2451 Structure and Classiication

oF Lipids

Lipids are naturally occurring molecules
from plants or animals that are soluble In

nonpolar organic solvents.

Lipid molecules contain large hydrocarbon

portion and not many polar functional group,
which accounts for their solubility behavior.
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Classification of Lipids &~ €©°1 + K=ok
Lipids that are ester or amides of fatty acidsk— i’-a,i

Waxes — are carboxylic acid esters where both
R groups are long straight hydrocarbon chain.
Performs external protective functions.

Triacylglycerol — are carboxylic acid triesters of
glycerols. They ae a maor source of
biochemical energy.

Glycerophopholipids - triesters of glycerols that
contain charged phosphate diesters. They help
to control the flow of molecules into and out of

cells. — o ;
or <3 R’f'&/
o k‘
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Sohingomyelins — amides derived from an
anino alcohol, aso contain charged
phosphate diester groups. They are essential
to the structure of cell membranes.

Glycolipids — amides derived from
sphingosine, contain polar carbohydrate
groups. On the cell surface, they connect with
by Intracellular messengers.
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Lipids that are not esters or amides:

Seroids — They performs various functions
such as hormones and contributes to the
structure of cell membranes.

Eicosanoids — They are carboxylic acids that
are a specia type of intracellular chemical

messengers.
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24,3 Properties off Fais and OIS

Oils: A mixture of triglycerols that i1s liquid
because It contans a high proportions of
unsaturated fatty acids.

Fats: A mixture of triglycerols that is solid
because It contans a high proportions of
saturated fatty acids.
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Properties of triglycerols in natural fats and
olls:

Nonpolar and hydrophobic

No 1onic charges

Solid triglycerols (Fats) - high proportions of
saturated fatty acids.

Liquid triglycerols (Qils) - high proportions
of unsaturated fatty acids.
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24 4" Chemical Reactions of

Iriiglycerols

Hydrogenation: The carbon-carbon double bonds
INn unsaturated fatty acids can be hydrogenated
by reacting with hydrogen to produce saturated
faity acids. For example, margarine is produced
when two thirds of the double bonds present In

vegetable ol is hydrogenated.
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Hydrolysis of triglycerols: Triglycerols like any
other esters react with water to form their carboxylic
acid and alcohol — a process known as hydrolysis.

- In body, this hydrolysis is catalyzed by the
enzyme hydrolase and Is the first step in the
digestion of dietary fats and ails.

- In the laboratory and commercial production
of soap, hydrolysis of fats and oils Is usually
carried out by strong agueous bases such as
NaOH and KOH and is called saponification.
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24.5 Cell' Viemprane Liplds:

Phesphilipldsiand Glycoliplids

Cell membranes establish a hydrophobic
barrier between the watery environment in the
cell and outside the cell. Lipids are ideal for
this function.

The three major kinds of cell membrane lipids
In animals are phospholipids, glycolipids, and
cholesteral.
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Phosphoailipids contain an ester link between a
phosphoric acid and an alcohol. The alcohol
IS ether a glycerol to give a
glycerophopholipid or a sphingosine to give
sphingomyelins.

Glycolipids:  Glycolipids are derived from
sphingosine. They differ from sphingomyelins by
having a carbohydrate group at Cl instead of a
phosphate bonded to a choline.
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24,5 CelllMiembrane Lipids;

Cholester ol

Anima cell membranes contain significant
amount of cholesterol.

H.C
CH,
H,C

Cholesterol

HO
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Cholesterol I1s a steroid, a member of the
class of lipids that all contain the same four
ring system.

