‘The necessity of movement of substances across a plasma membrane

| Living cells require substances from the external environment to carry out living processes.

~ 1 + At the same time, the metabolic processes in cells produce waste that need to be disposed of from the cells. 1
I' Cells must allow some substances to move into and out of the cells to maintain the living processes

The movement of substances into and out of the cell is regulated by the plasma membrane




*  The protein molecules are widely dispersed between the phospholipid bilayer
*  The protein molecules with channels or canals are known as channel proteins, whereas the protein molecules |
L that function as carriers are called carrier proteins

l. According to the fluid mosaic model, protein molecules float within the phospholipid bilayer, forming a mosaic e
| pattern that changes frequently.
»  Each phospholipid molecule consists of
I - A polar head which is hydrophilic (aﬁracted to water)
| - A nonpolar tail which is hydrophobic (repels water) g e
I *  The heads of the phospholipid molecule in the outer layer face the extracellular fluid, whereas the phospholipid |
heads in the inner layer face the cytoplasm .
I * The tails of the phospholipid molecule of the two layers tace each other |
| *  There are various types of protein molecules embedded partially or fully within the membrane I
|
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| - Some protems ana lupwls have carbohyarate chams aﬁachea to them known as glycoprotem ana glycohpwl I
I respectively
0 coprotein an colipid act as receptors to hormones such as
Glycoprotei d glycolipid act ptors to h h |
| 0 insulin, stabilise the membrane by forming hydrogen bonds with water and act as antigens for cell identification
Y 9 hydrog 9 |
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*  Cholesterols make the phospholipid bilayer stronger, more {lexible and less permeable to water-soluble |
| substances such as ions.
I The phospholipid bilayer, proteins and cholesterols are not static but form a dynamic and flexible structure
| . This contributes to the ‘fluid’ characteristic of the plasma membrane and makes the plasma membrane more
ﬂexcble
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‘Permeability of a plasma membrane

| * A membrane is sdid to be permeable to a substance if the membrancallows the substance to pass through it |
I freely.

| On the contrary, a membrane is impermeable it a substance is unable to move across it. The plasma membrane

' is a selectively permeable membrane. |
l. Selectively permeable membrane only allows free movement of certain molecules across it, and prevent or limit I
| the movement of other substances..

I *  The plasma membrane has a selectively permeable property due to its building structure. The phospholipid |

bilﬂ,er and protein determine the membrane permeabuw towaras specmc substances
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3.2 CONCEPT OF MOVEMENT OF SUBSTANCES
ACROSS A PLASMA MEMBRANE
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assed on 21 August 2018) CHARACTERISTICS OF MOVEMENT OF
SUBSTANCES ACROSS A PLASMA MEMBRANE
LIF'ID-EEILI.IELE SUBSTANCES LIPID INSOLUBLE SUBSTANCES
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Nnnpnhr molecules SMALL MOLECULE AND ION LARGE MDLEE:LILE

* Polar molkecules (Exampla: water) Examplas:
Fattgr E'“j + MNonpolar molecules (Examples: * Glucosa
* Glycerol oecygen, carbon dicxde) * Amino acid
» Fat 2oluble vitamins (A, D, E, K * |on (Examples: K+, Mas, Ca®™,
* Steroid compounds Mg




Passive tRANSPORt |

« AN anaLe9gy of passive transpert is Like riding a bicycLe
downhilL.

« The Process does not invoLve the use of ener9gy.

« SimPLE diffusSion, 6SMOESIS and facilLitated diffusion are

exampLes 6f passive transport

| simPLe difrusion

SIMPLE diffusion iS the mevement 6f meLecuLes or ioens £rom
an area of high concentration to an area of Low
concentration. The meving meLecuLes are Said té moeve down
the concentration gradient untiL a dynamic equiLibriumis
dachieved.

« ThiS may 6ccur with 6r without the presence of a pLasma
membrane. LiPid S6LUbLe moOLeCuLeS (Fatty acids and
gLycereL). 6xygen and carboen diexide diffuse through the
PhOSPhOLiPid bilayer as SimpLe diffusSion
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0SMESIS iS d PASSive transpert Process that is Similar te
diffusion but it inveLves onLy watcer moLecuLes.

«  OSMOESIS refers to the net mevement 6f water meLecuLes froem
an area of high water petential (Low SoLutes cencentration)
to an area 6f Low water petentidl (high SeLutes
concentration) randemLy through a SeLECtively permeable
membrane

« The SeLectively permeable membrane iS PermeaplLe té water
but impermeabnlLe té Some SoLutes SUCh as Sucres meLeculLes

« The Same Situation 6CCcurs in CeLLS through the PhoSPhOLiPid
biLayer
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FaciLitated difFusion

« LiPid-inS6LUbLE MELECULES SUCh AS ionsS, LArge moLecuLes Such
as amine acids and 9Lucese are unable te Pass throeugh the
PhOSPhOLiPid bilayer..

