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Protein has been known as an important macromolecule which has a vital role among the living organism. One of the
most interesting protein is Arclp, which is a yeast-specific tRNA-binding protein. Arclp is a unique protein that has the
ability to form a ternary complex with glutamyl-tRNA synthetase (GIuRS:) and methionyl-tRNA synthetase (MetRS) in
the cytoplasm. This complex can significantly enhance the aminoacylation efficiency of these two aaRSs to their
respective cognate tRNAs. Recently, it was found that Arclp can be biotinylated via post-translational modification at
Lys86 (K86) in the N-domain. Here, we try to figure it out what kind of method that will help to create some clear
information both in structure and function of this protein, when mutations occur inside of the K86 site within SSKD
motifs of Arclp. Several methods to better understanding obviously about protein characteristics comprises protein
structural analysis; such as gel mobility shift assay, CD Spectroscopy, and limited proteolysis; protein functional analysis,

and in silico modeling.
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INTRODUCTION

Protein is an important macromolecule which
has an indispensable role in the widely living
organism. Analysis of protein became a very
important step in biochemistry and biomolecular
study. Extensive application from this analysis
will be more helpful to understand both
structure and function. For example, is protein
Arcl. Arclp (Aminoacyl-tRNA  Synthetase
Cofactor 1) is a vyeast-specific tRNA-binding
protein that has the ability to make a ternary
complex with glutamyl-tRNA synthetase (GIuRSc)
and methionyl-tRNA synthetase (MetRS) in the
cytoplasm. This complex can significantly
enhance the aminoacylation efficiency of these
two aaRSs to its cognate tRNAs. Recently, Arclp
can be Dbiotinylated via post-translational
modification at Lys86 (K86) in the N-domain.
Lysine itself commonly plays an important role in
the structure [1]. Identification of Arclp as a
novel biotinylated yeast protein became very
intriguing to find since Arclp is not known to be
involved in any carboxylation reaction
(carboxylation, decarboxylation, or
transcarboxylation reactions) [2].

Furthermore, in Arclp a lack of sequence
similarity was reviewed between the biotin
binding site and the highly conserved biotin
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binding consensus sequence of known
carboxylases, AMKM [3]. Mostly biotinylated
lysine residues are positioned within this
consensus. However, Arclp may still be
biotinylated in vivo. One interesting thing is that
biotinylation of Arclp was performed by the
same enzyme which also catalyzes some yeast
carboxylases, Bpllp. SSKD in Arclp may
represent a secondary biotinylation site for Bpllp
[3]. In this review, we try to figure it out what
kind of method that will help to create some
clear information both in structure and function
of this protein, when mutations occur inside of
the K86 site within SSKD motifs of Arclp.

PROTEIN STRUCTURE ANALYSIS METHOD
Streptavidin-based Gel Mobility Shift Assay

Gel mobility shift assay is a usual and
common tool in molecular biology to check
characteristic of the protein. In this case, Arclp
known has biotinylation activity [3]. Thus, in
order to measure the relative biotinylation levels
of Arclp variants from WT and yeast mutants, a
streptavidin-based gel mobility shift assay was
determined [4]. This phenomenon was based on
due to the almost irreversible binding of biotin
with streptavidin (Ka= 101 M) [5]. This binding is
one of the strongest interactions between
noncovalent molecules. Highest known affinity in
nature between these two molecules has been
largely applied as a powerful tool for diagnostic
purposes [6].

Besides streptavidin, avidin also has the
ability to binding with biotin. Moreover, there
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was research of 3D structures of both avidin and
streptavidin to compare their binding properties.
This research exhibit that both proteins have a
conserved tyrosine-containing stretch (Fig. 1)
[6,7] The difference between avidin and
streptavidin is the lengths of the loops that
happened when binding of biotin, 36-44 in avidin
and 45-50 in streptavidin, respectively. As
consequences, the longer loop of avidin causes
tighter closure of the occupied binding site [6].
Recently reported that avidin has a tighter
binding of biotin than streptavidin (K¢ =6 x 107
and 4 x 10 M, respectively) [8].