Cholesterol serves two important purposes.
as a component of cell membranes and as a
starting materials for the synthesis of all
other steroids.
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247 Structureof Cal Membranes

The basic structural unit of cell membrane is lipid
bilayer which 1s composed of two parale sheets of
membrane lipid molecules arranged tail to tail. Bilayers
are highly ordered and stable, but still flexible.
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When phospholipids are shaken vigorously
with water, they spontaneously form
liposome — small spherical vesicle with lipid
bilayer surrounding an agqueous center. Water
sol uble substances can be trapped in the center
of the liposome, and lipid-soluble substances
can be incorporated into the bilayer.
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24.8 Iiransport Acroess Ceéll

M embranes

The cell membranes alow the passage of
molecules and 1ons into and out of a cell by two
modes; passive transportation and active
transportation.
Passive transport — substances move across the cell
membrane freely by diffusion from regions of
higher concentration to regions of lower

concentration. Glucose Is transported into many
cellsin thisway.
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Active transport - substances move across the
cell membrane only when energy iIs supplied
because they must go in the reverse direction
from regions of lower to regions of higher
concentration. Only by this method, cells
maintain lower Na® concentration within
cells and higher Na® concentration In
extracellular fluids, with the opposite
concentration ratio for K™,
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Extracellular fluid

Fig 24.9 An example of
active transport
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Properties of cell membranes:

Cell membranes are composed of afluid like
phospholipid bilayer.

The bilayer incorporates cholesterol, proteins,
and glycolipids.

Small nonpolar molecules cross by diffusion
through the lipid bilayer.
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Small 1ons and polar molecules diffuse
through the agueous media in protein pores.
Glucose and certain other substances cross
with the aid of proteins without energy input.
Na", K*, and other substances that maintain
concentration gradients inside and outside
the cell cross with expenditure of energy and
the aid of proteins.
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25.2 Lipoprotensior Lipid IFranspert

Lipids enter metabolism from three different
sources. (1) the diet, (2) storage In adipose
tissue, and (3) synthesisin theliver.

Whatever their source these lipids must
eventually be transported in blood, an agueous
media.

To become water soluble, faity acid release

from adipose tissue associate with albumin. All
other lipids are carried by lipoproteins.
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26.1 DNA, Chromoesome, and Genes

DNA (deoxyribonucleic acid): The nucleic acid that
stores genetic information.

Chromosome: A complex of proteins and DNA
molecule: visible during cell division.

When a cell is not actively dividing, Its nucleus Is
occupied by chromatin, which is a compact tangle of
DNA twisted around proteins known as histones.

During cell division, chromatin organizes itself into
chromosome.
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Each chromosome contans a different DNA
molecule, and the DNA is duplicated so that each
new cell recelves a complete copy.

Each DNA molecule is made up of many genes —
individual segments of DNA that contain the
Instructions that directs the synthesis of a single

polypeptide.

Number of chromosome varies from organism to
organism. For example, a horse has 64 chromosome
(32 pairs), a cat has 38 or 19 pairs of chromosomes,
a mosquito has 3, a human has 46 or 23 pairs of
chromosomes.

Prentice Hall © 2003 Chapter Eighteen 33



26.2 Compoesition of Nucleic Acids

Nucleic acids are polymer of nucleotides.

Each nucleotides has three parts. a five-
membered ring monosaccharide, a nitrogen-
containing cyclic compound that Is a base,
and a phosphate group.

There are two kinds of nucleic acids,
deoxyribonucleic acid (DNA) and ribonucleic
acid (RNA). The function of RNA is to put
the information stored in DNA to use.
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In RNA, the sugar is ribose.
In DNA, the sugar is deoxyribose.

) Deoxycytidine 5 -monophosphate (dCMP)

——""(a ribonucleotide) (a deoxyribonucleotide)

Prentice Hall © 2003 Chapter Eighteen
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Base componenet

Thymine Is present only in DNA molecules.
Uracil 1s present only in RNA. Adenineg
guanine, and cytosine bases are present In
both DNA and RNA.

The combination of ribose or deoxyribose
and one of the bases listed In Table 261
produces a nucleoside.

