CHUONG 4
HO HAP O THUC VAT

Gidi thi¢u

Gitp ngudi hoc giai thich duge vi sao cay c6 thé sy dung ngudn ning luong
chuyén hoa tir anh sang sau quang hop sang ngudn ning luong phuc vu cho cac
hoat dong sdng ctia ban than cling nhu cac yéu té anh huong dén qua trinh do.

Muc tiéu:
Kién thirc:

+ Trinh bay dugc co ché thyc vat tao ra va sir dung nang luong cho cac hoat
dong song tir san pham caa quang hop.

+ Trinh bay duoc co ché chdng chiu voi diéu kién bat loi cua cay trong.
K¥ nang:

+ Nhan biét hoat dong hd hap thuc vat.

+ So sanh kha nang ho hép cia mot s6 loai hat thuc vét.
Nang luc tu chu va trach nhiém: Rén luyén tinh can than, chinh xac, ham hoc héi.
Panh gia két qua thi nghiém va dua ra nhan dinh cho két qua da phan tich.
1. Khai niém vé hé hap va vai tro ciia ho hap
a/ Khdi niém

Hé hép 1a mot qua trinh oxy hoa khir ma trong d6 cac hop chét (tinh bot,
duong, chat béo, cac acid hiru co va doi khi ca protein) bi oxy hoa thanh CO, va
H,0. Su hd héap thong thuong cua glucose duge biéu thi nhu sau:
CsH12056 + 60, = 6CO» + 6H,0 + 36 ATP
Ciing gidng nhu sy quang hop, phan tng ho hap 12 mot chudi ctia hon 50 phan
mg khac nhau va xay ra trong té bao chat ciing nhu trong ty thé. Sy phan giai
carbohydrate, protein, lipid,... tao ra ATP va sau d6 n6 sé dugc sur dung cho nhiéu
qua trinh can thiét cua sy séng nhu hip thu nudc, dinh dudng, chuyén van cac
chét, ra hoa, két trai.

C6 thé tom tat ngdn gon cta qua trinh ho hap gdm 3 qua trinh chinh:

1. Glycosis bao gom hang loat phan g va két qua né bé gay phdan tir
glucose thanh 2 phdn tw co 3 carbon cung voi mot lwong nho ATP va
NADH. Chudi phan g nay xdy ra ¢ té bao chat.
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2. Chu trinh Krebs tiép tuc bé gdy cdc phan tir 3 carbon do trong ty thé. Két
qua cua qud trinh nay tao ra ATP, NADH, FADH, va giai phong CO..

3. Hé thong van chuyén dién tir nam trén mang trong ty thé, hé thong ndy
bao gom hang loat nhitng protein phirc tap va xdy ra nhiéu phan img oxy
héa khir, chiing sir dung dién tir ciia ion H* trong cdc hop chat NADH va
FADH; dwoc tao ra trong chu trinh Krebs dé tong hop ATP.

b/ Vai tro ciia hé hép

- Cung cap niang luong cho moi hoat dong ctia cdy nhu phan chia té bao,
sinh trudng, hut va van chuyén nudc, khoang trong cay, sinh téng hop cac chat
hiru co.

- San sinh ra nhiéu hop chat trung gian ma chung lai 12 nguyén liéu dé tong
hop nén céc chat hitu co khac nhau trong co thé nhu protein, lipid, glucid, acid
nucleic...

- Tao ra ning luong va nguyén liéu gitp cdy trong chdng chiu véi cac diéu
kién ngoai canh bat 1gi nhu chiu bénh, chiu nong, chiu phan dam...

2. Co quan thyc hién — Ty thé

Ty thé 1a bao quan ddam nhiém chirc niang ho hip cua té bao. N6 1a tram
bién thé nang lugng ciia té bao.

- Hinh thai, s6 luong, kich thudc thay ddi theo loai, cac co quan khac nhau,
cac loai té bao khac nhau va muac do hoat dong trao ddi chat cua ching.

- Hinh dang cua ty thé cling khac nhau, phuy thudc vao loai té bao thuc vat:
hinh que, hinh hat, hinh bau duc, hinh cau...

- Kich thudc dao dong tir 0,2 — 1 L.

- S6 lugng ty thé dao dong tir vai tram dén vai ngan ty thé trong mot té bao.
Co quan nao hoat dong manh thi s6 luong ty thé cang nhiéu.

- Thanh phan héa hoc: cha yéu 14 protein, chiém 70% khéi lugng kho, lipid
khoang 27%, con lai la AND va ARN khoang 0,5 — 2%.

- CAu trac: mang bao boc, khoang ty thé va hé thdng mang trong cua ty thé.

+ Mang bao boc: mang ngoai 1a mang kép dugc cau tao tir mang co
s0, thuc hién chirc nang bao boc, bao dam va quyét dinh tinh thAm dbi véi cac
chét di ra, di vao.

+ Mang trong gom 1 hé thong mang an sau vao khong gian bén trong
ty thé. Mang trong tao nén nhiéu nép gip an sau vao khoang ty thé nhu nhiing
rang luoc. Do vdy ma dién tich tiép xuc ctia hé théng mang trong rat 16n. Trén bé
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mit cia mang trong c6 nhiéu hat nhé hinh ciu, 1 cac thé hinh ndm. Thuc hién
qua trinh van chuyén dién tir va lién hop véi phan tng phosphoryl hoa dé tong
hop nén nang lugng ATP.

+ Khoang ty thé 1a khoang khong gian con lai trong ty thé chia day
chét nén co ban goi 1 co chat. Thanh phan hoéa hoc chil yéu 1a cac enzyme cia
chu trinh Krebs va cac enzyme khac. Thuc hién chu trinh Krebs dé oxy hoa acid
pyruvic mot cach triét dé.

