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Homeostasis
Plants

Stomata and guard cells

open
ions pumped in →

water enters → turgid
closedions leave →

water leaves → floppy

Guard cells open a
stoma by taking in water
(turgid) and close it by losing
water. Under water stress,
abscisic acid closes the
stomata to save water.



Stomata: balancing two needs

stomata pores in a leaf, opened and closed by guard cells

the conflict letting in carbon dioxide for photosynthesis, against losing wa-
ter by transpiration

opening active transport pumps K+ into the guard cells, water follows
by osmosis, and the turgid cells bow apart

aquaporins channel proteins that let that water move quickly

closing ADH ’s plant counterpart abscisic acid is released in drought
and triggers closure

calcium ions act as the second messenger inside the guard cell during that response

Guard cells work by changing their own water potential deliberately – the only cells in the
plant that do.



Homeostasis
Plants

Making urine

membrane
blood filtrate

water, glucose, ions

cells +
proteins

stay

Ultrafiltration keeps blood cells and proteins in the blood



The kidney’s structure, and measuring glucose

the fibrous cap-
sule the tough outer covering

the cortex the outer region, holding the glomeruli and convoluted tubules

the medulla the inner region, holding the loops of Henle and collecting ducts

the pelvis where urine collects before the ureter

test strips and
biosensors

measure glucose in blood or urine using glucose oxidase and peroxidase

why enzymes they are specific to glucose, so no other sugar in the sample gives a read-
ing

Specificity is the whole reason a biosensor works. A chemical test that reacted with any reduc-
ing sugar could not diagnose diabetes.



Along one nephron, in order

Glomerulus and cap-
sule

Each kidney holds about a million nephrons . Blood in the glomeru-
lus is under high pressure, so water and small molecules – glu-
cose, ions, urea – are pushed into the Bowman’s capsule as the fil-
trate .

Proximal tubule The proximal convoluted tubule reabsorbs all the glucose and
most of the ions and water.

Loop of Henle The loop of Henle builds a salt gradient in the medulla – the
pump that makes concentrated urine possible.

Distal tubule and duct The distal convoluted tubule fine-tunes ions and pH; the collect-
ing duct sets the final water content.

The tubule wall is built for the job: microvilli for surface area, and many mitochon-
dria to power the active transport .



A-Level Biology

Exercises 2.1·2.2

transpiration:
water vapour leaves
through the stomata

pulled up under
tension; cohesion
(hydrogen bonds)
holds the column

water enters roots
by osmosis

Guard cells control water loss through the stomata

• to open: guard cells pump in ions, lowering their water potential 水势; water
enters by osmosis 渗透; they swell, become turgid and bend apart, opening the
pore.

• to close: ions leave, water follows out, the guard cells go floppy and the pore
closes.

Water stress and ABA
When the plant is short of water, the hormone abscisic acid (ABA) is released.
It makes the guard cells lose ions and water, so the stomata close and save water.
Calcium ions 钙离子 act as a second messenger 第二信使 inside the guard cells.

2 Practice
2.1 State the two opposing needs that the opening of stomata must balance. [2]

2.2 Name the hormone that closes stomata when a plant is short of water. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• letting in carbon dioxide for photosynthesis; limiting water loss by transpiration

2.2

• abscisic acid (ABA)

3.1 B

• Gaining ions lowers the water potential, water enters by osmosis, and the turgid guard
cells open the pore

3.2 B

• Calcium ions act as a second messenger inside the guard cells

3.3

• guard cells actively pump in ions, lowering their water potential; water enters by
osmosis, so they become turgid; the unevenly thickened walls make them bend apart,
opening the pore

3.4

(a)

• closing the stomata reduces water loss by transpiration, conserving the limited water

(b)

• less carbon dioxide can enter, so the rate of photosynthesis falls / less food is made
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Exercises 3.1·3.2
3 Exam-style questions
3.1 A stoma opens when its guard cells: [1]

A lose ions and become floppy
B gain ions, so water enters by osmosis and they become turgid
C lose water by osmosis
D release abscisic acid

3.2 What is the role of calcium ions in the response to water stress? [1]

A they are pumped out to open the stomata
B they act as a second messenger inside the guard cells
C they replace water in the guard cells
D they are absorbed for photosynthesis

3.3 Explain the mechanism by which guard cells open a stoma. [3]

3.4 (a) Explain why a plant closes its stomata when the soil becomes dry. [2]

(b) Suggest one disadvantage to the plant of keeping its stomata closed for a long time.[2]
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Exercise 3.3

3 Exam-style questions
3.1 A stoma opens when its guard cells: [1]

A lose ions and become floppy
B gain ions, so water enters by osmosis and they become turgid
C lose water by osmosis
D release abscisic acid

3.2 What is the role of calcium ions in the response to water stress? [1]

A they are pumped out to open the stomata
B they act as a second messenger inside the guard cells
C they replace water in the guard cells
D they are absorbed for photosynthesis

3.3 Explain the mechanism by which guard cells open a stoma. [3]

3.4 (a) Explain why a plant closes its stomata when the soil becomes dry. [2]

(b) Suggest one disadvantage to the plant of keeping its stomata closed for a long time.[2]
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Exercise 3.4

3 Exam-style questions
3.1 A stoma opens when its guard cells: [1]

A lose ions and become floppy
B gain ions, so water enters by osmosis and they become turgid
C lose water by osmosis
D release abscisic acid

3.2 What is the role of calcium ions in the response to water stress? [1]

A they are pumped out to open the stomata
B they act as a second messenger inside the guard cells
C they replace water in the guard cells
D they are absorbed for photosynthesis

3.3 Explain the mechanism by which guard cells open a stoma. [3]

3.4 (a) Explain why a plant closes its stomata when the soil becomes dry. [2]

(b) Suggest one disadvantage to the plant of keeping its stomata closed for a long time.[2]
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Exercise 3.4

3 Exam-style questions
3.1 A stoma opens when its guard cells: [1]

A lose ions and become floppy
B gain ions, so water enters by osmosis and they become turgid
C lose water by osmosis
D release abscisic acid
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A they are pumped out to open the stomata
B they act as a second messenger inside the guard cells
C they replace water in the guard cells
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3.3 Explain the mechanism by which guard cells open a stoma. [3]
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(b) Suggest one disadvantage to the plant of keeping its stomata closed for a long time.[2]
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Each answer shows the steps, then the result.

2.1

• letting in carbon dioxide for photosynthesis; limiting water loss by transpiration

2.2

• abscisic acid (ABA)

3.1 B

• Gaining ions lowers the water potential, water enters by osmosis, and the turgid guard
cells open the pore

3.2 B

• Calcium ions act as a second messenger inside the guard cells

3.3

• guard cells actively pump in ions, lowering their water potential; water enters by
osmosis, so they become turgid; the unevenly thickened walls make them bend apart,
opening the pore

3.4

(a)

• closing the stomata reduces water loss by transpiration, conserving the limited water

(b)

• less carbon dioxide can enter, so the rate of photosynthesis falls / less food is made
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