Nucleotides are building blocks of nucleic
acids. Each nucleotide 1s a b5'-
monophosphate ester of a nucleoside.
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26.3 TTheStructureof Nuclaic Acid

Chans

The nucleotides are connected in DNA and RNA
by phosphate diester linkages between the —OH
group on C3' of the sugar ring of one nucleotide
and the phosphate group on C5 of the next
nucleotide.

The structure and function of a nucleic acid
depends on the sequence in which its individual
nucleotides are connected.

The differences between different nucleic acids are
provided by the order of the groups bonded to the
backbone and bases.
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26,4 Base Pairing i BNAS TFhe

\Watson-Crick Vodel

DNA samples from different cells of the same
species have the same proportions of the four
heterocyclic bases, but samples from different
species have different proportions of bases. For
example, human DNA contain 30% each of
adenine and thymine, and 20% each of guanine

and cytosine.
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The bacterium Escherichia Coli contains
24% each of adenine and thymine, 26% each
of guanine and cytosine. In both cases, A
and T are present in equal amounts, are as G
and C. The bases occur in pairs.

In 1953, James Watson and Francis Crick
proposed double helix structure for DNA that
accounts for base pairing also accounts for
the storage and transfer of genetic
Information.
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':;}H 3 5'
Double helix The two strands coiled around each other In
A screwlike fasion.
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Two strands of DNA coiled around each other in
a right-handed screwlike fashion. In most
organisms the two polynucleotides of DNA form
a double hdlix.

The two strands of DNA double helix run In
opposite directions-one in the 5’ to 3' direction,
the other inthe 3' to 5’ direction.

The sugar-phosphate back-bone is on the outside
of the right handed double helix, and the

heterocyclic bases are on the inside.
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Fig 26.3 A segment of DNA
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A base on one strand points directly toward a base
on the second strand.

The double helix looks like atwisted ladder, with the
sugar-phosphate backbone making up the sides and
the hydrogen-bonded base pairs, the rungs.

Wherever a T base occurs in one strand, an A base
falls opposite it in the other strand; Wherever a C
base occurs in one strand, an G base falls opposite it
In the other strand. This base pairing explains why
A and T and why C and G occur in equal amounts in
double-stranded DNA.

A C G T

Adenine Cytosine Guanine Thymine
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Fig 26.2 Base pairing in DNA
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26.5 Nucleic Acids and Heredity

Each of our 23 pairs of chromosomes contain one
DNA copied from that of our father and one DNA
copied from that of our mother.

Most cells in our body contan copies of these
originals.

Our genetic information Is carried in the sequence of
bases along the DNA strands. Every time a cell
divides, the information Is passed along to the
daughter cells.
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The following three processes are involved In
duplication, transfer, and use of genetic information:
Replication: The process by which a replica, or
Identical copy, of DNA 1s made when a cell divides.

Transcription: The process by which the genetic
messages contained in DNA are read and copied.

Trandation: The process by which the genetic

messages carried by RNA are decoded and used to
build proteins.
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26.6 Replication off [DINA

DNA replication involves unwinding of the double
helix at several places.

As the DNA strands separates and the bases are
exposed, DNA polymerase enzymes begins ther
function as afacilitator for replication of DNA.

Nucleoside triphosphates carrying each of the four
pases move into place one by one by forming
nydrogen bonds between the base they carry and the
pase exposed on the DNA strand being copied, the
template strand.

Prentice Hall © 2003 Chapter Eighteen 47



[: Thymine
Li Adenine
';] Cytosine

L.- Guanine

Template
strand

E_

&)

%

Prentice Hall © 2003

__ / Template
< DNA  Strand
5

Replication

Nucleoside polymerase

triphosphate

= Continuously
4 Replication direction growing strand

5!

Fig 26.5 DNA replication

Chapter Eighteen

48



The hydrogen bonding requires that A can pair only
with T, and G can pair only with C.