AVIDIN Thr - Gly - Thr =Tyr - lie - Thr — Ala - Val
40 45
STREPTAVIDIN Thr = Gly = Thr = Tyr = Glu ~ Ser - Ala - Val

Figure 1. Conserved sequences of avidin and streptavidin
tyrosine-containing stretches [7]

Circular Dichroism (CD) Spectroscopy

Circular Dichroism (CD) Spectroscopy is well
known as a common method in order to study
and analyze the secondary structure or
conformation changes of macromolecules, in
which sensitive to its environment, temperature,
pH, or interaction with other molecules. An
important concept of CD spectroscopy was that
this is a result of the interaction of polarized light
with chiral molecules since most biological
molecules are chiral (Fig. 2). The best example is
19 of the 20 common amino acids that form
proteins are themselves chiral, along with the
higher structures of proteins, like DNA and RNA
[9]. Recently, most widely applied of circular
dichroism are for study the secondary structure
of proteins, such as the a-helix and the B sheet
(Fig. 3).

Moreover, this method allows us to explore
deeper the higher order structures of chiral
macromolecules including proteins and DNA.
Importantly, in CD spectrum, the structure of a
DNA molecule or protein is not a total of the CD
spectra from the individual residues or bases but
is extremely influenced by the 3-dimension
structure of the macromolecule itself. This could
be because each structure from a macromolecule
has a specific circular dichroism characteristic,
and allow to identify structural elements at once
the structure changes of chiral macromolecules.
Principally, the CD is an inference from the
interaction among polarized light with chiral
molecules [9].
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In this case, CD Spectroscopy was used in
order to investigate whether biotinylation affects
the secondary structure of Arclp variants. Using
purified Arclp, the secondary structure changes
of Arclp, eventually revealed. Protein structure
can be determined by CD Spectroscopy in the far
UV, which is an a-helix has the negative band at
222 and 208 nm, and B-sheet has a negative
band at 218 nm. Also, CD Spectroscopy
conducted to compare the thermal stabilities of
Arclp variants [4].

Figure 2. The principle of circular dichroism (orange
cuboid represents the sample) [9].
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Figure 3. The secondary structure conformation and the
CD spectra of protein structural elements.
Upper is the associated CD spectra. Bottom left
(blue outline) is a B-sheet and the bottom right
(red outline) is an a-helix [9].
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Limited Proteolysis

Limited Proteolysis was used to check and
analyze structure conformational changes of the
protein [10,11]. The main concept of this method
is the incubation of protein with one or several
types of protease at various time. Subsequently,
this enzyme will be cut at recognition sites inside
the protein (Fig. 4) [12,13]. Proteolysis of a
protein substrate specifically occur only if the
polypeptide chain has the ability to bind and
adapt to the specific stereochemistry of
protease’s active site [14]. We can change some
variables, such as type of protease, dilution of
protease, temperature and time of incubation.
After digestion by protease, identification of
cleavage products could be identifying by SDS-
PAGE. Digestion of full-length protein can be
detected by the lower molecular weight bands,
together with intensity and appearance of bands
can be observed [13].
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Figure 4. Principle of Limited Proteolysis [17]

Various application of limited proteolysis has
been discovered. This method was very useful in
protein study such as crystallization studies, or in
situ proteolysis for protein crystallization and
structure determination; like to expect the
presence of stable sub-domains [12]. Limited
proteolysis also can be used as a surface probe
for membrane proteins [15]. Besides, limited
proteolysis also able to detect binding between
one protein to another, in a way by running two
identical sets of proteolysis experiments, with
and without the putative target. The expected
result will exhibit by the rate of digestion of the
protein. When it is slowed by the addition of the
putative target, one can take finding that they
interact with each other [12,16].

In the case of Arclp, limited proteolysis can
be used in order to test whether biotinylation
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will alter the structural flexibility of Arclp.
Limited proteolysis with Arclp/trypsin using is a
ratio of 1,000:1 and conducted at 30 and 37°C.
They were using 0, 8, 16, and 16 minutes of time
[3]. After the treatment of trypsin, the result will
be obtained which Arclp is more flexible in term
of structure than the others.

PROTEIN FUNCTION ANALYSIS METHOD
Complementation Assay

Arclp has become one of the most intriguing
research topics in recent years. Arclp is an
auxiliary protein of the MARS complex, which
also consists of two aaRSs, GIuRS and MetRS. This
protein is also known as a homolog of human
p43. Arclp has a key role in some cellular
activities, such as in multiple cellular pathways,
tRNA channel, and nucleocytoplasmic transport
[2,18].