- Chtrc ning ty thé: thyc hién qua trinh oxy hoa chat hitu co dé giai phong
nang luong, tich liy trong phan tir ATP dé cung cip cho moi hoat dong song ctia
té bao va cay. Ngoai ra, ty thé con c6 kha ning tong hop protein riéng va thuc
hién di truyén té bao chat, tirc 1a mét s tinh trang khong dugc di truyén qua nhan
ma qua ty thé.

A)
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Hinh 4.1: (A) Cau tao ty thé, bao gom vi tri H* -ATPase trong sw tong hop ATP ¢

mang trong; (B) ty thé dwoc quan st dudi kinh hién vi dién tir (phéng dai
26.000 lan)
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3. Co ché qua trinh hd hap
3.1. Qua trinh duwong phan

Sy dudng phan (glycolysis) 1a mot chudi phan tmg chuyén héa dudng 6C
- pyruvic acid, trong qua trinh nay c6 su tao ra ATP va NADH.

+ Chuyén héa 1 phan tir dudng 6C = 2 phan tir duong 3C. Cac dudong 3C
nay bi oxy hoa va tai sap xép dé cho ra 2 phan tir pyruvic acid 1a nguyén liéu quan
trong chu trinh Krebs.

+ Tao ra mot lugng nhd nang lugng hoa hoc dudi dang 2ATP va 2NADH.

+ Tao ra nhiéu san pham trung gian khac va tir 46 tong hop thanh phan céc
chat khac can thiét cho hoat dong cua cdy nhu tir 3 phospho glyceraldehyde hozc
a.pyruvic c6 thé tong hop thanh protein, acid béo.

Sy dudng phan quan trong vi pyruvate do nd tao ra cé thé bj oxy héa trong
ty thé tao nén sb luong 16n ATP.

PHA PAU TU NANG LUQNG Glucose

2ATP
Glucose ) l
2ADP
Fructose 1,6 P

N

- - 4_
PHA SINH RA NANG'LUONG Dihvdro acetone Glyceraldehvde
NAD

NADH
Glycerald 1,3P

ADP
ATP },
- hosphoenol pyruvate
ADP j
ATP

Pyruvate

Hinh 4.2: Lwgc vé sy dwong phén



Qua trinh tong quat ¢ thé dugc tom tit nhu sau:

Glucose + 2NAD* + 2 ADP?* + 2H,PO, - 2pyruvate + 2 NADH
+ 2H*

+2 ATP* + 2H,0
3.2. Chu trinh Krebs (Tri Carboxylic acid —-TCA)

Chu trinh Krebs hay 1a chu trinh acid citric, boi vi acid citric 13 chat trung
gian quan trong trong d6 pyruvate bi oxy héa hoan toan tao ra CO; va nang luong
dudi dang ATP, NADH (Nicotine Adenine nucleotide), FADH, (Flavin adenine
dinuleotide) xay ra trong ty thé dudi diéu kién c6 O».

Kich thudc ty thé rat nho co6 dudng kinh 0,5 — 1 um, chiéu dai khoang 3
um. Ty thé c6 mang d6i gdbm mang ngoai va mang trong. Mang ngoai cé nhiing
16 nho, pyruvate c6 thé di vao tu do. Nguoc lai mang trong khong cho pyruvate
xuyén qua ma phai nhd dén mot nhan t chuyén van (stranlocator), nhan t6 nay
xUc tac trao d6i dién tir cau pyruvate bén ngoai mang va nhém OH nam bén trong
mang ty thé. Gitra hai mang 1a khoang khong goi 1a intermemdrane space, khoang
khéng nay rat quan trong chira [H*] cao hon bén trong ty thé va la dong luc hinh
thanh ATP trong ty thé.

- Khi pyruvate xdm nhdp vao bén trong ty thé thi pyruvate trd thanh Acetyl
CoA (2 carbon) duéi sy tham gia NAD™ bi khur tao thanh NADH-H",

- Khi pyruvate xdm nhdp vao bén trong ty thé thi pyruvate tré thanh acetyl
CoA (2 carbon) duéi sy tham gia NAD™ bi khtr tao thanh NADH-H",

- Chét Acetyl CoA di vao chu trinh Krebs két hop véi chat co6 4C (a. oxalo
acetic) dé tao thanh chat c6 6C (a.citric).

- Sau d6, AOA bi khir va giai phong CO, tao thanh chat c6 5C (a.ketogluteric)
va 1 NADH tao thanh.

- Acid ketogluteric bi khir tao ra chat c6 4C (a.succinic) va giai phong CO2
cung voi ATP va NADH.

- Tr day a.succinic tao ra a.malic 4C va 1 FADH: duogc tao ra.

- Bude cudi cung la a.malic tai tao lai chit nhan CO; c6 4C AOA va déng
thoi tao ra 1 NADH.

Noi chung, khi bé gdy hoan toan mét phan tir pyruvate s€ tao ra 4 NADH, 1
FADH>, 5 ATP, 3 CO; va hang loat cac chat trung gian khac: Acetyl CoA, a.citric,
a glutamic, a.succinic, ... 13 nguyén liéu dé tong hop nén cac acid amin, protein,
chit béo, chét diéu hoa sinh trudng thuc vat.
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Trong diéu kién thoang khi 1 phan tir glucose bi oxy héa hoan toan s& tao ra
10 NADH, 2 FADH; va 12 ATP (bao gdm chudi phan tmg dudng phan + chu
trinh Krebs).

Néu nhu nguyén liéu dung dé ho hip 1a protein hay lipid thi qua qu4 trinh
phan giai thanh 3 phospho glyceraldehyde hay Acetyl CoA dé di vao chu trinh
Krebs.

3.3. Hé thong van chuyén dién tir trén mang ty thé

Muc dich 1 dé hiéu rd hon co ché tao ra ATP x4y ra mang trong cua ty thé.