DNA polymerase then catalyze the bond formation
between the S5’ phosphate group of the arriving
nucleoside triphosphate and the 3' —OH group of the
growing polynucleotide strand, as the two extra
phosphate groups are removed. Therefore, the
template strand iscopied inthe 3' to 5’ direction.

Each new strand is complementary to its template
strand, two identical copies of the DNA double helix
are produced during replication.

ATP ,€TP, C1R /7P

Prentice Hall © 2003 Chapter Eighteen



Bond formation in DNA replication

Py, Wa
New strand ——’/O %
rowing 5 -
5 5 Template
2 L DNA strand
E e BaSE
Bond will
form
(@) @) OH
O
11\ /
“O0—P—0O0—P—0 P\

| | O~
O O ®)

Bond will | 5
break CHE

O BE}SE .

4!

3,
Incoming g%
nucleoside
triphosphate OH

5!

Prentice Hall © 2003 Chapter Eighteen



26, 7. Structure and Eunctron of

RNA

RNA Is smilar to DNA — both are sugar-
phosphate polymers and both have nitrogen-
containing bases attached — but there are
differences between them.

DNA has only one kind of function-storing

genetic information. Byfqutrast, the different

kinds of RNA performdifferent functions.

/0 N
Prentice Hall © 2003 \/((*ggmt/&n 51

Chapter 'l



The following three RNA make it possible for
the encoded information carried by the DNA to
be put to use in the synthesis of proteins.

Ribosome RNA: The granular organelles in the
cell where protein synthesis takes place. These
organelles are composed of proten and
ribosomal RNA (rRNA).

Messenger RNA (MRNA): The RNA that carries
the code transcribed from DNA and directs
protein synthesis.
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Transfer RNA (tRNA): The smaller RNA that
delivers amino acids one by one to protein chains
growing at ribosomes. Each tRNA recognizes
and carries only one amino acid.
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26,8 T'ranseription: RNA Synthesis

RNA are synthesized in the cell nucleus.
Before leaving the nucleus, all types of RNA
are modified in the various ways needed for
their various functions.

In transcription, a small section of the DNA
double helix unwinds, the bases on the two
strands are exposed, and one by one the
complementary nucleotides are attached.
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rRNA, tRNA, and mRNA are all synthesized
In essentially the same manner. Only one of
the two DNA strands is transcribed during
RNA synthesis.

The DNA strand that i1s transcribed Is the
template strand; while the its complementary
strand 1S the informational strand.

The messenger RNA produced is a duplicate
of the DNA informational strand, but with U
base wherever the DNA hasaT base.
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26.9 T he Genetic Code

The ribinucleotide sequence in an mMRNA
chain is like a coded sentence that species the
order in which amino acid residues should be
joined to form a protein.

Each word, or codon in the mRNA sentence
1S a series of three ribonucleotides that code
for a specific amino acid.
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For example, the series uracil-uracil-guanine
(UUG) on an mRNA chain iIs a codon
directing incorporation of the amino acid
leucine into a growing protein chain.

Of the 64 possible three-base combinations
In RNA, 61 code for specific amino acids
and 3 code for chain termination.
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26,10 Transation: Transfer RNA and

Protein Synthes's

Cell nucleus

The synthesis of proteins 7/
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v
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Figure 8.4. The P and A sites on the ribosome.
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214 Recombrnant DNA

Recombinant DNA: DNA that contains two or
more DNA segments not found together In
nature.

Recombinant DNA technology made it
possible to cut a gene out of one organism and
recombine It Into the genetic machinery of
another organism.
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The two other techniques that play important
rolesin DNA studies are:

- Polymerase chain reaction (PCR): PCR
alows the synthesis of large quantities of
Identical piece of DNA.

- Electrophoresis. A technique that alows
separation of proteins or DNA fragments
according to their size.
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Consider a gene fragment that has been cut from
human DNA Is to be inserted into a bacterial
plasmid. The gene and the plasmid are both cut
with the same enzyme that produces sticky ends.

