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CHAPFTER: 7 CARBOHYDRATE METABOLISM
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Thiene afe Twe cdishect methads by which cells synthesize ATP. Oxidative plsosphorylation, Fvabsing the slectron transpert
chiin, the generatson of ATP & Grked 1o e asdstion ol FRA0OH and FADH; to NAD® snd FAG respeciely sl oo wia the
generation of a proton gradeent across the mner mitochondnial membrane.

in cantrast, the fwo ATP synthetic r=actoms . phecolysis {oatatyrsd by phosphoghosate kinase and pyruvate kinase)
weeolye the dract transfer of a phosphate from & sugarphosphate etermediate to A0F; chese reartions are examplas of
subatratedevel phosphorglation, & tkrd ssample of substrpie-lepel phasphosylabon 2 Be aprthes of GTP by suoc-pate
dehydrogenase in the oitne acid oyde. The GTF can be used o phosphorylate AP io form &710,
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Fates of Pyruvate;
==
3 1. Entry inko the cfric acdd cypole, Glyookms relegses
i e relativedy little of the energy presend in a  glucose
Bttt medecile; much more & fefeaded by the sufsecuent
#-

pperation of the oinc aod owle amd  owdative

T
_-;f,,.-lﬂ'l'—*l \--:— phesphorglataon  Followivg Thes reute under  aprobse

ronditions, pyruvate is comverted to scetyd Codl by the
ey

angyms pyravate dehydropenase and the soebd Cad then

r‘ o, ¥ b enters e obne sod cpcde The pyewvale debydrogenase
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] ST T + D
A g
[4c0,+ 0] 2. Comversion 1o fatty acid or ketone bodies, When (e
par= -::': warey rebcralsial cellular energy lewel is high (TP i espess), the rate of the

titre acid cycle decreasss and acetyl CoA beging 10
accurmillate. Under these corrdions, scebd Cod can be uzed dor fakty aod synthesis ar the symibess of ketone bodies

3. Conwershon bo lactane: The MADT used during glycodysis (A the formation of 1,3bisphosphogiyoerate by ghiceraldahyde 3=

Enosphete dehpdrogenase) miasl be regenersted & gheolyin 8 to contmue. Under aefabic conditians, BAK id regenerabesd

by the recodatian of MADH wa the elecbrom transport cham, When caygen 13 mitng, 25 in muscle during vigorous

cantractinn, the remddation of MADH 1o HAD® by the slectran transpar chain bacames insuffinert ta maetain gyoolysis

Ursder these condibicns, HAD® 1= regenerated mstesd by conversion of the pyruvate to lctste by laciate defrydrogenase:
Loctate defiwdrogenese

Pruunne & NADH + H' —F lactate £ MAD"

Wwihen suffient cuygen bacames available ance mone, NAD® levels nee through operatian of the electran transpart cham
Thee lactate debivdliopenase reaction then reverses 1o regenerabe pymivate that is converied by pyrovale dehydaogemads 1o
acetyl Cod that can enter the crinc add oycle [2&= abowe). Thus the operation of Inctote defwdrogenase in memmals 15 a
et haidsen Tor tha recskslatsan of MADH to NAD"

Hence allowing glveolysts to cantinue, and ATP 1o be made, under anagrobk conditsans. The process b even maore
saphisticatod i the case of vigorously contracting skelatal musclo, Here the latsie produced & transparted in the
Blogdstream to the liver ‘where i = conseried back 1o ghacose and can return once agaim wa the bloodidream to the
sheletal muscle to be metabolized to yield emengy. This is called 2c Corl oycle. Finally, in some microceganisms, lactate (s
the marmad pradoct Irem pigrivaka,

4. Conwersion to etharal: - In yeast 2nd some other microorgansms under anzerohbic conditians, the ALY
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ANAEROBIC METABROLISM (FERMENTATION)
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[T - Gluchis o JADP & 3P, —& Jathinol s 300, 3 ATP & 3 H;0
. Glacose + 3 AOP & 3 =& ] lactsis & 3 ATP = 20
Energy yield;

Early in glycatysis, two ATPs sre required for the conversian of glucase to gplucose G-phosphate by hesakinase and far the
corwersion of fmactose &-phos-phaio to fructose 1,6-bisphosphate by PFE

Howear, Iructiose 16-bephosshate tham gives riss 1o fwe these-caeban units, e=ch ol which ganerates two ATRE 0
subseguent steps catalyosd by phosphaphoerate bress and pyruvate Kinase) gnarg @ net yield of two ATP per oniginal
gluonie malecule. The owerall reaction =

Glucogs & 2 Pe 3 AOPF & 3 NAD® — 3 Pyriwate + 3 ATR & IMNADH 2 H & 2 HD
Miote that, urdar serobic conditions, the two HADH mofeculas that are synthasized are recoidizad via the electron Eramspor
T i [ # 5

phosohate shuftle and produces appecaimately two ATF5 during caidakive ohosphorvistion arvathe malate-aspariate
it i il fhirge A il i il fi L5t

Begulation of ghycalysis:

Phosphaofmsctokinase
The mesl enpoetant Gontral sbep of phetolyin s the oréversile rescbion catalyied By phesphifridokinase (PFE] The
enEyme i reguiaied in seynral ways

