized hexa-
i -
methylenediamine was added within 2-3 min of activation !

and washing. The mixture was then stirred at 4°C for
, 16 hours and washed with 2 1 of .cold water at the end of
the reaction period (Cautrecasas, 1970).
To see whether the diamine had cdupled to
the sepharose, the qualitative colour test of Inman and
L Dintzis (1971), using 2, A, 6-trinitrobenzené sulfonate,
4

was performed.
7
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ii) Preparation of o-Nitrophenylsulfenyl Derivative of

L-lysine .

L-lysine was derivatized with o-nitrophenylsulfenyl
chloride by the method of Zervas et al., (1963) except

that the €-amino group was not blocked with a cgrooxybenzoyl

protecting group. ¥

iii) Prenaraﬁion of o-Nitrophenylsulfenyl-derivatized

Lysine Succinimide Ester

Equimolar quantities of N-hydroxysuccinimide, di-

cyclohexylcarbqdidiimide and the lysine derivative were
reacted unger the conditions described by Robert-Gero and

Waller (1972).

* It was assumed ‘that by vsing twice the normal amount
of o-nitrophenylsulfenyl chléridé the e-amino group might
be protecﬁed in adqition to the a-amino group. Althouéh
this,did‘not give a completely satisfactory column, it
did allow purification of some lysyl-tRNA synthetase,:
enough for the objective desired (see Results).

For subsequent reactioﬁs where the molecular weight
of the derivative was required, ;t was assumed that both
the a- and e-amino groups wére protected by the o-nitra-

7

phenylsulfenyl moiety.




iv) Coupling of Sepharose~diamine with the Succinimide

Ester Derivative of Lysine

The coupling reaction was performed as described ‘
by the authors cited above except that the reaction was
allowed to proceed for 3 hours. The gel assumed a
yellow colour indicating that the lysine derivative had

coupled.

v) Removal of the o-Nitrophenylsulfenyl Protecting Group

The” coupled gel was suspended in 40 ml 200 mM
acetate buffer (pH 5.1). To this was added a solution of

sodium thiosulfate to a final concentration of 0.4 M. The

reaction was allowed to proceed for 2 -hours at 30°C. The

gel was then washed with watgr, methanol, water, 50%
dimethylformamide and fgnally water. The gel still assumed

a yellow colour, indicating that the blocking group had

not been removed entirely. Consequently, the gel was treated
for an additional 3 hours followed by washing using the

described schedule.

vi) Purification of Lysyl-tRNA Synthetase

A1l cm x 15 ecm glass column was packed with

Sepharose-didamine-lysine suspended in solution D'.

Equilibration and elution was with solution D' at H4°C.
S-150 (1 ml) was applied to the column at a flow rate

of 0.5 ml per 3 min. 0.5 ml fractions were collected
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and lysyl-tRNA synthetase activity was determined using
the incubation mixture shown in Table S except that 100 ul
aliquots were taken from each fraction and 0.5 A,,, unit
of crude tRNA in 15 ul of solution D' was used. Incubation

was for 25 min at 37°C,

g) Paper chromatography of Trinucleotides

The identity of trinucleotides was confirmed by
comparing their Ry values with those reported by Lohrmann
et al., (1965).h The method used was identical to that
described by these authors. Paper'chromatography,‘using
the descending technique on Whatman No. 1 ﬁaper, was

performed in the solvent system composed of ethanol-1 M

ammonium acetate (pH 7.5) (7:3 v/v).

h) DEAE-Sephadex A-25 Chromatography of 3'-Terminal

Oligonucleotides A . -

14¢c-1ysy1-tRNALYS and *H-1ysyl-tRNALYS were

mixed with 0.5 mg crude H. cutirubrum tRNA and digested
with ribonuclease T, (Sen and Ghosh, 1973). The incubation
mixture contained 10 mM ammonium formate (pH 5.0), 2 mM
EDTA, 100 units of T, RNase and the aminoacyl—tRNALys‘
species dissolved in 10 mM ammonium formate (pH 5.0). ‘The
digest was charged onto a DEAE-Sephadex A—25 column

(0.5 em x 15 em) equilibrated with 10 mM ammonium formate
(pH 7.0) according to the @ethod of Pestka (1971).

Elution was with 20 ml 10 mM ammonium formate (pH 5.0).




1 ml fractions were collected. Radioactivity was
determined by adding 10 ml Aquasol to the fractions

and counting in a Beckman scintillation counter.

SECTION VI. Determination of Protein Concentration

P Proteln was estimated by the methéd of
Lowry et al., (1951) using bovine serum albumin as‘a

standard.
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~

MATERIALS

Analytical grade inorganic salts and tri-
chloroacetic gcid were supplled by Fisher Scientific
Co., Canlab.and J. T. Baker Chemical Co.; CpA, ApA,
GpA, GDP, UDP, ADP and spermidine by Calbiochem;
bovine serum albumin and ATP by P-L Biochemical Corp.;
Sephadex G100 (fine), G50 (fine), DEAE-Sephadex A25
and Sepharése 4B by Pharmacia; DEAE-cellulose and

HEPES by Sigma Chemical Corp.; BD-Cellulose and

unlabelled L-lysine by Schwarz/Mann; DEAE-Cellulose

DE 32 (microgranuiar) and number 1 chromatography

paper by Whatman; Plaskon GFTE 2300 powder by Allied
Chemical Corp.; Adogen 464 by Ashland Chemical Co.; 2=
mercaptoethanol, cyanogen bromide, dicyclohexylcarbo-
didiimide, N-hydroxysuccinimide by Eastman Organic
Chemicals; Tris by BDH Chemical Co.; O;nitropﬁenylsulfenyl
chloride by Pierce Chemicals; M. luteus polynucleotilde
phosphorylase, poly(A), poly(A:G::1.6:1) and.poly(A:G: '
:1:1) by Miles ChehicallCorp.; E. coli alkaline phosphatase,
RNase ’I‘_l dnd electroph&retically_purified DNase by
Worthington Chemical Co.; '“C- and *H-lysine, '*C-histidine,
L4c_glutamic acid, '“C-aspartic acid and Omnifluor by

New England Nuclear.Corp.

‘ . (9



III. Results

SECTION I. Ribosomal Binding Assays

a) H. cutirubrum Ribosomal Binding System for Codon

Assignments Using Trinucleotides

In the 1initial phase of this work, it was hoped
that the work of Bayley and Griffiths (1968b) and White

and Bayley (1972b) on codon assignments in H. cutirubrum

might be extended. Specifically, it was proposed that some

of the codons for the acldlic and basic amino acids might

be tésted for aﬁy altered codon-anticodon interactions in

the high salt environment. Since random polyribonucleotides

with a high content of adenosine and/or cytosine precipitated o
out in the high salt (Bayley and Griffiths, 1968b; White Xﬁn
" and Bayley, 1972b), the trinucleotides CAU, AAU, AAG, GAU, My
GAG and GAA were syntheslzed. When these trinucleotides

were tested in the high salt envirommen} using the ribosomal
technique of White and Bayley (1972b) negligiblge response

was observed to either that aminoacyl-tRNA given in the

established code or to those aminoacyl-tRNAS listed in

Table 11. Since the H. cutirubrum ribosomal binding assay

was developed with polyribonucléotides, it was thought
that perhaps the conditions for binding wefe not optimal
for trinucleotides.. To ?his end the following conditions
were varied in the hope of improving the binding reaction. ’
(1) The ginal Mg?? concentration was varied from
0.0 M 50 0.15 M in 0.02 M increments.
46
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Tatyle 11: CODONS TESTED WITH TRINUCLEOTIDES IN HIGH SALT
AMINO\ACID ESTABLISHED CODONS CODONS TESTED*
"
HIS CAU, CAC .
CAU X,
ASN 1 AAU, AAC AAU %
’ AAA(polyA) Y
LYS AAA, AAG GAU ¢
GAA
ASP GAU, GAC GAG
AAG
GLU GAA, GAG

* Each codon was tested with the 5 amilno acids listed.
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i (2) 0.15 M sodium cacodylate (pH 7.5) or 0.15M
Tris-acetate (pH 7.2) or 0.15 M HEPES (pH 7.1) was added -
to the reaction mixture in lieu of 0.15 M Tris-HC1 (pH 8.05).