LE-tick}f Eﬂdﬂ
Cut here - ; 2
" f’ﬁd}x i \k& N
—GLA—A—T—T—C— Eoml —G — < | A—A—T—T—C—

—

—é—T—F—A—Ab— _E—T—t—A—A E—
A,

Cut here

The sticky ends on the gene fragment are
complementary to the sticky ends on the opened
plasmid.
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The two are mixed together in the presence of a DNA
Igase enzyme that joins them together by forming their
phosphodiester bonds and reconstitutes the now-altered
olasmid. The altered plasmid is then inserted into a
pacteria cell where the normal transcription and
trand ation take place to synthesize the protein encoded
by the recombinant DNA.

\ L1
Chromosome Gene

EcoRI DNA
> .
ligase

Bacterial .
plasmid RECL}mbl}'lal"lt
plasmid

(a) (b) ()
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recombinant plasmids + competent E. ¢ofi cells

ICDICED.

00

some bacterial

cells take up the

recombinant
plasmids

E. coliwith no
plasmid will die

and not produce
any coionies
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Figure 7.6. Intreduction of recombinant plasmids into bacteria.
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DNA
WAVAVAMAMAWAY
transcription

NAVAVAVAVARL

Figure 1. The process of gene expression
within a cell. A specific region of DNA
(a gene) in the cellufar nucleus is
franscribed to RNA, which is further
processed to messenger RNA (mRNA)
and then fransported (o the cytopiasm
of the cell. Transfer RNA (tRNA)
decodes the mRNA transcript fo
synthesize specific protein sequences
(transiation).
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. ©) .
Cytoplasm

Figure 2. Various materials can bind
with and compact nucieic acids into
nanoparticles that can be taken up into
celis through the process of
endocytosis. This process first involves
(a) the binding of the nanoparticies to
cell-surface giycoproteins. (b) The
binding event triggers part of the
cellular membrane to envelop the
nanoparticle and bring it into the
cytoplasm with a membrane-bound
vesicle (endosome). (c) Endosomes
fuse with other cellular endosomes and
mature info degradative [y5050mes.

(d) The nanoparticles must escape
these vesicles to prevent degradation of
their therapeutic payload. (e) The mate-
rial must then release the nucleic acid
to perform its therapeutic function in
gither the cytoplasm, or () the genetic
material must traverse the nuciear
membrane for gene reguiation.
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Chart 1. Examples of materials used to deliver nucleic acids. (a) Poly(glycoamidoamine)s

synmes;wzeﬁ by Reineke et al. exhibit high DNA delivery efficiency and low toxicity in
vitro. ™77 (h) Functional lipids created by Grinstaff et al. undergo an electrostatic transition to
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Figure 1. Proposed mechanism for release of DNA from the charge-reversal
amphiphiles. A supramolecular assembly is formed between the DNA and
the multiwalled vesicles of the amphiphile. Upon enzymatic hydrolysis of
the terminal esters of this amphiphile. the DNA 1s released from the
assembly by the newly formed anionic amphiphiles. Not drawn to scale.
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Figure 2. Amphiphiles under investigation for gene delivery.
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Table I: Representative Polymers Investigated for Gene Delivery

Palytysine
{Rafs. 25-32)

{Fals. 36-33)

Paly{ [2- dimatigl-
arming)atid
rmathacrylate)
{Rel 40)

E-
L : -

General Description
Awallabla in linsar and branchad forma, polystylanimine (PEI)
is ane ol the rost patent synihelic gene carers and the
maost widely studied. It can rmdln_lﬁn transtar in a vanaty
of calls i wiro and lissues in vive miajor drewback of
PEI s its cytoboalcsty. Mumanous atismpis have boan mada ko
ratduce the jodicity by reducing the molacular waight, cross-
lirking low-mokeculas-waight sepments by bloda gradabis
bonds, PEGylation, remowing the M-acyl moleties, and
conjugating saccharides o PEL

O off the earilee? imestigabed gene carrers bacausa of (ks
axcaliani DA, condensation ability and afliciant protection of
DOMA from nuclease digestion, polylysing is as towic as PEI
bt not &s polent in irenslecson afliciency.