1. ATPAAMPE, PFE i3 allosterically whibited by ATP but the mbibition 2 reyersed iy 0P This allaws gheeolysis to be
responsive bo the onergy needs of the cell, speoding up when TP s in shor supply {and ARF is plentiful] 2o that mare ATP
can be made, ardd skweng down when sufficsnt ATP 5 alrescy avmlable

Z Citrate. PFE 15 alsoomdibited by otrate, the first product af the citne aod opde praper. & high lewsd of crtrate signals that
these ks 2 plentiful sipply of otric acd oyole wiermediates sready ard horen o additional broakdown of ghacowe via
glviohysis is needed
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Wigh [ATFY
Pigh | AMP| Wyl [otentn

¥ Fruchese FG-hisphoaspiate Frucbase 16-bisphesphate (F-2,6-B8) i aynthesiced  Trom lroclose S-phoiphste by an
ercyme called phosphofructolmase-2  {(FFEI], o dfferent =meyme from PR F-25-BF s hydrolyeed back to fructase
E-phosphate by fructose bisphasphatase ¥ (FEPate?). Amazingly, bath PRCT and FEPase? am activities catalyzed by the
same polypepiide; heace this i a bi-hingtonal sntyme. Frectose G-phesphate stmulates the syathesis of F-2L6-B82 and
inkonits its hydrolysis. F-2,6-8BF In turn strangly activates PHE ard hence stimilabes glyookysis.
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Thu m'u:laﬂ'm:l ] thﬂ-l: Hlmn fl'uclnu E-nhmnhm |M|.1 H‘t high., FFMnnd hence glycobysis| is rhlnu'hud F'FII :ud
FEPasa ane alse controllod by covaient modilication, Whin bisad ghetose levels Tall, the hormess glucsgan & releasod
mba the blsodstream and trippers a cAMP coscade that leads to phosphargdation of the PFEIFIPasel polypepiide at a
single scrine resadue. This activates FBPase2 and Inksbits PFEZ, owering the level of F-2,6:-BF amd henoe decreasing the
rate ol ghealysisc The reweres i ree o gletoss euels s the phosphats growp B remeved frem the PREY FEPased
polypeptide by a phosphatase;, thus inhibiting FBFaseZ and acthating PFE2, raizang the level of F 26-8F and hemce
Imcreasing the rata of ghycolysis:

-2 6-8F & also important & preventing ghuchpds [ghucome depracation] smd gluconeogeness (ghacose symihesig
operating simultanecusly, ThE = called reciprocal regulation .

4, W' jsas. FFE is mhibited by H bons and hence the rate of glycolysis d ecreases when the oH falls significantly. This prevents
the pxiesspe Inrmatlion ol lectale (e lsctic scid] under snaerabic canditions and henie prevents the mredical candition
oy 35 ackdosis (@ defetenious drap in blood pH)

H imasg
Hexnkinasa, which catabyzes the first irmewersible sten of giycadysis, 15 inhibited By glucoss G-phosohate, Thus when PFE i
mitnted, Fractose & phasphate Buikds wp and 5o does glucose G-phodphale smee These fwo melaba®es a0 i equilibrium
wia phesahoglucaisomerase.

The haxakinass inkebiticn then seinderces the inkilimon At the PR step. AL fest sght 1M sedims unuiual snce in s usually
the= first sreversible step of o pathway (the committed step] that i the main contred $1ep. O this basi, iF may appear that
hexckinase should be the main cantral enzyme, not FFE. However, glutose 6 phasphate, the product of the hesokinase
reaclion; can alse Meed intg glyiogsn syniheus o (e pemiiee phosphate pathveiy Thaas the Gies irreversible siep thil i
unigue te ghycolysis = Shat catabyoad by PFE and hence thisis the main contral step.

Pyruwate kinase
Pyrusabe kinpse cilalyees the third irreversible step i ghoobses I achvoled by Trudiose 1 6-Gisghosphate, ATP and the
aming acd alaning allostercally inhib® the enzyme o thas ghoolyes dows when supples of ATP ard Bicewne-thotic
precurszrs Jindsatedd by (he kewale of Ala) are srgady sulficiently high. I addgion, = a control sirdar (o Tha Tor PFK (see
abne=], when the blood ghicose concentration & low, glucagon e relessed and stimatetes phoasphoeylation of the encyme
wia & cAMP cascade | Ths covalent modification inkioits the enawms so that @lycodysic slows down in tines ot lew blood
Elucode lovieh

P etabadicm of fructose: bt
. F aTF
Fructose 15 am abundant =agar m the kuman diet; sucrose dtable Frutsicas J=phomgsd
wugar] ik 2 disaccharida witeh wber hydrodyzan vielos fructose and
glucase gnd fructoss & o 8 magor sugar e Trnks pnd baney, Thers mel ’I ml l‘
are two pathways for the metabolam of fruckose; o coours &
inuscle ared wedipose Cissus, the ofiee in Qyaraicialtsde & diryceaymostona phoachade
&P
T hings F“D‘P
Ciyoeralaars ke Jphoaphats