(3) The nominal final potassium chloride
concentration was varied from 3.H/M to 4.0 M in 0.02 M
increments.

(4) (a) LO%Z sucrose (w/v) was substituted for
potassium chloride in the final reaction mixture. This was
achieved by incubating all the components except the triplets
- at 37°C and then dialyzing the mixture against a 40% sucrose
solution containing the other salts at the same concentrat}ons.

0.115 ml of this mixture was then incubated with 0.01 ml

trinucleotide in water at 37°C for 30 min.

(b) The trinucleotide 1n water was added to

. ribosomes in MO%_suc?ose, 0.5 M KC1, 0.04 M magnesium acetate,
0.01 M Tris-HC1 (pH 7.6) and 0.007 M X mercantoethanol.
This mixture was then used in the ribosomal binding assay
instead of ribosomes in D' and trinucleotide in waﬁer.

(5) The amount of ribosomes added was variled

from 2 to 6 A, e, units.

(6) The amount of {“C~aminoacyl—tRNA added
was varied from 1l to‘ﬁ8 pmoles for some of the '*C-
aminoacyl-tRNAs used.

(7) The time course of the reaction was monitoped
from 0 to 60 min.

(8) The amount of trinucleotide added was

varied from 0.4 to 1.2 Aeo units.
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(9) 1.0 M magnesium acetate added to the standard .
reaction mixture was replaced by 0.2°'M to 1.0 M neutralized
spermjidine.

N

In all these experiments, the response was
negligible usually amounting to no more than 50 counts per
min above the control value and this difference was nof-

conslistent. .
Since the standard binding assay could be used
satlisfactorily with, for instance, partially hydrolyzed
poly(U) and poly(A). it was of interest to examine the
propertion of trinucleotides in the hydrolysates. 100 Ao

units of partially hydrolyzed poly(U) and poly (A) were

chromatographedtdilDEAE cellulose (microgranular) using

the method described in section V of Chapter 2. As shown
in figure 9, .the amount .of trinucleotide present in the
hydrolysate of poly(A) was negligible since mono-, dil,
trli-, tetra- and pentanucleotides would have eluted between
fractions 20 and 100. The chromatographic profile of
partially hydrolyzed poly(U) was similar. The homopolymers
could be eluted from the column in the presence of 7 M urea.
From these results, it was apparent that 1in crder to
continue the work on codon assiénmegts in the high salt
system, synthetic messenger RNAs of defined sequence would

have had to be sypthesized and an efficient transfer system

developed. The former alone would have entailed a heavy

commitment 1in preparative work and hence, the problem on



Figure 9:

P

CHROMATOGRATHY OF PARTIALLY HYDROLYZED

POLY(A) ON DEAE~CELLULOSE COLUMN

100 Azso units of the polymer in 50 ml

of water was charged onto the column at a

flow rate of 12.5 ml/hr. Elutlon was

with a linear gradient consisting of 250 ml

water in the mixing chamber. and 250 ml ’
0.5 M ammonium carbonate (pH 8.6) in the
reservoir. The column was purged with 0.5 M
ammonium carbonate containing 7 M urea.

2.5 ml fractions were collected.
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codon assignments in high salt was not pursued further.

b) Heterologous Binding of H. cutirubrum Aminoacyl-tRNA

to E. coll Ribosomes

~

Although the attempt to examine codon-anticodgn
interactions in High—salt was unsuccessful it was thgég:t
that if there were any fundamental alteration in the codon-

anticodon response for some of the H..cutirubrum tRNAs, then

the difference might be manifest in the heterologous binding
system using the ‘E. coll binding system of Nirenberg and
Leder (1964). The results in Table 12 show that labelled)

histidinyl-, asparaginyl-, lysyl-, aspartyl- and glutaminXI-

&

o

tRNAs responded to the established codons. These results: Q%
/o - '
suggest that there is no fundamentai\difference in codon-

o

il

anticodon interaction with halophile tRNAs. |

SECTION II. ©Purification of Lysine tRNA é

Although the ribosomal binding studies in high
salt proved ‘to be unsuccessful, 1t was hoped that some
infermation on codon-anticodon interactions might be obtained

if a tRNA species for either an acidic or a basic amino

acid was purified. Lysine tRNA was the species of cholce’ '

since partially hydrolyzed poly(A) cculd be used in high

- 541%. Furthermore, if two or more isoaccepting specles

were presént, their response to the codon AAA could be

studied,
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Table 12: BINDING OF H. cutirubrum '“C-AA-tRNAs TO

E. coli RIBOSOMES IN RESPONSE TO TRINUCLEOTIDES

AMINO ACID HIS . ASN LYS ASP GLU

pmoles !“C—-AA—tRNA bound

-Trinucleotide 0.15 - 0.08 0.24 0.39 0.06
+CAU 0.72 0.09 0.2 0.35 0.06
+AAU 0.19 0.20 « 0.19 0.35 0.07
+AAA¥ 0.12 0.07 1.10 0.40 0.07
+AAG 0.18 0.07 9;§1 0.32 0.05
+GAU 0.21 0.09 0.22 1.08 0.06
+GAA 0.17 0.08 0.27 0.38 0.17

+GAG 0.17 0.09 0.25 0.38 - 0.14

¥ As partially hydrolyzed poly(A).

Each 0.05 ml reaction mixture contained the components and
was incubated at 2U4°C for 20 min as described in Section III
of Methods except that H. cutirubrum '“C-AA-tRNAs were added.
The amounts of '“C-AA-tRNA addeé were as follows:, v
1%c_His—tRNA (21.1 pmoles)
1l’C—!l.s;:)—t‘,F(N!\. (9.8 pmoles)
I“C—Lys-tRNA‘(27‘pmoles)
1%C_Asp-tRNA (28.3 pmoles)
¥*C-Glu-tRNA (8.7 pmoles)
Each reaction mixture contained 0.8 A, , unit of template

and 2 Az, units of E. coli ribosomes. The final Mg?™

concentration was 0.02 M.
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Before the purification of lysine tRNA could
be pursued, 1t was necessary to optimize the aminoacylation

reaction for lysine.

a) Determination of K, for Crude Lysyl-tRNA-synthetase

The effect of varying the lysine concentration
in a reaction mixture containing 3.8 M potassium chloride\‘
and .0.04 M magnesium chloride is shown in the form of a
Lineweaver-Burk (1934) plot in Figure 10. The XK for
lysyl-tRNA synthetase (pH 5.0 enzyme) was found to be
3.9 x 10-5M. Thus, in charging reactions for determining
the specific acceptor activity of purified tRNALYS, 1ysine

in an amount greater than 5 x 107°M was added (see Table 6).

¥

b) Time Course of Lysyl-tRNA Formation

The time course of 1%C-lysyl-tRNA formation 1s
shown, in Figure 11. The reactlon was complete wlthin 15
min. After this period thére appeared to be some loss
of '“C-amincacyl-~tRNA. This 1oss’occurred consistently \
with different preparations of pH 5.0 enzyme and 1is in
contrast to the report of Bayley and Griffiths (1969)
that there was no apﬁarent loss of !*C-aminoacyl-tRNAs
for a period of 40 min after maximal labelling had been
reachéd. As will be seen later the pH 5.0 enzyme could
not be used for accurately determining the specific activity

of purified tRNA due to degradative activity ocbserved in

most preparations.