Ty thé c6 mang d6i giong vi mang té bao. Mang ngoai ¢6 cac 16 hong va
a.pyruvic, a.malic dé dang di vao nhung mang trong ty thé thi khong cho phép cac
chét nay di vao ty do ma phai c6 chat chuyén chd dic biét ton ning luong. Trén
mang trong ty thé con chtra hang loat cac enzyme/protein 1am nhiém vu truyén
dién tir va bom H+ tir trong ra ngoai mang. Tao ra su chénh 1éch nong do ion H+
va la nguyén nhan tao ra ATP.

San pham cua 2 qua trinh dudng phan va chu trinh Krebs tao ra nhiéu san
pham 13 ATP, NADH-H*, FADH; con ¢ CO; nhung 6 rang chung ta chua thay
phan tr nudc tao ra va co sy tham gia cua phan tor O,. Hon nita NADH, FADH,
lam thé nao dé bién doi thanh ATP nhu phan tng tong quét 1a oxy héa hoan toan
1 phén tir dudng glucose tao ra 36 ATP. Dé hiéu rd sy hinh thanh nudc va ATP
tir NADH, FADH,, chlng ta xét dén sy van chuyén dién tir cia [H+] tir nhiing
hop chét nay s& dugc truyén qua 1 hé théng protein phirc tap hién dién trén mang
trong ty thé (inner mambrane) va chat nhin dién tir cudi cung 1a nguyén tir O,.
Trong qua trinh vAn chuyén dién tir dén oxy dé tao thanh H,O theo so d6 tong
quat sau:

NADH/FADH, + H" + %0, - NAD" +H;0

4t 4H* oH*

Intermembrane
space

Inner
mitochondrial
membrane

Complex I Complex III 50, + 2HA+> Complex IV
H,0
Hinh 4.3: Sw chuyén vén dién tir qua mang ty thé
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Khi dién tir cia ion H+ trong hop chat NADH va FADH, dugc chuyén van
trén hé théng van chuyén dién ttr thi H+ tir phia bén trong ty thé dugc day ra ngoai
mang trong ty thé tai 3 vi tri ctia chudi van chuyén. Két qua 1a [H+] phia bén ngoai
va trong mang ty thé chénh 1éch nhau. Do sy chénh léch [H+], nén H+ c6 xu
hudéng di vao bén trong nhung mang trong ty thé thi khong cho H+ tham tu do di
vao bén trong.

Theo gia thuyét, trén mang trong ty thé c6 1 nhan té bat cap chuyén van H+
theo thuyét thim thau hoa hoc cia Peter Mitchell dé cap & quang hop. Nhén t6 bat
cip CF c6 nhiém vu chuyén van H+ tir ngoai vao trong ty thé (ndi c6 [H+] cao >
thap) va dudi xic tac cia enzyme FoF1-ATPase thi ATP s& duoc thanh l1ap trong
ty thé (hinh 4.3)

Theo 1y thuyét, ct 2 H+ dugc chuyén van qua mang trong ty thé bai nhan
td CF va duéi su xuc tac cua ATPase thi 1 ATP duoc hinh thanh.

Hai dién tir ctia 2 ion H+ tir hop chat NADH tham gia vao dau chudi van
chuyén dén cudi chudi s& chuyén 6H+ tir trong ra ngoai twong duong 3 ATP.
Riéng dién tir ciia ion H+ tir hop chat FADH, tham gia vao vi tri thir 2 cua hé
théng van chuyén dién tir, khi 2e” nay duoc chuyén van dén cudi chudi s& chuyén
4H+, tuong duong 2 ATP. Tuong tu nhu viy, 2 dién tir tir 2 ion H+ trong chat
FADH duoc tao ra ngoai té bao chét (do qua trinh dudng phén tao ra) khi van
chuyén qua hé thong truyén dién tir tao ra 2ATP ma thoi.

Hinh 4.4: M6 hinh gia dinh cia
phéan tir CF.

Khi phan tmg tong hop ATP
xay ra, H+ khuéch tan vao trong Fo
theo nguyén tic giam gradient nong
d6 thi tiéu phan v ciing xoay quanh ti
n6 va mang ty thé. Khi tiéu phan y
xoay thi gdy ra su thay doi hinh dang
cau Fo. Chinh sy thay d6i nay dn dén
hinh thanh ATP dudi su xuc tac cia
ATP synthase.

Tom tit nang luong tao ra do oxy hoa hoan toan 1 phén tir glucose nhu sau:
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Bang 4.1: Tong két niing lwong tao ra do Oz héa hoan toan 1 phan tir glucose

Qua trinh ATP tao ra

1/ Glycosis

= 2ATP 2 ATP

= 2 NADH (INADH té bao chit = 2ATP) 4 ATP
2/ Acetyl CoA (2 vong)

= | NADH x 2 vong (INADH ty thé = 3ATP) 6 ATP
3/ Chu trinh Krebs

= 1 ATPx2vong 2 ATP

= 3 NADH x 2vong x 3 ATP 18 ATP

= 1FADHXx2vongx 2 ATP 4 ATP

Tong cong 36 ATP

So sanh hai qud trinh quang hop va hé hdp xdy ra & cdy trong. Quang hop
dwoc xem nhw ld qud trinh sir dung ndng heong dnh sdng mdt troi dé tong hop
carbohydrate. H6é hdp thi nguwoc lai, oxy héa chdt hitu co dé tao ra ndng lirong
hoa hoc.

Bang 4.2 Tong két va so sanh 2 qua trinh quang hop va ho hap trong cay

Quang hop Hé hap

-

1. Dy trlr nang lugng trong phan tor 1. B¢ gdy phan t¢r duong tao ra nang
duong luong

2. Str dung CO, va H,O lam nguyén liéu 2. Str dung O; lam nguyén liéu

3. Tang trong luong 3. Giam trong lugng

4. Xay ra khi c6 anh sang 4. Xay ra hoic anh sang hodc bong toi
5. X4y ra trong nhiing té bao chita DLT 5. Xay ra trong tat ca cac té bao song
6. Tao ra O, 6. Tao ra CO,va H,0

7. Tao ra ATP tir &nh sang mat troi 7. Tao ATP tur phan tir duong

3.4. Chu trinh Pentozphosphate (oxy hoé pentose phasphate)

Trong té bao chat khong chi xay ra duy nhat mot qua trinh glycosis (oxy
hoa glucose = 2 pyruvate) ma con c6 1 qua trinh khac nira goi 1a qua trinh pentose
phosphate. Nguoi ta xép nhitng phan tmg nay vao loai phan Gmg ho hip vi co su

60



oxy hoa duong glucose 6C = duong 5C goi chung l1a duong pentose va 1 phan tir
CO, dong thoi tao ra NADH 1a chét can thiét trong quang hop.