Tha frueteds 1phednhate pathaiay
1. In maiscie and adipase lizspe, fructoie cen be phoaphorylested by hegoknase fabach = capable of phosphorlating bBath

gluonse and fructose] 10 form druciose & phosphate which then enbers glecolysis.
T o liEr, the oefs comlain mamby glucokingse instead of hegakimese and this enpyrne phosphargdates oby ghiiose, Thusm
fiver, dructoss is metabaliced instead by the hml-phuiwm pathway
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* Fructose Btunurt-udt-u frtu'h-u-n l-n-hnmml:n.l fn.u'huhham

*Fruclasey l-phesphate Is then split into glycoraldehyde and dihydrexyacetans phaosghate by frectase 1-phasphats
aldalase,

The dibpebramymceions feeds b @yiclysls a1 The triose phasphate samarmse slep

& Tha phyceralderyda is phosphordlatad by trlose kinasa 10 glyceraldatyde 3-phosphato ani so alse emars ghcalysis.
Ietabalism of galactoss:

Thee Frpcrodysis of the disaccharide lactose §in milk] yields galactose and glucose. Thus galactose & aksa a major detary sugar

Ear bumars. Galacgoss and glucose are epimears Chat @fler o ther ©nliguratson 81 C-4 . Thus Che enley ol palactoss sla

ghycolysis reguunss an spimenization reactron. The oocows wa o four-sten pathway called the galactose-ghucose

Iirtarcomwersian patlay

1. Galdcfoss is phosphandated by palsctokinese 1o give gilactose 1-phoiphaie

2 Galactose 1-phosphate urkdviyl transferase catalvees the transfer of a wnidyl grows from UDPgluccse to palactase 1-

Enosphag fo larm UDP-galaciose arvl ghatoce 1-phagphage

I i h Galactoss
A —
"y g cbokdas o

3 The LE-golpstose o convered back to UOP-ghitose by URP- Clugirse 1 phie phavic — __-3"
galactose d-epimerase. Thiss, overal, UGS glucose is not consumed W e Calachnno 4 -phosphala
i B reatinn patlivay =] ‘j.ﬂh.h.
d Finally the glucose 1-phosphate 15 cormerted to gucose 6- e UMGhRTY ey

= = K Xy
phosphate by phosphoglucomutasep. The glucose 6-phosohate |JEeie x‘:-:uwlrm:
ther eriters ghycalyuis L e

e gtk — T
L]

alactgse 1o glucose  Towic  substances  accureilafe  sudh_a Gluswse 1 plicsphzle
galackitol. formed by b reduction of galectpse, and kad o dire
canseguences for e individual, Shikiren whe have the disease fal
g fhrive, may vamit or bave darrhga affer deinking relk, and afyan
I | /| s, Tha s R

tha mantal retandaton and an early daath fram lver da

Glucisy & plicsphalo

phasphnglisnmidas

are wh prssile,
flest azes of galactpserma are cue fo a deficency of the galacioze-1-phosphate widyhd transferase snzyme and herce

h Indivdediia s cannol matahia AR digease & trasiad rifiing a aiose -drae SeT which cau all

e ke 7 - ] . This & extremely important since the bran
and -unlrthruqtm reky alm-:::l: eriunly an glun:u.z . 1h-nr energy source under novmed conditions. The Bver's store of
Alvecgen |g sufficsn (o suply e brain with ghacess far anly abou hall a day dusing fasting.

Thus ghiconeogeness i3 sspecislly important in penods of starvation or wigorows exercee. During starsatsan, the formation
of ghutoss wia guconeogeness particelarty wees aming acids from profein breakdown amd gyoered fram fat breakdaen,
Camring axercime, the blood ghacose leypls regquired for Brain and skefatal muscle lungbion are maintained by ghicnpogenesic
irt the hver using lectale produced by the muscle.  The man sit= of gluconecgensses 15 the lver, alihough it also ccours toa
Faer lagzer axtent in the ksdneys, Vary Bithe gluconsagennsis aocurs in brain o miscle,
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OPERONS

Control of Prokaryote Gene Expression

Genstic contral In prokarpotes = edercised both at the level ol transcription and o subsequert {post-
Trarscriptional) stapes of BEne expression. Coptred of gene saprescian in eukaryotic cells s, = "EhErEI, e
camplex than in prokardotic cells, and ineokaas & 'multilayered’ approesch in which diverse cantrol mechanisms sxert
their effects sl meltipls loyal

The initistion af transcription & regulaied prmarily ifoo negative fachion by the synthesis ol Trons-acting repressar
prateins, which bind to aperator sequaences upstream of profein coding segquences. Collections of metaballically-
related genes sre grouped together and coordinately controlled as ‘operond’ in this way, Transcriplan of thess
aperans typically produces a pohyostrons: mAMNA (multiple ORFwhidh encodes several different proteins.

Induction of The Lac Operon: |

Many protein-coding genes in bacteria # 0 F, ¥ &
are dustereed together in operons, wiich l
serve a5 tramscriptional wmits that are . e ]
eaardinately regulated _ \ T — __q:_ -
s  The structural genes incheding the St e
T A turs i e
adjacent . regulatory  elements . “‘_’_‘xu.n . —— r;:-"-rf-.m
form a functional genotic wnit Sewzafar Dl weoaescy
known as the Lac Dperon ::-. e prtiae
Nl S T Jiel RE) alt IF e [T L2 5T PN Lils 'l- Al hen Transiates FRELRILTITIE HLLL - [RE e

The existepde of & pofycistronic mRENA ensures that the amourts of all thres gene products are regulated
caordinataly, Transengtion accers from @ single promoter [Py, that lies upstream of these structural genes and
binds ANA palymerase  Howeves, sl present are @ operalod sive (D) between the prometar and the structural
geres, and a |ac] gere that codes far tha |ae repreaser protain.