Figure 10:

DETERMINATION OF K VALUE FOR LYSINE

The incubation mixture shown in Table

6 was used. 2 Aze0 units of unfractionated
tRNA, 2.3 uMoles ATP and 0.2 mg of synthetases
(pH 5 enzyme) were present in each reaction (
mixture. The reaction mixture was incubated

at 37°C for 2.5 min. The speciflc activity

of '“C-lysine was 50 mCi/mmole. The

reaction velocity, V, is expressed as pmoles
'*C-1ysine incorporated/A,¢, unit tRNA per

2.5 min reaction time; substrate concentration,
S, is expressed as uMoles '“C-lysine added

to the incubation mixture.
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Figure 11:

TIME COURSE OF CHARGING OF UNFRACTIONATED

tRNA WITH '“C-LYSINE

The incubation mixture shown in Table 6
was used. Each.tube contained 2 Azs0
units of tRNA, 0.4 mg S-150 and 2.3 uMoles
ATP. The specific activity of !'*C-lysine
was 50 mCi/mmole. Each point representé
the average of a set of duplicétes. )
Background values in the absence of tRNA

2

have been subtracted.
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Figure 12: DETERMINATION OF THE OPTIMAL MAGNESIUM

CONCENTRATION FOR '“C-LYSYL-tRNA FORMATIO:I.

The incubation mixture shown in Table 6
was useé except that the magnesium
concentration was varied. Each tube
contained 2 A,¢, units of tRNA, 0.4 mg
S—1§O‘and 2.3 umoles ATP,. .The reaction

/ ,
“was allowed to proceed for 12 min at 37°C.
Each point represents the average of a
sdt of duplicates. ll‘C—lysine incorporation

in the absence of tRNA have been subtractéd.
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-c) Optimizatlon of ATP Concentration

When the amount of ATP added was increased from
0.3 uMole to 2.3 pMoles there was no increase in the
amount of '“C-aminoacyl-tRNA formed. Since there was no
adverse effect, the higher concentration of ATP was

retained in the optimized reaction mixture.

d) Effect of Magnesium Concentration

i
The effect of varying thé magnesifdm concentration
on '*C-1ysyl-tRNA formation is shown in Figure 12. When
the concentration of magnesium was increased from 0.04 M
as given in ghe incubation mixture of Griffiths and Bayley
(1969),.theré\was a perceptible decrease in the amount of
1%C-aminoacyl-tRNA formed. When the magnesium concentration

was lowered to 0.02-M, the formation of '“C-lysyl-tRNA

was markedly reduced,

e) Preparation of Synthetases Free c¢f Endogenous tRNA

For the purpose of determining the elution position

of tRNALYS species in the fractions after reverse phase

chromatography, the 5-150 extract was fractionated on a

column packéd with‘Sephadex G50 (fine). TFigure 13 shows

a typical fractionation of an S-150 extract. The void
volume and the higher molecular weight componeéents separated
by this‘column were probably mainly protein as Judged by
the 280 nm/260 nm ratio. The two peaks were pooled

separately and concentrated with 100% ammonium sulfate.




Figure 13:

CHROMATOGRAPHY OF S5-150 ON SEPHADEX G50

(FINE)

2 ml of an S-150 preparation was layered
onto a glass column (2.5 x 45 cm) packed
with Sephadgx G50 equilibrated in solution
D'. The sample'was eluted with the same
buffer at a flow rate of 12.5 ml/hr. .

The fraction volume was 2 ml.

v
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Both fractions were tested for the presence of lysine

tRNA synthetase activity and for the éresence of tRNALYS ‘-
as shown in Table 13. From these results it is evident

that most of the tRNALYS activity was present in fraction

2 while the synthetase activity was in fraction 1.

£f) Purification of tRNALYS on BD-Cellulose

Figure 14 i1llustrates the chromatographic
behaviour of '“C-1ysyl-tRNA on BD-cellulose when eluted
with a linear gradient from 0.5 M - 1.2 M NaCl. The

aminoacyl-tRNA could be eluted from.the column only with

€3

1.2 M NaCl plus 10% ethanol. E. Griffiths and 3. T. Bayley X\
L Y .
(personal communication) found that when uncharged

H. cutirubrum tRNA was chromatographed on BD-cellulose

using stepwise elution with 1.0 M NaCl followed by an
ethanol purge, lysine, threonine, glycine, histidine and
isoleucine tRNAs were found to elute with the ethanol purge.
In an attempt to obtain tRNALYS separated from the buik

of the Azsoabsorbing material as wel) as some of the other
tRNAs mentioned above, !'“C-1lysyl-tRNA was chromatographed
on BD-cellulose using step elution with 1.5 M NaCl and

1.5 M NaCl + 10% ethanol. Figure 15 shows that under
tﬁese conditions the '“C-lysyl-tRNA eluted with the 1.5 M
NaC1l 5uffer. However, the aminoacyl-tRNA could not be
recbvered in a precipitable form with 2 volumes of ethaneol
due to the excessively large volume of elutling bpuffer.

Hence, the tRNA had to be recovered on a’ Millipore filter

%
i

LR
N
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Tatle 130 LYSINE SYRTHETASE ACTIVITY AND LYSINE ACCEPTANCE CAPACITY

OF THE COMPONENTS OF S5-150 FRACTIONAED ON SEPHADEX G50

(FINE)
&
pmoles '“C-LY3 IN THE 5% TCA PPT
R EXTRACT
A B C Aygo UNITS OF
(No Addition) (+ tRNA)¥ (4 pH 5 enzyme) EXTRACT ACCAYED
S-150 9.7 73.8 - 1.94
1 FRECTION 1 0.4 64,1 - 1.20
FRACTION 2 '0.09 0.13 o 11.4 ) 0.55
FRACTION 1 0.3 61.1 ' - 1.42 :
FRACTION 2 0.12 0.11 9.7 0.47 %’
<
R )
: PRACTION 1 0.8 60.4 - 1.17
FRACTIOLN 2 0.10 . 0.13 10.9 . 0.51
2 A;GO units/incult.ation mixture.
Cat 0,005 ml reaction mixture contained the components dvscﬁibed in ’ +

: ot le o Por the H. cutirubrum LA charging oystem. Column A assayved
e ron CRIADTS qug lycine synthetase activity; column B assayed
SGeelfTinlly for lysine synthetase activity; column € assayed for

- CeNAT T in fraction 2 with oa pll 9.0 enzyme.

')‘t:i ¥ i\




Figure 14:

COLUMN CHROMATOGRAPHY OF '“C-LYSYL-tRIIA

ON BD-CELLULOSE: GRADIENT ELUTION

150 Aygo units of '“C-lysyl-tRNA (649,
740 cpm) dissolved in 0.45 M NaCl, 0.01 M
MgCl,s 0.05 M Na acetate (pH 4.5) and

0.005 M 2-mercaptoethancl were applied to

o

BD-cellulose column (1.5 x 30 cm) previously

equilibrated in the same buffer. After
step elutlionof the first U9 fractions-with
the 0.45 M NaCl buffer, a }inear gradient
was generated with 180 ml 0.5 M NaCl in the

mixing chamter and 180 ml 1.2 M NaCl ‘in the

reservoir. The column was purced with 1.2 ¥

« T

NaCl + 107 ethanol. All solutions contalined

the other constituentz of the OUhs M A0

i
buffer. The flow rate was 36 ml/hr;

fractions of 3 m1 were colleetndg,
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Figure 15:

<>
CHROMATOGRAPHY OF !*C-LYSYL-tRNA ON

BD-CELLULOSE: STEP ELUTION \

-

900 A,¢, units of ‘“c—lys§3ii€RNA r440,
312 cpm) were charged onto a éD—
celluloese column (1.6 x 40 cm)
previously equilibrated with the

0.45 M NaCl buffer described in-fig. 14,
Elution was step-wise with 0.45 M NaCl,
1.5 M NaCl and l.S’M NaCl + 10% Ethanoi'

in the presence of 0.01 M MgCl , 0.05 M

Na acetate (pH 4.5) and 0.005 M 2-

mercaptoethanol. The flow rate was

36 ml/hr;.5 ml fractions were collected.
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and for bulk purifications handling the material in this
manner would have been cumbersome. For subsequent
purifications on BD-cellulose, stepwise elution with

1.2 M NaCl followed by 1.2 M NaCl + 10% ethanol was

carried out. A typical chromatographic profile is shown

in Figufe 16. From these results there was no 1ndication :
of multiple isocaccepting species of tRNALYS, [When

uncharged tRNA was chromatographed on BD-cellulose,

lysine acceptor activity was detected mainly in the

ethanol fractions (Figure 17)].