Tom lai, sw oxy hoa pentose phosphate la su oxy hoa dwong 6C thanh
dweong 5C dé tao ra COy NADH va nhitng san phdam trung gian khdc.

So dd tom tat phan ing pentose phosphate:

Glucose ?_T Gluconate K \i Ribulose 5 P

NADP* NADPH NADP*
Hinh 4.5: So' dd phan tng ciia sir oxy héa pentose phosphate
Vai tro cua su oxy hoa pentose phosphate:
1. Tao ra NADPH trong té bao chat.

2. Enzyme NADPH dehydrogenase nam trong mang ty thé ciing c¢6 kha ning
oxy hoa NADPH dé tao ra oxy va ATP.

3. Ribulose 5 phosphate 13 san pham cila qua trinh nay ciing 1a tién chat dé
tong hop RNA va DNA.

4. Cac san pham trung gian khac nhu duong 4C két hop véi PEP tao ra nhitng
acid amin, tién chat lignin, flavonoids,... can thiét cho té bao trudng thanh.

4. Sy 1én men (Fermentation, hd hap khong c6 oxy)

La su oxy hoa pyruvate va NADH trong diéu kién khdng co oxy xdy ra
trong té bao chat, san pham cuéi cung la ethanol hodc lactic acid.

Khi té bao thiéu oxy thi chu trinh Krebs khong hoat dong, lac d6 pyruvate
va NADH tich tu nhiéu trong té bao chat.

C6 thé tom tat cac phan tng nhu sau:

CO» NADH
Pvruvic acid -/ \j: Ethanol
NADP*
NADPH

Lactic acid

Hinh 4.6: So' d6 sw 1én men
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Qua trinh dudng phan cling khong xay ra tiép tuc vi té bao chat bi thiéu hut
NAD* cho nén budc tao ra glycerate 1,3 bisP bi dung lai. Lic nay qua trinh 1én
men yém khi lai x4y ra phan giai pyruvic acid va NADH tao ra ethanol hoc acid
lactic.

Phan ng tao ra ethanol dugc xuc tac bdi acohol dehydrogenase. Mt vai
té bao chira lactic acid dehydrogenase, s& sir dung NADH dé khur pyruvic acid
thanh lactic acid.

Vi vay, la ethanol hoac lactic acid hodc ca hai, 1a san phém cua su lén men,
phu thudc vao hoat tinh cia mdi enzyme hién dién cung v6i 2 ATP. Nhu vay su
phan giai 1 phan tir glucose bang con dudng yém khi tao ra chi co ATP.

Kiéu ho hip nay xdy ra trong viing dat bi ngap nudc voi ndong do oxy thap hoic
khong co oxy.

Dé tim hiéu nhitng phan g ciia cdy khi bi ngdp ving, ching ta xét dén
nhitng bién doi ciia ddt va cdy trong diéu kién ngdp nwde nhw trinh bay duwéi day.

a/ Pit
+ Vat Iy dat:
- Cdc té khong chira ddy nuéc nén khéng cé oxy cung cdp cho ré.
- Dt tré nén mém nhdo trong khi ngdp nwéc va nén chdt khi nude rit.

- Lop phu sa day hay mong (phu thuoc vao thoi gian ngdp va luwong phu sa
trong nuedc) phi 1én mdt dat va khi nwée rit 16p phi sa bi déng van khéng cho
oxy xdm nhdp vao ddt, gdy hién twong nghet ré.

+ Héa hoc dat

- NHa, ethanol, CO,, HS, Fe?*, ... hién dién véi nong do rit cao va gdy déc
cho ré vi khéng c6 oxy.

- pH dat tang 1én mét it.

Cdc djc chdt nay sé bi dong nwéc mang di khi van toc dong chay 16n nhung
chiing sé tich lily lwong 16m khi véin toc dong chdy giam xudng. Diéu ndy gidi thich
Vi sao trong thuwc té mét vdi loai cdy trong can sé chét nhiéu khi dinh lii giam
xuong hodc vén toc dong chay giam.

b/ Céy trong

+ Ré: hé hap yém khi, tich lily nhiéu ethanol va cdc chat khir khdc gdy ngé ddc
ré, ré chét, dic biét la nhitng ré nam sdu dwdi dat. Ré khéng hdp thu dwoc niede
mdc dit chung quanh ré day nwée. Ré tong hop tién chdt ethylen va moc ra nhiéu
ré méi gan mdt nude dé hap thu O..
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+ La: rii xuong, khdau déng lai vi thiéu nwée. Ham lwong ABA va ethylen trong
| ting Ién, Id chuyén sang mau vang va rung rat sém. Trong mét vai truong hop,
ethylen ngi sinh tich lity trong mé cdy sé kich thich ra hoa nhu xoai, nhan, mai
vang, ... nhung sau dé cdy chét vi ton hao nhiéu ning lwong.