The pares which reguiate the lscase metabalic enzymes incluse:

| lae Oppgsn ——————————=
|-— Mopulaney suenoes e | o Sinactural peies .
[
i | ¥ ]
Prormiset dim ,j Cyperatne (o ]I Mﬂw —
regubatory gene Froemisgir b Structiral gone forr [ abacivmads
Izl slrursmal w“ﬂ_. T p—“l“ﬂi-‘ itarmimarcty lioa-
Eegulatary prene Sirictarsd pene
111 csdios b fovr g ad s csmiche
TERHT =N [erurhici prTMSE

3 Structural genes | -
1, galectomdase {I] which hydrohbeees lactose to glucase and galactose
¥, galactoside pemease OF lactose permease ()it transports lactose into the o2l across the ooll membrane
4, transacetylase (&) the rode of this enpgme (s not clear
3 rogulatory olemants -
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Promoter: (Phtis acting element whess BRG palymerase bind to initiste rarscriptaon
Operator]0]; this is the cis acting alemeant present adjacent to promater where regressar bind to hinder
the mewament of AAA polymerase, And prevent transcription of structiiral genss
Repressor (I} 8y binding to the operator, the repressar prevents the infsation of transcription by the BNA,
polymerase.
They continually monitor and respond to ervironmaental conditians. In the cse of the genes regulating
tactosn metabobsm, the presence of lactose m the ervironment {media) & continually bring monstored
The repressor probein proves to be the key element in regulating the operon with respect to
ervironmental conditsons.
it has two functional stes:

o lactose hindmg site

o operator binding site
It repressar is bound to the operatos, the structural genes of the operan are not transcrbed. Whan
repressor protem B bound o the cperator, 1T physically blocks RNA polymerase from transcnbing the
atzacent genes,
If repressor is not bowend ko the operator, the structural genes of the ooonon il:!'glqﬂ:l'lhl;hd
when the repressar protein is bound to lsctoiesctually slislaciose), |[ 5 to the aperstar
The binding of kattase (o the repressar alless the conlarmalion Pekedrs o lhat it nolonger has s
high affinity for the operatar and  Lhe repressor can no z:a hu\_&!’ operalor region and Falls off
RMA polymerase can then bind 10 the promoter and I:r:|r'ﬂlﬁl';I i\mn\in»gm::. Thus when lactose is present
in the media the Lac Operon 5 ON and when La Lac Operon is off
Mormaly £, calf cesls make very little of Bl REP-froteins but when lactose is avadable it causes
a large and coordinated increase |n tha ai'nm et each enzy Thas each enpyme is o9 |ndistiblhe
enryme and the process is called Indl{ﬁu rnolecules of g Jactosidase inthe cell before indusction
carmert Lhe loclese Lo allolsctode tt then turns on 4 l-}l;:ﬁ' ol these three gepes in the loc

% i :

aperan. Thus a'llﬂ-l.uﬂr.lﬁ'-!-.__‘l ; JMAIIDIHELME i F—q]aadﬁﬁ_ﬁée imilas 1o lackose, |1 corsisis ol the
nd [-D-glucoss | ﬁ;d.l'bb\i"quﬁ a i 146 ghycosidic linkage.

monoiaccharides B-
1

Many protein-coding genes in bacteria are clustered together in aperans, which serve a5 Wwanscriptianal wnits
that are coordinately regulated

The Lag Bepresser;

The facl pene has it awn gramoter (Po) that binde RNA polymeracs and leads to transoription of e
represser mAMA and hence production of lac represser protein moramesrs

Four kentlcal rapresser monamers coma together o form the active vetramern, whlch can bind tighthy to
the dac operator site, Ok The Ouw sequence |5 palindromic. 1hat (s @ has the same DNA sequandca when
one strand 5 read 5' 10 3" and the complementary strand |5 read 5° to 3°

This symmetry of the operator site is matched I:1|r the symmetry of the represser tetramer.
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=  [urng induction, the mdier binds to the sepresses, This causes a change in conformaton of the
represser that greathy reduces its affininy for the dac operator sie. The lac represser now dissaciates from
the operator ste and allows the RNA palymerasa (already in place on the ad@cent pramoter site] to bagin
transsribing the facZ, Ieet and e A genes, This ylekls many coples of the polycistronic mANA and, after
translation, large amounts of all three enpgrmes,

s |finducer is removed, the lac represser rapidly binds to the fac operator site and transonptian is inhibited
almast enmediatehy,

= The facZ¥A A transeript ts very unstablbe and so degrades quickly such that further synithecs of the B
palactosilase, permease ard iransacetdase oepses

The Lac Oparon
Withowt inducer
i Py, tacd isc¥ fryr }
- ]
L LT e |
¥ Mo Tramscrplion
LOLELEE
‘With inducer
linoi Pa O lacd [P A
T
e | | Tomcrpoen
S— * 1 T ol mnii
wawna
S @& @&
[ ] » o [LE T Sretrpee e Frymraar Tramimriy e
» ‘Il #

CRPJCAP:

High-hp-'ﬂ:-l transcripticon aof the fac aperon reguires the presence of a spri;llh: acivalor protein called
catabolite activator protein (CAP), also called cAMP recaptor protein (CRP), This protein, which is 5
dimar, cannot bind to DMA unless it is complexed with 35" cyclic AMP (cAMP). The CRP-cAMEP compley
binds ta the lae promater just upetream fram the binding site for ANA polymerase. It increases the
binding of ANA polymerase and so sbmukages trismscription of the e operon;

Whether or not the CRP protedn is abde 19 bnd o the ive promoter depends an the carben source available 1o the
bactarium, When gliscass & present, £, ool does nol need (o ude laciose 55 a carbon source &nd 5o the lee speran
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does nol need 10 be active. Thus the systern has svohesd 10 be responsiee te plucode. Glucose inhibits adenylate
cyclate, the enzpme that synthesizes cAMP from ATP. Thus, in the presence of glecose the intracellular bevel of
cAMP falls, 5o CRP cannot bind to the loc promoter, and the foc operon B only weakly active {even in the
presence of lactose). When glucose = absent, adenyiate cyclzse is not inhibited, the level of intracellular cAfAP
rises and binds to CRP.

[ 7 Q0 COMSR Bens Nal B faf gpend i My W, N st O Ald

fach’ and foch genes are transoribed stronghe only i glucese @ absenl and laciose < present.

Lacicrii uibial .-__.-‘-

- ’
\\ ;___.-'
r
r i
-~
r

Bacterial danaily (Csis'mil)
g

Therss i}

i r [11iR
The tac operon is a gond epxample of negative contral [negative regulation] of gene expressian in that bound
represser provents transcription of the structural genes. Positive controd [positive regulation) of gene paxpressan is
when the regulatary protein kinds to OMA and ncreases the rate of transcnption, I this case the regulatory pratein
i5 called an acteeator. The CAPARP invobeed in regulating the loc operon 5 a goad example of an activater, Thus the
fac operon is subject to both negative and positive contred

¥ LAC Operon i an INDUCIBELE operonm  [ie eshibits negative contral). TS always afl and is tured on by an
inducer moleciuds (allolaclose]
B CATABOLIC REPRESSION...axs long as glucase s present LAC operan (4 OFF, even if allolactose is present gluccse
prevents the action of the LAC speren thraugh anothers regulator-like protein, the Catabolste Sctreator Protein or
CAP and DNA binding site - CAPF gens
P CAP is an aBlastenc protein, regulated by cOMP
when glucose is low - all the ATP s hydrolyred favoning hegh c&MF amounts cAMP-CAP conformation

can bind to CAF DMNA region - favors rapsd transompkian

whan glucosg is high - lots of ATP & little canip
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EF |5 homooyratropic; that is, it has an alfinity for calls {“cyoosrepic”] of the hosi spedes thar produced i
{“horp), This affinity & particularky strong Tor tEsue mast ells and bload basephils, Feation to these celly
arcufs via a ool membrans bound FopR (2., receatar for the Fo portion o the g chain nd igF} reacting weth the Fo
fragrseat [CH3and CHadomaing)

O camdaning with allergerds, g5 angibadies rigges the relepse of Fedl@ming and ather mediglion of glopc
diseass from the o=l

gl may also b= empartant o immunity to certain helmnthic parasitss.

Izt i unable 10 activate complament via the dassical patheay.

IgE hag a vasoular half-life of 2 to 3 days and is heat-labde ag 56°C

Padyictian: 8T i produced by B cells and plasmatails mothe spdean, in lymphaid tissge of the 1ans# snd adencds, pnd
in the resperatoey gnd gastrombesimal mucoss, BE doesy nol eross the placenty, [RE production begirs i The lelus sarly
I gestatiocn

5. tmmunogiobulin @ {IgD):-
It was first discovered in a patient developed maltiple myelcma. They haue serum concentrate of 30 pgfmi

[sppromimateky 3 ba 5 mpfdl]ard comtitute gl 2% of Fuman terum. They are presend et emassby an PO ef B-cells
Thew exai Tunclion = wunknowen. but probably they play B rale ) Antigen dependent B-cells différeniation e 8
elimmates B-czis which tan produce s=i reactive antibodies, (gl exists a3 3 monomer
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CHAPTER: 17 MONOCLONAL ANTIBODIES

An antibody progdeted by & vngle clone of cells (apssifcally, 8 single done of hybsndome oolls] and therefors & single
pare homogeneous type of antihody. Moradanal antibadies can be made in lage amounts in the Bboratery and are 3
carnersione of immunology. The term “monoclonal™ pertains 1o 3 @ngle done of cells, a single ceff and the progeny of
that cedl

Khihder and Milstein found 2 way to combing

® the unlimeted growth potentsal of mgetoma cells with

= the predoterrened anbbody speafioty of normnl i e s pleen gells
They did this by literally fusing myeloma cells with anbbadyg-wecreting cefs from an immunifed mouse. The techmoue i3
called somatic cefl hybridization. The result s o hybridoma