The fractions containing the '*C-1ysyl-tRNA were
pooled, ethanol precipitated and then discharged as
described earlier. The specific activity of the partlally
purified tRNALYS was determined, the results of which are
presented in Table 14. The tRNAMYS was purified further by

RPC-5 chromatography.

£) RPC-5 Chromatography of tRNAMYS

The 1ysiné—tRNAJrich fractfbn from BD-cellulose
chromatography was purified further by RPC-5 tchromatography
at neutral pH. Figure 18 shows a typlcal proflile. From
these results it was evident that there were two 1so-
accepting species of\tRNALyS. The faster moving speciles
was designéted tm\JAIlfy\S ana the slower moving species, tRNA%yS'
Both trRNaALYS species resolved as sharp peaks and were

chromatographically distinct as’ judged by the lysine

acceptor activity. With regard to determining the position

s
e

&
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Figure 16:

COLUMN CHROMATOGRAPHY OF !'“C-LYSYL-tRNA

ON BD-CELLULOSE: BULK PREPARATION

The procedure was that described in fig.

15 except that the NaCl concentration was
reduced to 1.2 M. 2100 Az¢0 units of
1%C-1ysyl-tRNA (260, 103 cpm) were applied
to the column. The flow rate was 36 ml/hr.
Fraction volume was 5.5 ml. Column
dimensions were 1.6 x 40 cm.

Recovery of A,g, units: 96%

Recovery of cpm: . 93%
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Figure 17:

CHROMATOGRAPHY OF UNCHARGED tRNA ON

BD-CELLULOSE

The procedure was the same as that

. described in fig. 16. 123 Az, units

were applied to a 1.5 x 30 cm BD-cellulose
cclumn. The flow rate was 36 ml/hr; 2.5 ml
fractions were collected. The-lysine

acceptor activity was determined using

the incubation mixture described in Table

5. 1 ml aliquots from the ethancl fracﬁions
were dialyzed against 1.2 M NaCl buffer

(minus the ethanol) before use in the charsinn

reaction.
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Figure 18:

PURIFICATION OF tRNAMYS BY RPC-5

CHROMATOGRAPHY

528 A,g, units of partially purified tRNALYS
obtained by BD-cellulose chromatography was
charged onto a reversed phase chromatography
V column (1 x 100 cm) previousiy equilibrated
with a buffer containiné 0.01 M Trié—HCl

(pH 7.0), 0.01 M MgCl,, 0.001 M 2-mercapto-
ethanocl and 0.45 M NaCl. Elution was with
a linear gradient of NaCl (0.45 M to 0.7 M)
in 2 1 of the abové bﬁffer. Flow rate was

60 ml/hr; fraction volume was 10 ml. The

operating temperature was 37°C.

SOl R AR Y A v el M N

P I AL L LI B R L LU

- PTG 1L



66

—-112
—10

-
_s_\vna; wdd

3ONVId3O0V SK1-0y,

w0

0.6

- eam - s e m em w we -

WoeN

-
o
1

T

-
- m e e =8

I
200

%

FRACTION NO,

————

092




67

of the two species of tRNALYS 4t 45 perhaps well to point

out that the reaction mixture shown in Table § was used.
Although the condition described in Table 5 did not give
complete aminoacylation of tRNA, they were retained since,
for optimal aminoacylation, the amount of L-lysine in the
reaction mixture would have had to be increased significantly
with cold amino acld concomitantly reducing the specific
activity of the label and hence, having to.deal with

smaller values of radiloactivity aboye packgréund. The
method used proved to be satisfactory and avoided the

tedium of removing aliquots of the fractlons to be assayed
for dialysis against solution D'. Furthermore, it was
essential to pool and process tbe appropriate fractions

as quickly as possible in order togavoid undue loss of
activity of the purified tRNA species. Although, potentially,
the problem of using low specific activity '*C-label -could
have been circumvented by using high specific activity
’H-labelled 1lysine, it was found that under the high salt
conditions quenching became a problem with ’H,

_ tRNA%yS elyted with approximately 0.52.M NaCl
and tRHALYS with 0.57 M NaCl. The fractions containing
the two tLRNAMYSs were pooled separately and precipitated.
The specific acceptor activities of the two species were
determinéd using the optimized charging conditions. The
relative proportions of the(two sﬁecies was estimated from
their specific activitlies and the amount of A,¢, absorbing

: e . ItyS
material having lysine acceptance. tRNAEJJ anq LRNAZ




were 1n the approximate ratio of 3:2 and this ratio was
consistent in four different preparations. tRNA%yS and
tRNA%yS were further purified in the reverge phase
chromatography system using shallower gradients as

11lustrated 1in Figures 19 and 20, respectively.

h) Acceptor Activity of ¢RNA Sampleg

The activity of the purified tRNADYS was defined
as the acceptance of '*C-lysine per A,,, unit of tRNA;
1800 pmoles/A, ., unit was assumed to be 100% pure (Ghosh
et al., 1971). The results in Table 14 show that when a
preparation of lysine tRNA was assayed for amino acid
acceptance with different enzyme preparations, the values
varied consilderably. The two tRNALYS specles, chromatogrgphed
twice on the RPC-5 system, did not give acceptance values
‘greatef than 1200 pmoles/A, ., unit. When two different tRNA%yS
pools were checked for glycine, iscleucine, threonine and

14

histidine acceptance, only 12 pmoles and 16 pmoles -

histidine/A unit and 5 and 12 pmoles of !“*C-threonine/A,q,

260

unit were accepted. The tRNA%yS pools accepted only 3 and
6 pmoles 1"C-—histidine/!\z60 unit. One possible explana“ion
for the, erratic results was that there was some sort of
degradative‘activity in the enzyme preparations. If this
was indeed the case, then in a time course experiment a

stable "plateau of cold TCA precipitable radioactivity

would not be observed. Figure 21 shows the result of such



Figure. 19:

FURTHER PURIFICATION OF tRNALYS By

. RPC~-5 CHROMATOGRAPHY

55 A260 units of tRNA%yS obtained by
fractionation on an RPC-5 column were
charged onto a 0.7 x 70 em coluﬁﬁu .
equilibrated wifth the buffer désqrﬂgfd

in figure 18. Elution was with a

linear gradient of ﬁaCl (0.45 M to 0.55 M)
in 700 ml1 of buffer: The Ope;ating
teﬁperature,was 37°C and 3.5 ml fractions

were collected.
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Figure 20:

o

FURTHER 'PURIFICATION OF tRNA%yS -

BY RPC—S CHROMATOGﬁAPHY

Lys

36 Azgo units of tRNA, were charged
) L)

onto’é 0.7 x 70 ¢cm column. The- conditions

v

were as described in figure 19 except

that elution was with a NaCl gradient_

"(0.45 M to 0.65 M) in 500 ml of the

buffer. Fraétion:Volume was 2.5 ml.

v
3
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LYS ACCEPTANCE'

Figure 21:

ﬁ'mo_lea/f\zeo unit
P=3
<n

12

10

0.8

.