5. Co ché trao déi lipid trong thue vat

Trong ciy ngoai dang dudng va tinh bot st dung trong hé hap con cé mot
dang hitu co hitu dung khéc ciing duoc str dung nhu 13 nguyén liéu trong ho hap
1a chét béo (fats) va dau (oils) dy trit trong hat nhu dau nanh, huéng duong, dau
phong, hat bong vai hodc trong vai loai trai nhu olives, bo. Sinh tong hop lipid
nhiing loai nay trong 2 loai bao quan 1a lap thé va mang ludi noi chat. Lipid noi
chung khong hoa tan trong nudc nhung hoa tan trong dung méi hitu co dé oxy
hoa hoan toan 1 gram lipid sinh ra nang luong 40 KJ hodc 9,3 Kcal trong khi do
1 g tinh bdt cho ra khoang 15,9 KJ hoac 3,8 Kcal.

No6i chung ¢6 2 loai glycerolopids:

+ Triacylglycerol: 1a nhimg chat béo va dau du trit trong hat.

+ Polar glycerolipids: 14 nhiing chat béo va dau ciu tao mang té bao.
5.1. Cac dang lipid trong cay
Triacylglycerol la nhirng chat du trir trong oleosomes:

Dau va acid béo goi chung 1a triacylglycerol, acid béo c6 cau ndi ester ndi
vo1 3 nhoém hydroxyl ctua glycerol. Acid béo trong cay thuong la dang mach
carbon thang c6 khoang 12 — 14 carbons c¢6 nhiéu trong hat du trir trong té bao
chat cua tir diép hodc trong ndi phdi nhil. Ciu tric chi tiét cia olesomes =
spherosomes hoac oil bodies c6 mang don phospholipid bao boc bén trong 1a
nhimng lipid nam trong té bao chat. Mang don nay kha bén viing khong cho nhiing
chat khéac di vao hodc di ra nho trén mang nay c6 hién di¢n 1 protein goi 1a oleosin.
Ciing c6 nhiing tac gia cho rang oleosomes 1a mang ludi ndi chat chira day lipid
ma thanh.

Polar glycerolipid la nhirng lipids cAu triic mang té bao:

Mang té bao 12 mdt mang d6i phospholipid. Cu tao chinh yéu ctia mang
nay la polar glycerolipid (lipid phan cyuc) véi 2 dau ki nude hudng vao nhau c6
khoang 16-18 carbon. Tuong tu nhu vdy, mang ciia cac bao quan ciing c6 cau tric
gidng nhu vay. Chinh cau tric nay ngan can sy khuéch tan tu do cac chat tir bao
quan ndy sang bao quan khac ciing nhu cac chat tir bén ngoai vao trong té bao.
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5.2. Lipid du trir trong hat sé chuyén doi sang carbohydrate trong khi hat
niy mam

Sau khi nay mam, lipid khong c6 kha nang di chuyén trong cy tir noi du trit
dén ré hodc mam dé tiéu thu. Do vay, lipid s& chuyén doi sang dang carbohydrate
linh dong hon thudng 13 dang sucrose. Qua trinh ndy bao gdm nhiéu budc va xay
ra nhiéu vi tri khac nhau nhu: oleosome, glyosome, ty thé va trong té bao chat.

Mot cach tong quat c6 thé tom tat nhu sau:

- Céc lipid duy trir trong hat (trong oleosomes) bién ddi thanh duong cac aicd
béo va aicd bi oxy hoa thanh acetyl CoA.

- Acetyl CoA tiép tuc bi oxy hoa trong bao quan goi la glyoxysomes (1a mot
bao quan duoc bao boc béi mang don c6 nhiéu trong cac hat chira lipid) bang
qua trinh glyoxylate cycle tao ra succinate.

- Pay 12 nguyén liéu cung cip cho Krebs cycle trong ty thé. Tai dy succiniate
qua chu trinh Krebs bién d6i thanh malate va cudi cing thanh oxaloacetate
trong té bao chat.

- Oxaloacetate bién d6i thanh glucose, sucrose qua con dudng
gluconeogenesis.

Chi tiét duoc trinh bay sau day:

a/ Thity phén lipid (lipase hydroglysis): triacyl glyceryl du trir trong cac thé
dau sé& bi bé gdy thanh 3 phan tir acid béo va glycerol bang enzyme lipase ma
enzyme nay nim ¢ mang ngoai cia thé dau (oil bodies).

b/ Sw oxy hoa cac aicd béo (B-oxidation of fatty acids): cac acid béo bi thiy
phan sé& di vao glyoxysome va céc acid béo bi bién d6i thanh acid béo Acyl CoA
1a nguyén liéu cho hang loat phan ing B-oxidation. Néu aicd béo nay ¢ n carbon
thi ¢6 dén n/2 phan tir acetly CoA duoc tao ra. Trong chudi phan tng nay két qua
tao ra nudc, NADH, FADH; va Acetly CoA.

Chu trinh Glyoxylate (Glyoxylate cycle): khéi dau 1a Acetyl CoA két hop
vii1 oxaloacetate thanh citrate va thanh isocitrate dudi su xtc tac enzyme citrate
synthase va aconitase (giéng nhu chu trinh Krebs xay ra trong ty thé). Tiép theo
d6 isocitrate 6C bi cat cho ra succinate 4C va glycolate 2C bang enzyme isocitrate
lyase. Tiép theo chu trinh ndy 14 tao ra malate va oxaloacetate.

¢/ Vai trd cia ty thé trong sw chuyén do6i lipid dw trir thanh
carbohydrate

Succinate 13 san pham ctia qua trinh B-oxidation sau d6 di chuyén vao trong
ty thé. Tai ddy succinate s& bién doi thanh malate bang chu trinh Krebs. Sau do,
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succinate di ra khoi ty thé nhd 1 chat van chuyén goi 1a dicarboxly transporter
nam & mang trong cta ty thé van chuyén ra khoi ty thé va tiép tuc bi oxy hoa thanh
oxaloacetate boi enzyme malate dehydrogenase. Tir ddy oxaloacetate s& bi bién
d6i va tong hop thanh carbohydrate 1a nguyén liéu cho qua trinh glycosis xay ra

trong té bao chat.