Mix the fallowing spleen cells From & mouse that has heen immanized with the desired antigen with rmyaloma cells
Lizg an apent T2 Fapilicate fusion of adacent plasma memdranes like PEG, Even 5o, T sucosss fane is 5o 9w That There
et b gy Lo sedesct for the rare sustcessful Pussons,
So, wae myeloma cells that hawe:
= bagd Che abibly 10 snibeiie biponanthine-puanma-pheipharibasyliraniferaie (HOGPRT]
Thiz endyme enabies talls Do synthesioe pusines usng an exbracellujar osirce of hypoxanthine as 3 precuesor,
Cdinarily, the abserice of HGPAT 1= not o problem for the cell because cells have an altermate prifiway that they can
L=e o synthesoe purmes
Howeowor, wher celis ane exposed to envmaphen o follc ocid anslag), they ove enohie fo wse Ehis ofher pothwop and
o mow ity dnpe ndend oo HGPAT for sdrvivarl,
#  lost the abilty to synthesize any amtibody moleoules of their own {50 25 not to praduce a bybndoma praducing
two ldnds of antibody malroakesh

L. Thi firss propary & explaited by transfarring the cell fusion mistune to a culture medaim - called HAT madium
bease 0 contivg:

s hypoxanthine

®  aminogbern

& Che pyiemiding thymidog
The logic:

s Liritused e lema cells canpat grow hacauss they lack HGPRT,

#  Unheed normal spleen cells cannot gros indefinibely because of their imited e span. Howewer,

& Hybsidama callg [oraducsd by siazcesstul N!ll}r'lﬂ #e 3kl 1o grow indetinicaly hecauss the Aplaen cell partaer

cuppEias BEPET and the myalisna parins s immartal

A
=
/ u.-uh-a un
hpdeEn il
Fumion
¥ l.iumuren
Bl & {-_.' Y ARAT i
e ':. = | Biesteach
1. Chmne earh 0 ) | epernatant
H'Ilhlll:::-u ‘“'—It——"l for antiliadses
o = e ——
ol r"1 [elelels ‘4I-H|ml-
34 & ' l L o _——
2000 0@ 0 Q0 twauseie
*Lmﬂmm“
(I ENTH
k"‘fk'lm::"*
.-m_-l
Blarvesd monay fenal angihodsey
2. Teest the supernatpnts Fraim eaih Culfufe 0o fnd P prpduting thhe dasirel artifody
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1. Because the ongnsl culiures may have been starmed with maora thar ane Fviord eena cpld, you mast now isolate smgle
el frgem mach anfibody-postive cullure #nd subeulture (hem
d. fgain, test mach supernafant for the desired antibodies. Each posifive subculture having been sarted fram a single
pell = represents a flone and its antihodies are monodonal. That is, each cubtore secretes a single-kind of arnbbady
malecule directed against a singfe deberminant an a preselected antigen
5. Scake up the sve of the cuthures of the surcesful dones
Higlericaiva Culliomes cam b maer e indalinibay

#® b vitng; that s, in culture vesses, The yinld rens from 10:60 ggiml.

* o wive; e, groweng ;momice. Here the anbibody conceriration in the ssrum ard cther body Puids can reach 1-10

mgiml. are ini i it

| o "L 1 v 1 W L e R

state of amy reactan the antigen might undergo. If the fmmunogen were a {ransibon State or 2 trarsibon-siate
analague, however, antibodies sheuld catalyza the appropriate reaction. i this ware the case, @ shauld be pessible 10
ke e bilicckees Witk Catalyiel AeTivity Lo oeder,

Ponpelone snlibodes diredied agarsl wanous. ransition-aate analogues beve Been fourgl W have some f (he
expecked catabytic activites and specfioties Such artbodses have mary of the characteristics af enrymes in thet 1hey
accelerate reactiors up to 10°odd aver the moncatalyred rate, show commparable suhstrate specidioties, exhibit a
Michaelis K values for substrates, and are subject o competitive inhibition. The cataltic actraties of the anbbodees
generated thus far ane still lower than of natural ensymies, howswer, probably as @ result of defickencies in tha way the
analogues mimic the true transiticn states,

Cither approaches can be Caken 1o penerate catalylie antibodies, Bisabstrate inkibilord can pepsfale anbbodes thal
bemd the $wio indracual substrates and enhance reaction betaeen them smply due ta their proemrty in the antibocy
camdbining. sites. Heactive groups can be generated in combsming sites by using the appropriate mmunoger. ay
mritatian of the artbody gere, ar by chemical madificatan of the anbbodes.
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[ CHAPTER: 18 ANTIGEN-ANTIBODY INTERACTIONS

L i ATRO ANTHSEN-ANTIBODY REACTIONS (2., serclogic reactions) prowide methods for the diagnoss of diseaze
and for the identitication and quantitation of antigens and antibodies.

B, The ther, or ks, o Ftinedy in gerum can e megsured by Jging knewrr antigens, and sch 9evs can be of
diagraitic and progoostic imaoftance (B g, 4 nee in shtibbody Lilsd belween boule ahd convaledcen] sefum cen be
dragrosic far a specific diseass]. The titer af an antizerum usually i3 obfained by detesrmining the preatest déution of
serum that reacts with the antigen.