04

02

MINUTES - "

TIME COURSE OF CHARGING: tRNAMYS aND

tRNA%yS

The incubation mixture described in
Table § was used with pH 5 enzyme' as a
source of synthetases. 0.04 A,qq unit
of tRNALYS and 0.05 Az, unif ofitRNA%ys‘
webe used.. Each point-is the avérage ‘

of a set of duplicates. S_pecifip act}vity

71




T an experiment whi'ch clearly-demonstrated loss of. the
aminoacyl-tRNAs. When charging was in the presence of
~ 60 ug ribosomal RNA per incubatlon mixture, the loss of
aminacyl—tRNA was reouced but not eliminated Similar
results have been obtained for purified methionine £RNA
when crude synthetases(mere used for obtaining acceptance
‘values (Patel and Bayley, unpublished results) In order
to obtain reliable amino acid acceptance values, an
attempt was made to purify lysyl-tRNA synthetase by affinity
; chromatography. Lysyl:tRNA synthetase_was‘ohtained from
an S-150 extract as shown in figure 22. From the profile
" it is evident that only Some of the 1ysy1-tRNA synthetase .

was retarded,by the-columngand.eluted,1ater than the bulk

& . B
of the. A, absorbing material. When a larger column was

80

employed the result was similar. No attempt was made fo

optimize the chromatographic conditlons for better recovery

~

of the synthetase since the material from these columns

was satisfactory as shown Fﬁ the results- in Table 14.7

Amino acid acceptance values were consistent and higher
L . . .
with this preparation. After BD-cellulose and reversed

phase chromatography, almost a 50=fold purificationm of the

v

two lysiné tRNA species_was, achleved.
o _ : N— . . :

-

1) Sephadex G-100 Chromatography and Aminoacylation of

Native and Renatured 'Lysine tRNAs .

L]

Since S-150 preparations were used .for. charging

<

tRNA for BD-cellulose chromatography; it was necessary to show

) o
that the presence of two species of tRNALYS was not the
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d Figure 22: PURIFICATION OF LYSYL-tRNA SYNTHETASE BY
. / ’ .
' ‘ AFFINITY CHROMATOGRAPHY
1 ml of a $-150 prepafation-was loaded
onto-a 0 5 x 15 em affinity column, o n
) previously equilibrated in solution D' g
Elution was with solution D' at a flow
rate 'of 12 -ml/hr. Fradtion volume was

1 ml. <100 wpl of eacﬁ fraction were .

assafed. 0.5 Azgo unit of crude tRNA
was used, Spetific ywetivity of !'YC-lysine

-was 312 mCLi/mMole.




Table 14

Each 0.225 ml reaction.mixture contailned the components
described in Table 6. With the G50, pH 5.0 and S-150
ehzymes, 0.05 A, ,units of tRNA%yS and 0.03 Az;o units
tRNA%yS'were used. - With the purified lys—s&nthetase,
0:02 A,60 unit of each species was added. The condltions

3

for inbubation were as described in "Methods™". -

-
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Table 14:"- AMINO ACID ACCEPTANCE OF. PURIFIED tRNA§ WITH

DIFFERENT SYNTHETASE PREPARATIONS l ‘

-“‘

A SYNTHETASE tRNA 1%c_1YS ACCEPTANCE  PURIFIC-
PREP - SAMPLE pmoles/A,,, unit ATION
S-150 UNFRACTIONATED P A 1
G50 " BD-CELLULOSE ‘ §31.u
pH5 326.1
5-150 329.8

RPC-5 (P6OL 1) *LYS 1 - . L¥S 2
] . S

G5ok2) ‘ 926 1012
pH5(1) 1593 1213
pH5(2) 157 932
© o 65001 R £ - 446
" RpC-5 (POOL 2)
ns , < ’
G50(1) : _ - 1062 1125 '’
G50(2), . | _ . bol 503
PHS(1) a 1179 1250
pH5(2) - 811 1087
‘LYS SYNTHETASE  BD-CELLULOSE 372
(affinity column) " ‘ | 368 H
' | ' LYS 1 LYS 2
RPC-5 (POOL 1) 1224 1361- “ » o
1257 1390
RPC-5 (POOL 2) 1547 1594 s

1596 . ..1601



result of nicked tRNA. One convenient method to show

that the two specles were intact was to denature the

tRNAs 1in the presence of 0.5% Ky/v) formaldehyde which
hydroiymethjlated cytoéine residues ,on heating. This
treatment prevented reannealing when the samples were '

_ cooled'(Boedtker,'1967). Cﬁromatography of the samples

on Sephadex G-100 (fine) 'showed that the elution pattern

of the nattve and denatured tRNAs‘wés not much different /-
(Figure 23). These resiults indicated that the tRNA
specles Wére intact. The results in.Table.1l5 showed that
there was a loss gf hypochromigity on heating in the
absence of formaldehyde but there was geannealing after

24 hours: The heating of tRNA samples with fbr@gldehyde,
however, resulted in the permanent loss of hypochrgmicity.
fpé charging data (Table 16) indicated that most of the
reannealed tRNA could be amiﬁoacylated. Optimgm conditions
for reannealing were not worked out and would be a likely

explanatién for noé obtaining complete charging (Fresco

x
”

g—?—?_}.‘.” 1966)- ’ . : . -

SECTION III. Prgperties of the two tRNALYS species

N

a) Difference in the 3'-terminal Oligonucleotide Sequences

=

N ~

) The ‘structural difﬂerences betﬁéen the éwo lysine
'tRNAé wére Investigated by analyzing the 3'-~ferminal

oligonucleotide fragments obtaiged.bﬁ hydroiyzing ﬁRNALyi
chérged with radioactive lysine, with T, %ibonucleage. A

: SR X L
mixture of ‘“Cflysyl—tRNA?ys and SH,lysyl—tRNAzyS was
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Figure 23:

CHROMATOGRAPHY OF NATIVE AND DENATURED

tRNALYS ON SEPHADEX G-100

a) 5.5 A,e, Units of native tRNA%yS were
loaded onto a 0.9 x230 em Sephadex G-100
column\equilipraﬁed in 0.5 M NaCl and

0.01 M Tris-HCl (pH 7.2). The sample
volume was 0.5 ml. Flow rate was ‘8 ml/hr,

1 ml fractions being collected.

b) 7.5 A, units of denatured tRNA%yS
in 0.5 ml were charged onto the column.
The procedure was identical to\that

described above.

¢) 6.1 A,g, units of tRNALYS (denaturea)
in 0,5 ml were charged onto the'column.

The procedure was as described above.

&
]

P




28

24

1.0

08—

0.6}

04}

oo~<

0.2r—

0.0

1.0}

08—

06—

1.0—

0.8

0.6

0A

09z,

0.21—

0.0

FRACTION NO.

E

“



Pt

77

[y ' y

Table 15: ULTRAVIOLET ABSORBANCE OF NATIVE AND FORMALDEHYDE
- b *
DENATURED LYSINE tRNAs

J ABSORBANCE

tRNALI"YS (918 pmoles/Azeo) 250 260 270, 280

NATIVE 0.96 1.09 0.94 0.62
RENATURED " 0.96 1.11 0.97 0.62
DENATURED in 0.5% formaldehyde 1.16 1.35 1.21 0.81
NATIVE in 0.5% formaldehyde 0.94 1.07 0.91 0.5l

NATIVE (80°C) 1,09 1.28 1.15  0.83

tRNA%yS (1012 pmoles/A,go)

NATIVE ~0:72  0.83 0.71  0.56
RENATURED “ 0.73 0.86 0.73 0.56 §§%
DENATURED in 0.5% formaldehyde 0.91 1.08 0.99 0.76 N
NATIVE in 0.5% formaldehyde 0.72 0.82 0.69 0.ho0

NATIVE (80°C) 0.3 0.98 0.91. 0.72

All samples were in 1/5 x D'. Denaturation in the presence

of formaldehyde was carried out at 100°C for 3 min. followeé

by rapid cooling on 1ice for 30 min. Renatur?d tRNA was prepared
by heating the sample ip the absence of formaldehyde for

3 min. and allowing 1t to cool at room'temperature for 24 hr.
Native tRNA in 0.5% formaldehyde was Ereated 1in the samée manner

except heating at 100°C was omitted:

£RNA in 1/5 x D' was heated for 3 min. at 100°C. When the
temperature of the sample was. approximately 80°C these

measurements were made.



e
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_Table 16: ACCEPTOR ACTIVITY OF NATIVE AND REANNEALED LYSINE

~r

" tRNAS

- ~ NATIVE REANNEALED

tRUALYS 918 pmoles/Azso anit, (1008) 703 pmoles/Azy unit (76.5%)

1012 pmoles/Azso unit (100%) 867 pmoles/Azeo unit (80.5%)
tRNA samples in 1/5 x D' were heated to 100°C for 2 min. in the
.'absenci‘g‘of' forméldeh&dg. The samples were left at room temperature

for 24 ‘ho{ms before use in the charging;eaction.