CYTOS0L
FEF Spherosom
i’ CO,
1 ™ GLYTX YSOM
FERC
Fructoz 6-F . Acid bdo  — Acetyl-CoA
A
Glucoz ATP Acetyl-Coh
J Oxaloacstat
SACarnz COxaloacerat i
3 )
Wlalat tufalat Citrat
TI THE C
Wlalat Kd 2 i
Glyoxylat 3 Isocitrat
Fumarat
P Sueccinat
Succinat i
Sueccinat

Hinh 4.7: Sw chuyén ddi cac hop chét lipid thanh dwdng trong cac hat cé dau
6. Thuc hanh
6.1. Thi nghiém 1: Phat hién CO> thai ra trong hé hap
* Dung cu va nguyén liéu
- Hat néy mam hodc 14 cay.
- Khay nhya co nap day.
- Nudc voi trong Ca(OH), hodc Ba(OH), béo hoa.
- Céc thuy tinh, que diém, nhiét ké.
* Céch tién hanh
Dung 2 cc thiy tinh ¢6 dung tich 1-2 lit trong d6 1 cdc lam ddi ching va
1 coc lam thi nghiém.

- Phan Thi nghiém: Cho hat nay mam trén dia petri hodc 1a cay roi dat 1
cde nudc voi trong va 1 nhiét ké vao khay nhua day nap lai.
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- Phan D61 ching: cho vao mot cde nude voi va nhiét ké vao khay nhya va
day nap lai.

bat thi nghiém 1én ban sau 2 — 3h quan sat 2 bearker, nhiét ké thi ngiém.
Sau d6 d6t que diém dang chay dua vao 2 phan trén va quan sat ngon lira.

* Trinh bay két qua
a. Cc nudce voi nhu thé nao? Giai thich?
b. Pua mot que di€ém dang chay vao binh thi c¢6 hi¢n tugng gi? Giai thich?
6.2. Thi nghiém 2: Panh gia strc song ciia hat
Hat dugc  trong dung dich 2.3,5 triphenyltetrazolium chlorine. Ban dau
dung dich khong mau nhung sau d6 thay d6i sang mau hong dé khi tiép xtc
hydrogen (khir) xuét phat tir cac enzyme trong qua trinh ho hap (day la phuong
phap test duong tinh voi enzyme dehydrogenase). Cac phdi cho ta thiy ho hip
chu dong duoc xem nhu strc séng va chuyén sang mau hong do, cac hat khong
c6 strc séng thi khong an mau.
e Dung cuy, vat li¢u
- Céc loai hat, mdi loai 40 hat.
- Pia Petri, cbc thuy tinh, 6ng nghiém, dén con.
- Dung dich 2,3,5 triphenyltetrazolium chlorine 1%.
* Tién hanh
Chon 40 hat cho mdi loai ciy trong chia ra 2 phén:
- Phan 1: cdt hat 1am d6i, sau d6 Gp phan mit cat xudng, roi cho dung dich
2,3,5 triphenyltetrazolium chlorine1% vao, quan sat hién tugong.

- Phan 2: cho vao mdt dng nghiém dun s6i 100°C trong 3-5 phut. Sau d6 lay
hat ra cét d6i cho vai giot 2,3,5 triphenyltetrazolium chlorine 1% vao mat
cat.

- Xac dinh phoi an mau véi 2,3,5 triphenyltetrazolium chlorine dugc trinh
bay vé1 bang sau:

Loaihat | Sohatbi | Sohatbi | %stc |S6hatkhong | S hatbi | % siic
dun so1 nhudém séng bi dun so61 nhudom séng
Hat bip
Hat lba
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Hat dua leo

Hat cam

* Trinh bay két qua: So sanh % stic séng cua hat khong bi dun va bi dun s6i?
Giai thich?

CAU HOI ON TAP

H6 hap ¢6 vai tro gi voi doi sdng thuc vat?

CAu tao cua co quan thuc hién viéc ho hép?

Ho hap c6 phai ludn tao ra nhiéu ning luong khéng? Vi sao?

Y nghia ctia ho hap véi sy hinh thanh va phat trién ctia hot? Lic con ¢ cay
me va khi tach biét?

5. Vai trd ctia Oxy trong ho héap thyuc vat? Thuc vét c6 bi thiéu Oxy hay khong?

~whe
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CHUONG 5
DINH DUONG KHOANG THUC VAT

Gioi thiéu:

Néu Ién vai trd caa ngudn dinh dudng ddi véi hoat dong sdng cua cay. Pay
| nhan t6 chinh ma con ngudi c6 thé tac dong nham téi wu ning suat cho cay
cling nhu dat hiéu qua canh tac cao nhat
Muc tiéu:

Kién thirc:

+ Trinh bay duoc vai tro, dang hap thu va dic tinh cua cac loai dinh dudng
khoang.
K¥ nang:

+ Nhan dang céc biéu hién khi cay thira hoidc thiéu cac loai dinh dudng

khoang.

+ Panh gia két qua va dua ra khuyén céo.

Nang luc tu chu va trach nhiém: Rén luyén tinh can than, chinh xac, ham hoc héi.
Panh gia két qua thi nghiém va dua ra nhan dinh cho két qua da phan tich.
1. Mt s6 khai niém vé dinh duéng khoang ciy trong va nito & thwe vat

Liebig (1803 — 1873) 1a nguoi xdy dung thuyét dinh dudng khoang thuc
vatva ong dua ra “dinh ludt toi thiéu” cho rang khi bén vdao dat mét chdt khodng
nao dé véi bat ky liéu lwong nao sé khong lam tang nang sudt néu nhuw cdc nguyén
16 khdc bi thiéu. Liebig cho rang N, P, K, Ca, Mg, Na, Si va Fe 1a nhitng nguyén
t6 toi can thiét cho cdy. Ly thuyét nay duoc chau Au ap dung lan dau tién dé tang
nang suat cay trong nhat 1 loai cay luong thuc va nganh phan bon ra doi tir day.