B. The forces mvnlved in antigen-antibody Interactions are profoundly afiocted by varlous environmental factors. The
angigat-antibady complay & ot Bound Biemly Dogather, &8 may even  dissociale sposdangougly, Hiowewer, Tha
mopuilibriurm @ Tar Lo thee right, with 8 sery large dssacation canstant (Kd] of 10 10 10°%

L. Phgsdaligic pH and sl concenbiation gromote apbmal anicn, Fordes of atlrsction Lend Lo e weaker in very aidhe
[Le., bedow pH 400 and alkafine [Le, above pH 1000} canditions. Mgh salt conoentrabons alsa tan inkebit the mteraction
beetwseesn an antigen and its homologous antibody.

2. Tempsratung 850 plays an impomant roée; The higher the temperatuna {up 10 & maemum. of S1°-55"C), the mor
raphd & the rate of reaction, Thes & dus fo he ncrease n Kinatic motios of the reactants

The maoomwmn altractwe Farces stabilzing

antiger-antibady :-:In'nl-:r:n.-s are Van der '.I'i'.:d:. forces :lnd janac bonds
Wan der Waals forces orcur berause of soatiad fit. These ferces hald antgen to anb@ody when the tea molecules have
ramalamentary shapes. Wnan the molecules have keis similar shapes, thess forces are loss effective

2. lomic Bomsds (alio falled cosdlambic “l}fl:ﬂ'i:l are patterng ol complemantary elecrical charge an the mdecule, The
elecimastatie inleractions tend 1a holkd the maleoales together

D._Affipsty, The strength of the attrattion between a single =pitops and s matching paratope {the antigen-bimding =
on the anbibody molecule) is referred to as the alfmity of the reaction between the two reactants. Antigen-antibady
cammleres of low affiniky dissociate readily.

E. fowbdity, relars Lo the :I.r:nul:h al the |rllierul‘:|ll:u1 Beraesan riulCivalant url'hgerla pnd the populybon of snlibides Gal
Lhey Free anduiced, fyig ey Ty L]

antigen. and the yalence of the gatibodies.

F. Stsdllog using sywithetic polypeptides hawe shown that only thosa amino acids that ane spatially accesseble bocause
of tartiary protein structure are [mmanorea cties.

1. Proteins can =it & globuler or fibraus proteing or misures of Both; e natuee ol the sirucure s imponant

2 The hility ol anfibody to basd Lo antigenee §iles can be pflacted By altermi the Lefl=asy fuciuie,

a. Trie antigenic sitey ther would no longer be spatially aranged insuch a way that sntibody-anisgen couphng could
CeCCAIT,

| F Fnabeiulies an iMustratl
Finsulin is IZ{II'I'IIII:IS-E'ﬂ al & argl B chairs, Sntibody 10 sithey one of these chans can be produced By splitisg
the chens, pusifyng thern, gnd injecling them inlo a locmgn bast (e g, & pigl. The bost pradutes antibody 1o
the particular chsen that was injected
Wif the host's (i.e., the pig's) antbodies are inpected back mta the animad species that supplied the arignal
insailin [0, man ], the astdniocers will pet react with intaet insulin molacules
B Thi fertany structurs of native msule & such that the apatapas on the & and B dhaing are nat accessibhs

G. The physical state af the artdpen » respoedible, m gersecsl, Tor the identfication al arlgen-aaliody reactions snd
the maming of antibodies. The same antibody malecuale could, in fact, be described by =ach af 1he folfoeeng tenme.

1. Agglutinims are antibodies that aggregate cellufar antigens.

2- Lysims are antibodies that ceuse daspluton of rell mombranes.

3. Preciplting sre antdhocias that form precipitates with soduble antigens

4. Antitoxins @ antibodies that neutradad Toms,

PRECIPITATION REACTIONS
¥ The mteraction beteeeen an antibody and 3 saluble antigen in acuecus solution foems a lattice that eventually
tevelons inta 2 wisble precpitate. Antbooses that thus aggregate solutle antigens ane called prec pitins:
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FThe prediprag ceveiops @i meghbonng antibody molecules withn the Gamice form anio bonds with gach other,
Eiusing the laftice (o hode L {hange dnd thos become msalulbie
Formatsan of an Ag-hb leifics depends on Ehe valency of bath the sntibody 2nd antigen:
®  The antibody reict be Becalent; s precpitate will nog form sk moncsalant Fal Fragments,
+ The antigen must ither be bivalent or polywalens; that s, it must have at least two copies of the sama
enitope, ar have different epitopes that resct with different antibocdses present in polvclonal antisera.

P Ieaki -
= 3] Polyclomal antibodies can form [attices, or farge aggregates, that precipitate owt of soiution
However, If cach antigen molecule contains only 2 single cpitope recagnized by & gleen manodonal
antibady, the antibody can link anly twen malacules of antigen and na preciaitate = formail
s [b} A precipftation curee for 3 system of cne antigen amd s antébodies. This piot of the amount o
antibody precpnated versus moreasng antigen concentrations (at constant tatal antbody) reveals thren
rones: & pome of arfibody excess, in whech prec peation s enhibined and setiody rot bound 10 @nTigen e
b defectedd = the sLuparnatant, an equialernce Jone of magimal gracitation @ whkeeh antibody anel
aniigers Tarm large imschsle compledes and raither antbedy nor angipen can e detected in the
wpernatant; and a 2one of anktigen excess in which precipitation = inhibfed and artigen fof boursd 1@
antibody can be detected in the supematant,
dyrgeandy i i
FOH YT LY aTCTINERI i i
i 1 ! |
Mgl { g : |
Pate. | |
i, | |
7 | |
= ‘_b%\ |
=a !._: i
'} 5 i
o :
E
NETHCH 140000 am TIREDY {
[ie
(> £
h b .
e _,Pi:{:j ¥
) % &
= 3=}
D- f
L'_jn Increasing Antigen -
PRECIFITATION REACTRONS I FLUIDS