Starours palyamidoamine dandrimars with aliner ammdonia
ar ettylensdiaming as core molecules are highly defined in
tarmas of molecular waight and gecmeatry. With the primary
aming groups on the surtace 10 condense DNA, these
dendrirmans can transiact a wide wariety of cells in wino, with

maiching that of FEI undar optimal conditions, but
high eyicloxicity is 8l a drawback,

Tha high ansfection aficency of POMAEMA has baan
postulated o derhvwe from its high buflering capacity o
destabllize andoscmes, combined with ks ability to releass
the DMA, in the cylcsol andior e nuclieus. Hs strength and
shoricomings are similar io hose of PEL
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Takde |: Representative Polymers Investigated for Gene Delivery. (Confinuad)

Polymer or Class of
Folymer and
Aeference Chemical Structure General Description
Pkl f-aming asbes) M Priy([l-amno asiars) can be synitesizad by & combinaional
(Fals. 12, 25, 41, 42) Fymerwiic srategy. via the confugation addition reaction of
diamines and diacryiaios. The wida variaky of commarcially
R " availabla ciamines and diacrylates chilales paraliel

syninesis of & large numbsr of polymans. and SRy of el

can iranedect with a highar efficiancy than PEL
Polphasprarens can be bisdegradabis ard can exhibi a

Folyphospharans ..-"'"'H
[Ral 43) [ wide eangs ol plysxcochemical properties by varying the
struchues of it side chains. Hoawewar, only 8 ieSary amine
o Efrachues can Ba ussd in e sads chain, becaiss Te use of
jprimary @ secondary amines would lead 1o & cross-inked
# n polyphospacens in ™e subslitlution reaction of
L L] .

poly|gichion|phosphazane
Cryclndestrin: Tha Erar whabes-solubla polsmess ane genamily symthesized
coriaining pohycaion Iy the polycondanaation of & dilunclionalized cyclodexinn
[Fists, 0, 4250} f HH,* morcEmar [sithar Fyormed- of amirs-danivalized] and 8
dilunctionalized comonamar. The slneciune shown is anly one
-J‘\N\/\“,H of many poasibls anaions. The Sinciie-proparty
MH redaioreiips ol 8 large numiben of These polyres has b
NH; /X AgiabERed And MAary of iam Show RRomising ardkaction
polancy.
Polyphosphomamidals = o - The podypnosnhoramidales and polyphoaphalas and sanas
[Rals. 50-03) and " ol polymars with A phosphaasiar backbona coniaining
pohvphospabs —te PR chffarani chanps grouges in e side chain connecied it e
Fds 53 58) l batkbons theaugh 8 phasphommics [P-N) or @ phoaphans
NTE | {P-0) bond, reapectively. These gene carmiens heve dferent

charpe groups, side-chain lengths, and branching etnictnes,
il ey e slrocturally relabed i allow & yaiomaiic

] . immetgation of their sirucum-—property rdasorships,

" inacluding D& binding capacy, cyiolmicly, DA prodection,
— 0 —{i— tedegradabiing DMNA release kinetcs. and ransiecion

| elficiency. Some ol them ars as pobenl as PE| but show

L. oR~ al rrouch o Cybolawicity and beflar Sssue biocompaliblity.

Chilosan r 1 Chitosan is a biodegradable polysaccharide comprised of
Rale. 57, G7-78) Hi Deglucosamine repaating units and s extracied from
crusiacean shalis. it becomaes soluble at pi < & 1o allow

L d L ranoparickes an sensitive o tha molsoular weight and
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ndo/Lysasome

Escape E

Muclear Targeting & Entry |
I @ Endocytosis (endosome)
© Escape from endosome @ Nuclear targeting
@ DNA complex formation @ Degradation (endosome) © Nuclear entry and
@ Uptake @ Intracellular release expression
@ Degradation (cytosol)

Figure 2. Four major ceilular barriers (modified from Reference 1).
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Table | DNA Delivery Systems at Different Scales.