Ngay nay, con nguoi da biét hon 100 nguyén t6 khoang c6 mat trong co thé
thuc vat bac thap va bac cao, trong d6 khoang 16 nguyén td 1a nhitng nguyén t6
khoang that su can thiét cho cdy séng va phat trién. Theo cac tac gia ndy thi mot
nguyén t6 dugc xem 13 co ban thi phai hoi du 3 tiéu chuan dudi day:

+ Cdy khéng thé hoan tit chu trinh séng khi khéng cé nguyén t6 khodng do.

+ Chikc ndng ctia nguyén té khodng dé khong thé bi thay thé béi 1 nguyén to
khac.

+ N6 anh huéng truc tiép dén cdc qud trinh hdp thu va vin chuyén khodng
trong cay.
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# Voi hang loat cac khoang ké trén, nguoi ta chia ra thanh 2 nhom dya vao tinh
kim loai:

+ Nhom kim loai: K, Ca, Mg, Fe, Zn, Mn, Cu va Mo.

+ Nhom phi kim logi: N, P, S, B va Cl.
# Dua vao dic tinh sinh Iy cia khoang chat trong cAy nguoi ta chia thanh 4 nhom:

+ Nhoém 1: C, H, O, N va S. Nhiing chat nay c6 mit trong nhitng hop chat hiru
co, tham gia vao thanh phin enzyme, xtc tac cac phan Gmg oxy hoa khtr.

+ Nhom 2: P va B, nhitng chat ndy tham gia vao trong phan tmg chuyén hoa
nang lugng va ester hda cdc nhom co6 chira acol trong cay.

+ Nhom 3: K, Ca, Mg va Cl dong vai tro nhu chat gay ap suat tham thau, can
bang ion va c6 mit trong cac enzyme.

+ Nhom 4: Fe, Cu, Zn, Mo, c¢6 mat trong céac chelate, trong cac protein chuyén
biét 1am nhiém vu véan chuyén dién tu.
& Néu dya vao quan diém s6 luong ma cay can thiét, phu thudc vao s6 luong su
dung cho cay. Nguoi ta chia thanh 2 nhém:

+ Nguyén t6 vi lugng (micronutrient): hién dién trong cay véi nong do rat thap,
thuong cac nguyén to nay co trong thanh phﬁn cua enzyme. Nhu Fe, Cu, Zn, B,
Mo.,...

+ Nguyén té da luong macronutrient): hién dién trong cdy voi nong do cao,
thudng c6 trong cdu tric co quan cua cdy hodc dong vai tro nhu chat giy tham
thau. Nhu N, P, K, Ca, Mg, S.

2. Co ché hiit cac chat khoang ciia ciy
2.1. Co ché hiit khoang qua ré
a/ Co ché thu dong
Chét khoang c6 kha ning khuéch tan qua mang té bao tir noi c6 nong do
cao sang thap thong qua nhiing protein hién dién trén mang té bao. Qua trinh
khuéch tan dirng lai khi ndng d6 hai bén bang nhau. Su khuéch tan nay danh cho
nhitg phan tir c6 kich thude nho, c6 tinh phan cuc goi 1a khuéch tan don gian.
Ngoai ra, su xdm nhap vao té bao c6 nhitng phan tir ¢6 kich thudc to thi
chung dén tiép xtic va lién két voi nhiing protein dong vai tro nhu nhiing chét
mang chuyén ché cac chat khoang tir noi ndng d6 cao sang thap ma khéng can
tén nang luong.

Sy khuéch tan chat khodng vao té bao theo co ché nay dugc tinh theo cong thirc
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Vmax: Tdc do hap thu téi da cua chit khoang qua cac “chit mang” trén
mang tb.

Km: hang s6 Michaelis, hing s6 nay = 4 van toc hap thu chat khoang t6i
da.

Cs: nong do chat khoang hién dién bén ngoai tb.

Cong thire trén giai thich dugc ham luong chat khoang c6 trong tb thuong
ty 1¢ thuan v6i ndng do chit khoang bén ngoai té bao.

b/ Co ché chii dong

Sy héap thu chat khoang theo cach nay phai c6 ATP va di nguoc lai Gradient
ndng do (tir ndng do6 thap sang cao).

+ Theo ghi nhan, ham luong K trong té bao cao hon 80 lan so véi ham
lugng bén ngoai. Nguoc lai ham lugng Na trong té bao thap hon 6 1an so véi moi
truong ngoai cua nhiing thuc vat sdng trong ving nudc man. Ngudi ta cho rang
trén mang té bao co hién dién “chit mang” (thudng 1a protein), trén chit mang co
nhimg diém gan dic biét va chat nay mang chat khoang ra ngoai ma té bao khong
str dung. Nguoc lai, n6 hap thu vao nhimg phan khac can thiét cho té bao. Qua
trinh can phai tbn ATP duoc cung cip tir ho hap cia té bao.

+ Trong nhiing ndm gan day, ngudi ta cho rang trén mang té bao ciing nhu
mang khong bao c6 hién dién 1 cai bom proton H+, thuc chat cai bom ra ngoai
lam cho pH mai truong trong té bao chét tang 1én (pH=7 — 7,5) so v&i mdi trudng
bén ngoai (pH= 5,5) tao ra su chénh léch hiéu dién thé. H+ sé& di vao trong té bao
chat va kém theo d6 1a chat khoang cation va anion. Nguoc lai, trén mang khong
bao cling c6 hién di¢n 1 cai bom proton H+, cai bom nay bom H+ tir ngoai té bao
chat vao trong khong bao lam cho pH trong khong bao thap (pH= 5,5) hon ngoai
té bao chat dudi tac dung cia H+ ATPase. Khi H+ dugc bom ra ngoai thi 1 cation
dugc trao ddi. Vi nong do H+ chénh léch giita 2 mdi trudng nén H+ c6 khuynh
huéng di vao khong bao. Qua trinh di vao H+ thuong kém theo 1 anion dong
hanh. Bom H+ hoat dong doi hoi ton rat nhidu ning luong dang ATP do ho hap
cung cap.
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2.2. Sw hap thu khoang qua l4

L4 ciing 1a co quan hap thu 1 luong khoang dang ké, trén 14 c6 16p sap lam
ngin can sy xdm nhap cta chét tan vao bén trong té bao. Bé khic phuc hién tuong
nay c6 thé phun phan bon 14 vao sang sém hodc chiéu mat hoic cho vao dung dich
phan bon 14 1 it chat dinh dé ting kha ning xam nhap cia chat tan vao bén trong
té bao.