\ N
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N

~sligested with T, RNase and the oligonucleotides formed

. were chromatographed on a DEAE-sephadex column as described
in Methods. The results are shown in Figure 24. Both
the '*C- and 3H-radioactivities emerged at the 0.0l M
ammonium'for@a%e wash. Thls result showed that the T,
oligonucleotides from the 3'-terminus of the two tRNALYS

were the same both in their size and in the location of

~the first G-residue from the 3'-end of the tRNA. In support

of this result, unfractionated tRNA was charged with X“C—

lysine and treated in the same way as described above.
Again, all the !“C-radiocactivity emerged at the 0.01 M
' ) ‘ ) ’;’

ammonium formate wash.
)
i

1

b) Recognition-of tRNALYS and tRNALYS by E. coli Synthetases

The th lysine tRNAs were charged by g. cutirubrum

and E, géll,am;noacyl—tRNA synthetases. The results-.in l
Table 17 show pﬁat both FRNA specles were recogniéed.by the
’ﬁeberologoﬁs.enzyme. Although a quantitative compayison
of the level of chargingan the tRNAs‘iﬁ:the homologous and
‘Heterologous system is not valid since the heterologous
system-was not optimized,ﬁéhe results do indicate that tRNA%yS
N was.charged to a'greater extent by the E. coli synthetase

than tRNALYS .under identical conditions. This difference

_in the recognition of the two lysine tRNAs by the |

" heterologous Synthetase could reflect’ structural differences.

w




Figure 24:

.-

CO-CHROMATOGRAPHY OF RNASE T1 DIGEST OF

‘“C-LYS-tRNA‘;yS AND 3H-LYS-t‘RNAI;yS

66,”7OM cpm of ll'C-—13,rs—‘cRN1ﬂL-Il'ys'(23’{' Ci/mole)
and 33, 138 cpm of 3H—1ys—tR%ﬁ%ys (4380 Ci/
mole) were mixed with 0.5 mg crude tRNA in
the incubation mixture containihg RNase T1
déscribed in 'Methods‘.' Tﬁé digested- tRNA
was charged onto a DEAE-Sephadex A25 column
(0.5 x 15 em) equilibrated with 0.01 M
ammonium formate (pH 5.0), eluted with 20 ml
of 0.01 M ammonium formate (pﬁ 5.0); the
column was then elufed with a 1iﬁear gradient
of ammonium formate from 0.01 M (50 ml) to
1.0 M (50 m%). 1 ml fractions were colleoted

and counted for '“C-lysine and H-1lysine by

édding the fractions to 10 ml Aquasol. .

it
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Table 17: RECOGNITION-OF tRNA%yS AND tRNA%yS BY E. coli
. =

'SYNTHETASES
1%C-LYSINE INCORPORATED
; . pmoles/A2s0 unit tRNA
E. coli Enzyme H. cutirubrum Enzyme
tRNALYS 705 - 1486
tRNACYS \ 169 ‘ 1591 :

Y

The reaction mixtures described in Methods were used. In

and 0.30 Az¢0 units of tRNA%yS were added. The mi

v

- : ' Lys
the heterologous charging miXture 0.35 Az¢o units ig tRNAly

ure was

incubated at 37°C for 20 min with E. coli 5-150. In the
homologous system 0,02 Ajz¢p uﬁité og’the two lysine tRNAs
were added and incubated at 37°C for 30 min with lysyl-tRNA

synthetase purifieq-by'affinity chromatography.

.
.
U "

4
"
.,

'4}‘3{'

g“i‘v&

-
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‘were investigated by in vitro ribosomal binding experiments

82

¢) Coding Properties of tRNALYS ana tRNALYS 1n High sait
The coding properties of the two lysine tRNAs

*)
using the partially hydrolyzed polyribonucleotides poly(A),
poly(A:G::1.6:1) and poly(A:G ::1:1). From the results
in Table 18, it is evident that both tRNALYS 35pecies responded

almost equally well tio poly(A), and hence to the codon AAA.

Figure 25a shows the effect of an increasing concentration
of partially hydrolyzed poly(A) on the amount of the two

ll’C:-lys—tRNAs bound to ribosomess This result confirmed

that in Table 18. In Figure 25a the slight decrease in
binding observed with greater amounts of poly(A) was probably ﬁg‘
due to some precipitation of the polymer imr the high salt F%Q%

Table 18 and Figures 25 b and ¢ show the binding results

with poly(A G), tRNALys responded better than tRNALyS to
poly(A:G). The frequency of the two lysine codons AAA and
AAG, in poly(A:G ::1.6:1) was calculated to be 38%. _Tne‘
codon AAA consituted- 60% and the codon AAG, 40% of the

total lysine cbdone'in this’pof&mer. The &ffiqiency of
binding of tRnA%ys'to this polymer was only 50-67% of

the effieiency of tRNA%yS as seen in Table i8 and Figure 25b.
Lys

With poiy(A'G'° 1:1) (Figure 25c), tRNA, responded with X

47-52% of the efficiency of tRNhLyS In this polymer,
the codons AAA and AAG would be equally frequent ;ince
the binding of the two tRNALYS speciles reflects the

frequencies of the two codons in the copolymers, the
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Table 18: RIBOSOMAL BINDING OF ‘“c-Lys-tﬁNALys AND '%C-
1

Lys
LYS-tRNAY® AS STIMULATED BY POLY(A) AND POLY

(A:G) IN THE HOMOLOGOUS SYSTEM

14C-LYS-tRNALYS

. t*C-LYS-tRNALYS

(=

t*c-LyS-tRNALYS
¢ f5-tRNALYS

'*ciLys-tRNALys

'“C-LyYS-tRNALYS

pmoles ‘“C—lys—tRNALys bound to ribosomes

NONEt  +POLY(A) NET
0.16 0.76 0.60
0.18 0.68 0.50 ¢
NONE* +POLY(A:G::1.6:1) NET % LYS CODONS,
0.16 0.54 "0.38 38%
: _ AAA=60%

0.18 0.37 0.19 AAG=40%
NONEt +POLY(A:G::1:1) NET. #% LYS CODONS
0.16 0.37 0n 21 25%

. * [ARA=50
0.18 0.27 @ 0.09 AAG=50%

A

T
~

{

Each 0.125 ml reaction mixture had the components described.

8.3 p?oies of ll’C—lys—t:RNAI;ys and 8.1 pmoles of '“C-lys-~

tRNA%yS were added and 2.3 A,g, units of H. cutirubrum

ribosomes.

25 pg of the different partially hydrolyzed

polymers -were used.  The values are the average of two

experiments performed in duplicate.

t ~POLY(A)

‘

»




Filgure 25:

.
‘ 1

THE EFFECT OF VARYING CONCENTRATION OF .
POLYRIBONUCLEQTIDE ON THE BINDING !“C-
LYS-tRNALYS AND *“c-LYS-tRNALYS To

H. cutirubrum RIBOSOMES

8.3 .pmoles of '“C-1ys-tRNALYS and 8.1 pmoles
of ‘“C—lys—tRNA%ys were added to eagh reaction

mixture and 2.3 Ag2so units of ribosomes.