Complementation assay generally used to
test the rescue activity of knock out strain. This
method could be conducted to analyze
mitochondrial or cytoplasm activity. Selective
medium for cytoplasm and mitochondrial activity
were using 5-fluoroorotic acid (5-FOA) and YPG
medium, respectively [19]. In the case of Arclp,
complementation assay was held in order to
investigate whether biotinylation of Arclp will
affect the activity in vivo. Genes encoding the
wild type and mutant of Arclp were respectively
cloned in pADH vector (high-copy number yeast
shuttle vector with a constitutive ADH promoter
and a LEU2 marker). Subsequently, the resulting
constructs were tested in an arcl yeast strain at
209C, 309C, and 37°C respectively in SD/-Leu
plates [3]. Using this method, we can conclude
whether biotinylation is needed for rescue
activity of Arclp.

IN SILICO MODELING

There was some method related to structure
analysis of protein. One kind of method is in silico
modeling. In silico modeling methods are
computational-based approaches to analyze and
simulate the macromolecules, include protein. In
this method we also able to predict and visualize
molecule. Recently, in silico modeling is often
used in combination in vivo analysis [20].
Moreover, in silico tool also widely used in
pharmacology, toxicology, and drugs. For
example, this method has been developed to
predict all drugs activity and reaction once they
get in into the human body or certain organism
[21].

In this case, Arclp can be analyzed by
interaction with another molecule, such as GIuRS
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and MetRS. As we know, Arclp is an auxiliary
protein of the MARS complex, which also consists
of two aaRSs, GIuRS and MetRS [2]. Based on a
recent experiment, the catalytic efficiency of
Arclp-GIuRS increase by 100-fold for its cognate
tRNASM [22]. Using in silico modeling, we allowed
to analyzing chemical and biological properties in
Arclp to represents within software tools to
predict.

CONCLUSION

Arclp defined as yeast-specific tRNA-binding
protein and has the primary ability to make a
ternary complex with glutamyl-tRNA synthetase
(GIuRSc) and methionyl-tRNA synthetase (MetRS)
in the cytoplasm [3]. This complex’s main
function is to enhance the aminoacylation
efficiency of both, GIuRS. and MetRS, for their
cognate tRNAs. Specifically, Arclp acts as a tRNA-
attracting molecule thus enhancing tRNA
availability for these two enzymes [5,23].
Although Arclp lacks a highly conserve
biotinylation consensus and does not engage in
any biotin-dependent carboxylases reaction,
Arclp still has biotinylation activity, even when
modified by Bpllp in yeast [3,24]. One another
interesting thing is that Arclp is only biotinylated
by Bpllp, while other biotin protein ligases, such
as HCS in mammals and BirA in E. coli, do not act
on Arclp as a substrate. It has recently been
known that a high degree of similarity among
biotin binding domains makes broad substrate
specificity. Since it is known that biotin protein
ligase has the ability not only to biotinylate
different in the apoenzyme in the same organism
but even came from different organisms, this
finding is remarkable. Like in previous reports,
the SSKD motif may represent a secondary
biotinylation site for yeast Bpllp [25]. Despite
having very vital functions, arc1A mutants are
not lethal. This is caused by the operation of a
second, exportin Loslp which is required by
aminoacylation-independent nuclear  tRNA
export pathway in yeast [26]. Lethality in yeast
only occurred when inactivation of these two
genes, ARC1 and LOS1 occurred simultaneously,
resulting in no additional tRNA export pathway
existing in yeast [18,23].

In this review, we could see some method
which usually uses in the study of the structure
and function of a protein. Based on the
description above, Arclp is likely to remain one
of the interesting research objects in the
biomolecular field. Some of the methods
described above will open up new knowledge
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regarding the characteristics of this protein.
Subsequently, from the results of the structure
and function analysis, may be able to draw
conclusions, why Arclp has very unique roles and
characteristics. This may lead to a better
understanding of several methods of a complete
view related to protein attributes. Thus, our
review about some methods in the study of
protein characteristics, especially in Arclp, may
only represent a little in fact that nowadays
technology and molecular techniques are
absolutely developing rapidly.
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