Bé mit dudi 14 cta cay 2 14 mam co rat nhiéu khi khau ciing 13 ctia ngo dé
chét khodng xam nhap vao khi khau mé ra, dic biét 1a dang khi NH3, SO,.

Sy hap thu chat khoang qua 14 phu thudc rat nhiéu vao chat mang ion
khoang. Hién nay nguoi ta thuong dung cac chat hitu co c6 trong lugng phan tir
16n nhu aicd humic, acid fulvic, chelate (EDTA: Ethylene Diamine Tetra Acetic
aicd) dé kém giit va mang cac ion khoang dic biét 1a cac ion khoang vi luong.

2.3. Sw van chuyén chét khoang trong ciy
< Sw van chuyén doan ngin (tir té bao 16ng hut dén mé gb)

Sy van chuyén khoang ciing giéng nhu nudc 1a theo 2 con duong ndi bao

chét va ngoai bao chat. Xem lai chwong nuéc va thuc vét.
< Sw van chuyén chit khoing trong mé gb (van chuyén doan dai)

Cac chét khoang va nhitng phén tt hitu co ¢6 trong lugng phan tir thap duoc
van chuyén chi yéu bang gd tir ré 1én than va tir than 1én 14. Nudc 1a chat mang
di chuyén trong mach g5. Tdc dd van chuyén chét khoang phu thudc vao van tdc
di chuyén cta nudc trong mo go.

% Sw van chuyén chat khoang trong mach floem (libe)

Mot sb ion cling co thé tach ra tir cac té bao hodc tir mach hé théng mach
g0 di vao hé théng mach floem dé cung van chuyén voi cac chat dong hoa di dén
cac co quan, bo phan cta cdy. Nguoi ta phat hién ra nhiéu ion khoang c6 trong
thanh phﬁn cua dich van chuyén trong mach floem véi néng d6 rat khac nhau. Cac
chat khoang c6 kha nang di dong 16n thi dé dang van chuyén trong mach floem
nhu K, Na, P,...

3. Cac yéu td anh huéng dén sy hip thu dinh duéng 6 ré
3.1. Anh hwéng ciia diéu kién bén trong dén qua trinh hiit khoang ciia cay
% Nhu ciu sinh Iy ciia ciy

Ré cay c6 kha ning hap thu chon loc cac chat khoang, tiy thudc vao nhu
cau doi hoi ciia chung. Khi cac loai thyc vat khac nhau dugc trong trén cling mot
loai dat va trong diéu kién ngoai canh nhu nhau, ham luong chit khoang cta chung
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s& khac nhau. Trong cic bo phan khic nhau cia thuc vat ciing vay, thanh phan
cac chat khoang ctia no ciing khong gidng nhau.

RE cay chura day du cac nguyén td ciia 1 khoang nao d6 khong thé hap thu
nhanh ré cdy thiéu nguyén t6 khoang d6. O cac té bao gia ngimg sinh truong thi
khong thé tich lily ion t6t nhu nhitng té bao dang phan chia.

& Thoi ky sinh truéng va phat trién

Khi cdy con non né chi hut duoc chat khoang trong dat & dang dé hoa tan.
Khi cay truong thanh nd co thé st dung ca nhimg dang khoang kho hoa tan dé
hép thu bang cach ré cy tiét ra cac chat dé hoa tan cac chat khoang.

O cac loai cdy khac nhau, tinh chat xdm nhép cac nguyén t6 khac nhau kha
16n. O cdy hang nim vao giai doan cudi cua qué trinh sinh truong va phat trién,
phan 16n cay khong nhimng hut cac chat khoang tir moi trudng ngoai ma con co
thé ¢ hién tuong nguoc trd lai. O cudi thoi gian sinh truong va pha trién Kali c¢6
thé mat dén 1/3 s6 lugng tdi da, Ca méat 1/5, Mg mat 1/10.

% Do pH cua dich bao

D6 pH dich bao cua té bao ré c6 anh hudong dén kha ning tich dién cia cac
phan tr protein, do d6, né anh hudng dén kha niang hap thu céc ion khoang cua
cdy. Trong mdi trudng acid thi protein cia chat nguyén sinh tich dién duong nén
tang kha ning hut cac cation, con trong mdi trudng kiém thi protein sé& tich dién
am va tang kha nang hat cac anion.

3.2. Anh hwéng ciia diéu kién bén ngoai dén qua trinh hiit khoang ciia ciy

Pat 14 noi cung cdp dinh dudng chinh cho thuc vat bac cao. Nén phan 16n
cac diéu kién anh hudng dén sy hit cac khoang cia cay 1a cac yéu t6 trong dat.

Dit dugc chia 4 phan:

+ Khoang (chat vo co): chiém 45% gdom nhiing khoang chua phan hay va
phan huy

+ Chét hitu co: chiém 5%. Nhiém vu cim giir nudc va mubi khoang cung
cap cho dung dich dat. Téc do khoang héa Chat hitu co thanh chét hitu dung cho
cay phu thudc vao nhiét do, pH, am do.

+ Khi 20% thé tich, hién dién trong cac loai dai té khong (16 hong to) ctia
dat.

+ Thanh phan 16ng 30% thé tich, dién hién trong cac tiéu té khong (16 hong
nho) ctia dat bao gdm nudc va chat dinh dudng khoang.
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