Incubation was at 37°C fqr 30 min. Each
. | 8]

point reﬁréseﬁts the average of a set of

duplicates. Binding of the ll‘C—].ys--’cRI\l!l.sLyS

in the absence of polynucleotide has bgen

Lys
1

0.19 pholes . }%C-lys-tRNALYS bound to

subtracted (0.17 pmoles '*C-lys-tRNA and

L]

ribosomes in the absence of template).

sz

a) Partially .hydrolyzed Poly(A).
b) Partially hydrolyzed Poly(A:G::1.6:1)

¢) Partially hydrolyzed Poly(A:G::1:1)

‘%\
-~
(1
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results suggested that while tRNA%yS responds to both

AAA and AAG, tRNA%yS responds only to AAA.

%ys -Lys

d) Binding of tRNA and tRNA;

to E,-coli Ribosomes

in Low Salt
r

The coding properties of the two 1§sine tRNAs
were investigated in the E. coll system using partially
hydrolyzed poly(A) and the trinucleotide AAG. Withs
partially hydrolyzed pqu(A) (Figure 26a), tRNA%yS
responded with gpproximately 585% of the efficiency of
: tR A%YS. This result was in contrast té that observed
in the high s.alt's'yste}n_. With AAG’_\(\Figupe 26b); tRNAEyS, )
responded with pnly 10% (approxim;teiy) of the efficiency
of tBNA%yS; again suggesting that .tRNALYS does not respond

to AAG. Neither tRNA%yS nor tRNA%ys responded to the codon

1

)

.

KpApU (results not shown).




'

Figure 26:

8.3 pmoles of !“C-lys-tRNA

BINDING OF tRNALYS anND tRNALYS 70 E. co1i
RIBOSOMES IN LOW SALT IN RESPONE TO PARTIALLY

L

HYDROLYZED POLY(A) AND AAG.

Lys

; and 8.1 pmoles

of '*C-1ys-tRNALYS  and 2.68 a,,, units of
E. coll ribosomes were adéed to the reaction
mixture described 1in Methodsﬁ'ilncubation
was at 24°C for 20 min. Binding of '“C-
lys—-tRNAs ‘in the absence of template has
been subtacted Lg.ul pmoles ll’C—15,'s—t:RNAE'yS
and 0.37 pmoles I"C-lys—tRNAEyS bound to
'ribosomes in the absence of template) .,

Each point represents the average of a set

of duplicates,

v
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IV. Discussion

The intent of this theslis was to extend the

work on codon assignmenfs in H. cutirubrum for some of

the acidic and ba§ic amino acids ;or the reasons discussed
in the introduction. tRNAMYS species were“also puriried
with the aim of s§u§ying codon-anticodon response with
partially hydrolyzed poly(A) and poiy(A;G). E
The experiments on codon assignments were

unsuccessful because of the difficultles encountered with

the H. cutirubrum ribosomal binding system using trinucleotides

as templates . The response of unfractionated aspartyl-,
Sy
£
asparaginyl-, glutamyl-, . histidinyl- and lysyl-tRNA to the

codons GAU, GAC, AAU, AAC, GAA, GAG, CAU, CAC and AAG was

negligible in the high salt system. Of these only lysyl-
tRNA responded to partially hydrolyzed pq}y(A) confirming
the result of White and Bayley (1972b). The use o% other
copolymers 1in this work was preclgded since those contalilning
adenine and cytosine precipitated oyé in the high salt
(Bayley and Griffiths, 1568b). Attempts at improving the \
binding reaction by varying the conditions of the 1pcubation
mixture were unsuccessful. Two of these are of inseresti

It was thought that ugder mild ionic c9ndition§ which
preserved the integrity of the ribosomes, the likelihood

of forming ribosome—aminoacyl—tRNa-templatg complexes might

be increased. Hence, potassium ghloride was replaced by

50% sucrose in the incubation mi;ture. White and Bayley.

& . B4
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(1972b)"showed that a mixture of ribosomes and poly(A,U)

in a 40% buffered sucrose solution formed stable complexes.
After diglysis against a Solution conﬁaing 3.4M KC1, such -
preparations could be used in cell-free protein synthesis.
A mixture of ribosomes and a trinucleot;de AIn sucrose
added to a modified reaction mixture failed to improve the
response. In this experiment the ribosomal-trinucleotide
mixture could not be dialyéed against high salt before use
as the template would have Q?en lost. When spérmidine was
used in place of magnesiuﬁ acetate, agaln no response was
observed. This result is in contrast to that of Takeda
(1969a, b) who showed that spermidine cowld replace magnesium
in vitro'in both fo ribosomal binding assay and the cell-
free protein synthesis system of g.‘coli.

It was of interest to sgﬁ%y the response of the
halophile tRNAs under 1nvestigatio; in the heterologous
system using g. ggil'ribosomes. The reéﬁlts clearly showed
that these aminoacy1~tRNAs responded to the establiéhed

cpdons. . These results, however, leave unanswered the gquestlon

of the effect of ioms on the fidelity of translation but

" they do support the idea that in the course of evolution of

the halophilic bacteria the tRNA molecule and the mechanism

of codon recognition were essentially nonvariant. It 1is

probable that the ancilliary factors in protein synthesis
may have been modified in adapting to the high salt ' »

environment‘(Bayley and Griffiths, 1968b). Bayley and co-

workers assigned 28 codons for H. cutirubrum using either
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-here, it is likely that H. cutirubrum uses the established -

From the elution pdttern, it was infered that elther the

AN
* .
+

the .cell free @rotein synthesis system or ribosomal
binding system. Thelr data supported the concept of the
universality of the genetic code. Moreover, i1t was shown

that both E. colil and ﬁ.'eutirubrum tRNA recognized the

9

same_ codons in both the homologous and heterologous systems.

On the basis of these findings- and the data presented

. code in full. - The negative results obtained for the

halophile system may be dug to an inherent ine ficiency

in using trinucleotides in the EE;XEEEQ ribosomal binding

assay. Rottman and Nirenberg (1966) and Thach and‘SundaraJen
(1965) showed that the template activit& of homooligonucleotides
depends on their chain length. Recently, Gassen et al., ig—-

(1972) studied the binding of oligonucleofides to ribosomes. ;
%

2

These. authors suggested that the binding of a short-chain . 1y

S

P

oIigonucleosidé strictly deoended on the presenee of a tRNA
coded by 1it. However, their results clearly show that
pentanucleotides bind ribosomes more readily thaq tri—gand
tetra-nucleotides in the absence of tRNA. Similar studies
in the helophile system could clarify the results preSented

here. ’ -

* .

Purification of tRNALYS on Bb~cei1ulose col%mns ..

did not indicate the’présence of two isoaccepting species.

~1§sihé tRNAs were hydrophobic or that under the chromatographie

-
~

condiﬁions ‘the two species assumed a less COmpact con—

formation than normally, thus resulting in tighter binding
&



~used in purifying lysine tRNA on BD-cellulose,
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to BD-cellulose. Uncharged tRNA chromatograptied on these
columns also showed 1ysine acceptor activity in the ethanol
fractions. Thus , charging the tRNAs does not appear to
alter the chromatographic\behaviour of lysine tRNAs. These’

two species appear to be peculiar in this respect since

tRNALYS« from E. coli (Gillam et al., 1967), baker's yeast

(Sen and-Ghosh, 1973), Bacillus subtilis (Chuang et al.,
1971) and rabbit reticuiocytes (Rudloff and Hilse, 1971)
eluted with sodium chloride buffer alone and at ,concentrations

gnerally lower than those used here. The ather chromatographic

conditions were'comparable

The two isoaccepting specles,. tRNALys " and tRNA%yS‘ T awm
resolved by the RPC-5 ‘system were in the approximate
. proportion of 60% ;nd MO% respectively. The purity of the %g
two lysine tRNAs could not be judged by acoeptanoe-of-J“C; i%é

lysine using the crude synthetase since this preparation
degraded the‘tRNAs This problem was eliminated by purifying
the 1ysy1-—tRNA syn&hetase by affinity chromatOgraphy ..
However, the problem was only serious with highly purified

preparations of tBNA.where the amount'of tRNA used in the
incubation mixture was small. Because of the procedure

it was possible

that one of the two :}ecies from RPC-5 system was an artifact.