« TheSe subsStances meve acress the membrane with the aid 6f
transpert preteins (carrier er channeL Preteins)

« ThiS Precess is known as faciLitated

« diffusion. FaciLitated diffusion dees net reauire energy
because the transport proteins transport moLecuLes down a
concentration 9radient

« The Process continues untiL a dynamic eauiLibriumis
dchieved when the concentration 6f meLeCcuLesS isS the Same at
b6th Sid€S 6f membranes
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the plasma membrane. Channals have spaciic internal Fy
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CARRIER PROTEINS have specific sites and can " ik y
only bind to a specific molecule. For example, glucose channel protem CaNTIer PrNE 3
molacules can only bind to the spacific site of a glucosa FIGURE 3.7 Faclitated diffusion through charnel and
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The process of the movement of glucose molecules across a plasma membrane occurs -
through a facilitated diffusion (Figure 3.8).
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ACtive tRaNSPORt |

« The mevement 6f moLecuLe or ion substances acress a
pLasma membrane 6CCUrs against a cencentration 9gradient..

« It reauires energy from ATP (Adenesine triPbhoSPhate)
MeLeCuLes 9enerated during ceLLuLar respiration

« It reauires SPeCifiC carrier protein with SPECifiC SitesS to bind
with Certain meLecuLes or ions.

« Carrier proteins aLse PesSesS receptors to bind with ATP
MOLECULES.
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« Proteins change Shabe when a PheSPhate 9roup attdches to
it. AS d resuLt, meLecuLes er ions meve acress a Membprane

« ACtive transSport resuLts in the accumutation or excretion
MOLECULES Or ionsS in the CeLL

« Carrier proteins invoLved in active transport are knewn as
pumps.

« FOr exampLe, in animacl CELLS, the carrier proteins that

transpert sediumions te extraceruLLar, and petassium ions
iNto the CELL are calLLed Sedium-petassium pump
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There iS anether type of PUump knoéwn as the preten pump.
FOr exampLe, the proton pumps that are found on the
epitheLidl CELLS Lining the Stomach cavity

Proetoen bPump causes the acidity of the stemach centents
ENEr9gy £rom the ATP enabLeS the hydroegen ion toé be
transperted by the carrier proeteins (eroeton pump) towards
the extraceLwuLar fLuid

ThiS causes an accumutation of the hydregen ion and dcid
proeduction in the stemach cavity.

Extracelular fluid:
Low pH
High concentration
H* of hydrogen ions
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FIGURE 3.10 Proton pump
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SiMilaRities ahd difrerRences between Passive
dlNd acCtive tRANSPORtS
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| SiMiLARITIES |
-Moving a substance acress a membrane
- OCCUrs throu9gh a seLectively permeablLe Membrane

" DIFFERENCES |

- Passive transpert
- OCCUrsS untiL a dynamic eauilLibriumis achieved
- OCCUr'S foLLeWiNg the concentration 6f the 9gradient
- €NErgy is not reauired
- dctive transport
- reauires energy
- OCCUr'S a9ainst the concentration 6f the 9gradient
- there are accumuLation and diSPiéSAdL 6f MOLECULES Or ionS
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Passive transport in organisms occurs
during:

* gaseous exchange between an alveolus
an a blood capillary through simple
diffusion
* reabsorption of water occurs by osmosis
through the renal tubule in the kidney
* absorption of water by a plant root
hair cell by osmosis
* absorption of fructose molecule in the
villus by facilitated diffusion

b

OQubilances AAvoss & Plasmas
emffane in Living (ﬁtﬁmi/sm

Pengangkutan aktif in organisms occurs
during:

* absorption of glucose and amino acids

in the villus
* reabsorption of glucose through the
renal tubule in the kidney

* transport of sucrose from a leaf 1o a
phloem fissue _

* absorption of mineral ions by a plant
root hair cell '
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ISOtONIC, hYPOtONIC anNd hYPERONIC SOLUtIONS

* Generally, there are three types of solutions: isotonic, hypotonic and
hypertonic.

* As you have learned, ditfusion of water occurs by osmosis from an area of
high water potential to an area of low water potential across a plasma

membrane
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The eFfeCtS OF hYPOONIC. hYPEREONIC and
iSOLONIiC SOLULIONS ON animatL ceuls and
PlLaNt ceLs O,

* The cell cytoplasm contains solutes such as glucose and mineral salts

* The fluid found in the cell is known as intracellular fluid.

* Each cell is surrounded by extracellular fluid.