Figure 3. Scanning electron micrograph
of nanoscale hollow buckyballs
sef-assembled from dendrimer-ifke
DNA-based hybrid molecules ® The
buckyballs are ~400 nm in diameter.
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Figure 1. Steps leading to gene expression: (1) Release of vector from substrate,
(2) association of vector with cell membrane, (3) endocytosis, (4) formation of early
endosome, (5) transport in late endosome, (6) escape from endosome, (7) transport to

nucleus and dissociation of delivery agent, (8) entry into nucleus, (9) transcription into RNA,

(10) transport of RNA to cytopiasm, and (11) transiation of RNA into protein.
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Peptide-Enhanced Nucleic Acid Delivery

Plasma | —

Endosome

!

Y ——
(nomme| |

O

O y

A Cell-targeting peptide

Cell-penetrating
peptide

Endosomal
release peptide

Nuclear localization
Sﬂql.lf:!'l{:f:

Nuclear

envelope
Lpelrel - SO

Figure 1. Peptide-enhanced nucleic acid delivery. The incorporation of peptides into nonwviral

delivery systems can improve cell targeting and entry, endosomal escape, and nuclear

entry.
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Table |: Cell-Penetrating Peptides (CPPs) Studied for Nucleic Acid Delivery.

CPP Sequence Origin Cargo References
TAT YGRKKRRQRRR HIV-1 TAT pDNA, asODN 16—21
Penetratin RQIKIWFONRRMKWEKK AntpHD asODN, PNA, 5, 22-24

SIRNA
Transportan GWTLNSAGYLLKINLK Galanin and  PNA, siRNA 5,23 25
ALAALAKKIL mastoparan
fusion
Polyarginine Stearyl-R,, various Engineered pPDONA 26-28

arginine-rich sequences

TAT = transactivator of transcription; pDMNA = plasmid DNA; asODN = antisense
oligodeoxynuclectide; AntpHD = Antennapedia protein homeodomain; PNA = peptide nucleic acid;
siIRMA = short interfering RMNA.
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Table II; Nuclear Localization Sequence (NLS) Peptides Incorporated Into Gene Delivery Systems.

NLS Peptide

SVAD large

T-antigen

P

wpr

Ad3

mBe

HTLY

Sequence
PHEHEERKY

NOSSNFGPMKGGNFGG
RSSGPYGGGGUYFAKP
RMHEEY
DTWTGVEALIRILOGLL
FIHFRIGCRHSRIGIZODRE
RTRMNGA
AKRARLSTSFNPVYRYE
DES

AARLHRFENKGKDSTE
MRRRRIEVNYELR KAK
KODOMLERRMNYSC

MPKTRERRRERSORKRFPF
TWAHFPGFGOGSLC

Mechanism
Bands importin o

Recognized by the
importin fHike shutte
profein ransportin 1
Independent of impoin
wfh or Fransportin
pathrdanys

Distinct domains for
endocytosis and nuclear
Eniry

Bands imparlin [

Bands importin i

Qrigan
Dwsrived from simian
winus 40 large iumor
anfigen

From hetercgeneous

NUCIEAT Mbomacies-profein A1

Disrived from C-lerrmanal
residues of HIV-

wiral protein

Derved from A3 fiber
probein

Derived from hSRP o

Derived Trom heman
T cell leukemia vinis

type 1 Rex protein

Reference(s)
449, 51, 52, 54,
ST-G6

50

T

=]

Fote Mot all studies reporied NLS-mediated, sequence-speciic enhancemeant of ransgene expression
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