Gel fiYtration of native and denatured forms of the two

.spécies oﬁ Sephadex G-100 ylelded peaks not differently

retarded. - Reannealed tRNA samples (heat denatured in the

absende of formaldehyde) showed 1'*C—13(.str1<3 acceptance
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greater than 75% of the native forms. These -results
confirmed’ the presence of two tRNALX§ species.

The 3'—perminal fregments of the lysine tRNAs .
obtained by ribonucleese T; digestion were of the same
size -and composition as shown by the elution pattern
fram a DEAE-Sephadex column. Both tRNAYYS, and tRNALYS
were recognized by E. colil synthetase. Although tﬁe
heterologous aminoacylation reaction was not optimized,
1t was clear that tRNALYS was more readily recognized

than tRNALYS under identical conditions. Both lysine tRNA

specles were recogﬁized eqdally well by the H. cutirubrum

enzyme. The resulps of heterologous charging indicated
that the two species were HQP ohly chromatographically
distinct but may have structural differences net apparent
in- the study of 3'-terminal fragments. Furthermore, the
results of the heterologous chargigg of the purified tRNAs

are in agreement with those of White and Bayley (1972a)

-~

who/showed that unfractionated H. cutirubrum tRNA was

' “recognized for lysine by ‘the E. coli enzyme.

‘Lysine is coded by the triblets AAA and AAG iq
the established code. The 'wobble* nypothesis (Crick, 1966)
predicts that a 1ysine tRNA species with the anticodon CUU
will recognize only AAG while a 1ysine tRNA species with
‘the anticedon QUU can recognize-bobh AAA and AAG. Thus,.U
iﬁ.the first position'of the anticodon will not only form o

the standard base pair U-A but also the non-standard base

eair U-G. The‘results of the coding.response of the two

>
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tRNALYS species from H. cutirubrum strongly suggest that

tRNALYS recognized both AAA and AAG codons while tRNALYS
recognized primarily AAA. The results .of the heterologous

binding assays were consistent with those obtained in

Lys

?he homologous system. The lower response of tRNA,

compared with that of tRNA%yS'to AAA in the heterologous
binding system may reflect structural or conformational
differences in the anticodon loop of the Ewo specles not
apparent in the homologous system. Species. of tRNALYS
which primarily recognize AAA but respond éo AAG less ;
éfficiently have been pﬁrified from baker's yeast (Sen

and Ghosh, 1973), B. subtilis (Chuang and Doi, 1972), rat
liver (Nishimura and Weinstein, 1969; Liu and Ortwerth,
-i972) and from rabbit reticulocytes (Woodward and‘Hérbert,-
1972). The specificity of recognizing AAA by a lysine

tRNA specles of baker's yéast has been gorrelated to thé
presence of 2-thio-5-carboxymethyluridine meth;l ester

(U*) at the first position of the anticodon. Indeed,
preferential reading of adenosine in the third letter of’
the codon-has been shown to be due to urid?ne derivatives
in the first lett%f of the anticodon of othgr_species of
tRNA. Yeast tRNACGU recognizes only GAA and this was shown
-to be due to the grésence of U¥ in ‘an identical position.A‘
Similarly, tRNAGLIU gpecies which responéed-only to GAA

from rat liver (Folk and Yaniv, 1972) and  E. coli (Ohashi
et al., 1972) had 5-methyl-2-thiouridine and 5-methylamino-

‘.methyl-Z—thiouridine respécxively in the first position

3
g



adjacent to the 3'-end of the anticodon. These authors

of the anticodon. Furthermore, E. coli tRNAGln ywhich S
specifically recognizes CAA also has a thiouridine derivative

in the first position of the anticodon. Thus, the apparently

low recognition of AAG'by H. cutirubrum tRNA%yS may be due

to the presence of a 2-thiouridine derivative in the first

>

positlion of the anticodon. However, another explanation <5
for this behaviour of tRNA%yS may be tenable. The result

could be due to é unique cénformatién of the ant}codon loop

of this specles. Ghosh and Ghosh (1972) ggporéed that
yéast and wheat germ ppenylalaniné tRNA species sﬁ@wed )

restricted recognition of uridine in the third position of

the codon after removal of the 'Y' base normally located

attributed théir results to a conformatiocnal change in the

anticodon. Similar structural studles remain to be done
for the halophile tRNALYS to account for its behaviour.
«- Since tRNALYS responds to both AAA and AAG, it

is reasonable to poétulate UUU as 1its anticodon. Th1§

'species.did not respond to the triplet AAU 1in the heterologous

system suggesting.that uridin-5-oxyacetic acid is not
present in the first position of its anticodon.

The exiétehce of isocaccepting Specieg of tRNAs
have been demonstrated, in b;cter;al and mammalian sysfems;
Their possible involvement in modulating severallﬁidlogical
processés or in‘ensuring the‘fidelity of translation has
been diécussed.‘,The latter- suggestion 1s particularly

appealing. in the halophile system because of the extreme

fonic conditions undetr which protein synthesis occurs.
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_ Nishimura et al., (1969) showed that increased salt

. reading of the code by some species of tRNA.

9l

3

concentration in the celi-free protein synthesis system
of‘g. col¥ resulted in ambiguity in translation. Further,

chromatographically distinct H. cutirubrum iscaccepting

tRNA" species for phenylalanine (2) (Griffiths, 1970),

glutamic acid (2) (Dingle, 1973) glycine «(3) (Dingle and .
Bayley, personal communicabion), cys%;ine (2) and histidine
(2) (see appendix) have beensdemonstrated. These isocaccepting

specles are in relatively high proporticns. Thus, 1t is

- tempting to suggest that the fidelity of translation in

halophilic¢ bacteria may be pbrtly achieved by discriminative
Studies 1in

this direction would be valuable in understanding how : .

-miscoding is avolded under such extreme .ionlc conditions.
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Figure 27: CHROMATOGRAPHY OF !*C-CYSTEINYL-tRNA

ON BD-CELLULOSE

" 94 A,s, units of crude tRNA charged with
Lvc_cysteine (130, 682 cpm) were chérged
onto a 1.6 x éj'cm BD-céllulosé column' -

- previously equilibrated in 0.01 M magnesium
chloride, 0.05 M sodium acetate (pH J.S),
6.005 M 2-mercaptoethanol and 0.45 M sodium

chloride. Elution was with a linear gradient

of'sqdium chloride (0.45 M to 0.85 M) in
560 ml of the above buffer. 2 ml fractions

‘were cbllected at a flow rate of 36 ml/hg.

- The first peak of radioactithy'constiypted
approximately 35% and the éecgnd peak 652
of the total radioac@i?ity ip the salt
fractions. Ihlanotﬁer experiment, thé two
peaks were.pooled separately, dischargéd g

1 aﬂd recharged with '“C-cysteine. . Cﬁromatography
~ of the two fractiqnf under 6h¢_conditions°:.

described above, showed that the tRNAs

\ eluted in identical pesitions.
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Figure 28: CHROMATOGRAPHY OF !“C-HISTIDINYL-tRNA é

ON BD-CELLULOSE

Y

108 A,g, units of crude tRNA charged with
1%Cc-histidine (1.1 x 10° cpm) were applied
to a 1.6 x 30 cm BD-cellulose co}umn
equilibrated in the starting buffer
described in fig. 27. Elution was with

a 1linear gradient of sodium chloride (0.45 M
to 0.9 M) in 580 ml of the sodium acetate\
buffer (pH 4.5) described previously. - )
2 ml fractions were collected at a flow

~

rate of 36 ml/hr.

The first peak oﬁ radioactivity contained
approximately 40% and -‘the second. peak 60%

_of the total radioactivity in the salt .

%ﬁa . fractions. The gwo peaks eluted in the

- same positiocons when‘poolea and re—chromatograﬁhedf
separdtely in another gxperimept undér the

conditions described above,
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