* Therefore, the cell will always go through the osmosis process and movement
of water across the plasma membrane, depending on the water potential of
the extracellular fluid and intracellular {luid

THE EFFECT ON ANIMAL CELLS

|EFFECT OF HYPOTONIC SOLUTION |

/7

~
\
* When red blood cells are placed in a hypotonic solution, water will |
diftuse into the cells by osmosis, causing the cells to swell and finally !
burst. I
 This is because the plasma membrane is too thin to withstand the I
osmotic pressure built up in the cells |
* The burst of red blood cells is known as haemolysis \:
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*  When red blood cells are placed in a hypertonic solution, water will
move out of the cells by osmosis.

* This will cause the cells to shrink.

* The red blood cells are said to undergo crenation.
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* Water diftuses into and out of the cell by osmosis at the same rate.
* No net movement of water across the plasma membrane.
* The cells maintain their normal shape
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THE EFFECT ON PLANT CELLS

|EFFECT OF HYPOTONIC SOLUTION |

*  When plant cells are placed in a hypotonic solution, water will
diffuse into the vacuoles by osmosis.

 This will cause the vacuoles to expand and push the cytoplasm and
plasma membrane against the cell wall.

* In this condition, the cells are said to be turgid.

* Plant cells do not burst because the cell wall is rigid and strong.

* Turgor pressure is important to plant cells because it gives support
and maintains the shape of cell.

* Cell turgidity causes guard cell to swell to allow the stomata to
remain open for photosynthesis.
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EFFECT OF HYPERTONIC SOLUTION

~

*  When plant cells are placed in a hypertonic solution, water will

diffuse out of the vacuoles by osmosis.

* Vacuoles and the cytoplasm will shrink, causing the plasma

membrane to be pulled away from the cell wall.

This process is known as plasmolysis. Plasmolysis causes leaves and

stems to bend downwards and wilt.

* Plasmolysed plant cells can regain their turgidity if the cells are

returned to a hypotonic solution immediately. —

* The cells are said to undergo deplasmolysis. C“ o N
b
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I« When the sap of the plant cell and extracellular solution are isotonic, |
I water potential is the same. |
. The movement of water ditfusion in and out of cells is s N
: the same. B s N
| e Cells become flaccid. \_3\‘ % P
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3.4 MOVEMENT oF SUBSTANCE ACROS$ A PLASMA
MEMBRAN ANP ITS APPLICATION IN PAILY LIFE

. Excessive use of fertilisers may cause wilting in .
Plonts.c G G W R 5 8 a e S iR e nsE A wlE R
. Dissolved fertilisers will cause soil water to be . . :
. hypertonic to the sapcell ofroots. . . . . . . . . .7 . .
. Consequently, water will diffuse by osmosis from the .| . .
roots’ cell.-sap to the soil, and cells will become . . . . . .
- plasmolysed.. - .

- Cells in plants will recover once {hey are watered.

. However, if the period of plasmolysis is prolonged;

wilted plants will eventvally-die. - - - - - . . . . .

- Rehydration drinks such as oral-rehydration salts- - . . .
- help to recover loss of water and -electrolytes in
individvals with diarrhoea. - - . - . . . . . .




efoic dhinks |

Q. Isotonic.drinks help.athletes to.recover loss of water .
- and electrolytes such as potassium and sodium .
through perspiration. - :

Aery

soluifTons

Q" Saline solutions, normally used in medicine, are
e " iSotonic'solution to the blood plasma 3 contains’0.85-
-3 10909 SOdIUW\ chlomde per IOO ml. ‘ :
| .. STUDYWITHADMIN - NS
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water-insoluble
— drugsare O Lipesomes are vesicles that contain-aqueous solution
Iransportedin the -+ surrounded by a phospholipid bilayer membrane.
g:_g 29 hydrophobic area -+ Liposomes are used-to protect drugs or active -
e * * * substances taken orally from being destroyed by -
water-soluble drugs
are Iransporied in * 9astric juices, Thls way. dr‘ugs can reqch ’che ’cqr'ge’c
- B the hydrophilic area : cells
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- selectively permeable
PIESSIIE 1S membrane

applied

salt water B
m y

goes in Y -

9900

foreign particles and water molecules
MICroorganisms

EI Reverse oSmosls is a {echnology commonly used ’co ex’cr‘ac{ f'resh wa{er from '

~ seawater using the desalination process. '

a In a reverse oSmosls equmeh’c pressure is qpplled {o push {he Seqwa{er thr‘ough a
 semi-permeable membrane The membrane allows water molecules to pass through it |

~_ but not foreign par‘{lcles Sal’c ahd microorganisms,

O Asaresult, only pure fresh water
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