FA quarhtatiee precaitabon reaction can be performed by placing 2 constant amount of antibady ina series of tubes
andd adding incrgssing @mounts of antigen to the ubes Alter the precipetate Torms, @ach pabe is centrifuged 1o paellet
Lhe pregipiiate, the supermalant & poured oI, ard Lhe ampunt of precpitae is mepsered,

P Plotting the amownt of precipitate against moreasing antigen concentrations yields 2 proopimn curee. Excess of ether
antibody or antigen interferes with maximal precipaation, which octurs i the so-called equealerce mane, when tha
Fabi o antiboely 10 antigen 15 cgtimal. As 3 large mulsnodeduwlar latt<a s formed at aguivalenog, the Comphen ingraasas
I gire and precipraras out of solutice,

Pin the regian al entibedy epcess, enreacted antibady s Teand in She sugernalant alang with small saluble momplesss
cansstng of multiple molecules of antibody bound to a single molecule of antigen

Win the region of antigen exoess, uneacted antigen can be detected and small compliex ane agaon ohserved, this tme
cansstng of ang or two melecules af artigen bound 1o & single maleculs af antdody

mElHTATIﬂH REACTIONS IN EEE

EADIAL IMMUNQDIFELFSI0N [MANCING BAETHOD)

¥ The rolathes concentratians of an antigen can be determined by a simple guantiative assay in which an antigen
sample is placed in @ well and aliewed to ddffuse Into agar contening a suitable dilution of an antserum. &s the antsgen
diffuses inke the agar, the megion of aounvalence is estabdished and & ring of precipitation farms anoung the well. The
area od the procipitn ring ls proporticnal ta the cancontraton af antigen.
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CHAPTER: 11

PATTERNING AND MORPHOGENESIS IN LIMB DEVELOPMENT

Limb organizing conters

Thir limb b Three argareong cenlers - The agical ectodermal ridge CAER], the teme of polanemeg aciwly (EPA) pnd Lhe
dorial ecladerm- Lhat help o patleds the progemodstal, anferopasieics dl doraveniral Breb ases, repectively, As well
a% parerping the anes, thess argamaens also ieleract with @ach other tamaintain kel cutgrowth.

ecilyi he proximodistal 5

Tha progemo-distal livd ae pimevges prograssively as mesanchyme cells dirog auk af the progress pona and diflerentiste

Thi typs ot structura farmaed by thesa ﬂanrnnl:Lanng: cedls may depend on the amount of Tims they havl spent in the

progress one, and hence the number of division opces they have undergone inresponse to signaling from the AER.

Thio anteroposierior b amns s specified by l:hn:- one af polarining activey in the postersar mesenchyrne, as gpraftey this

regrom 1o the arterior side of the i bud can mduce duplhication andrmoror image reveszal of the aes, The secreted

prodein Sonic bedgehog can dabatiute B the activily of Be IP8 and appess 16 o in b dode-dependent manner 16 spedily

e Tates aof apderopaslbenc drechotes, such a3 the difTerant digits of the hand

Positional values along the proximodistal and anteroposterior axes

Aonp both the arberopoiterior and :m:ll.u-l»:ldul:n!lrrlh anes, ke 5 Fowd amd MoxD penps are sspressed inooverlappong
temierdng ptemnt These Hav geiies gl i imacibenl @ok o The megicnel spedifcaten of difsseni skelalsl slements

laang thie Dans aieees, oo garse kindckouls case the deletion or respecfcation of partisular lmb shricteas

Thie dorsowendral A axis is *;::m;n'p:d Iy the secretnd protein W73, which is synthosized in the dorsal eoedenm, This

actrvates a branscriphion faowr clled Ll inthe dorsal mesenchyme. The inachyatan of eiber gene genesates hivesiral

limbs, while pyeresprassion throughout the limé gererates bidorsaflirmbs.

Interaction and dependence in axis pattering

There & & Sgrificant interachon and lrltl:rdcp-m:lenc-: belaeen the three signaling potireays. The ALR 11 maintained by
Sanic kesclgehog secreted by 1he IPA The manienance Gf the P8 5 dependent an beth FGFS secreted by the AER arsd
wing7a secneted by the dasssl actoderm. Furthermors, FGFS secrated by The AFR are required in adddion g Soms hedgehog

i 2

10 ertablen th mesied pattarm of HoxD gors exprosson aong The arteropastanar axi.

ther pattermning Inffusnces

Thare is avidande That the limb & pre-patiemsd befare the inductionoal the three signaling cermers, &5 the alizsace ol fhe
AZR and ZP& in cartan muitanTs doss not prevent the reginonalized expressian aof asymmetrically axgressad genes, such as

=

T—]

]
|
1
H
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thoie of the Hoald cluiter. Furthermore, thene o evidence that the b bes dignificact sell-organinng abdity, as shown by
e sleveiopresn] of recognerale dgts in disappregated and fecamboryed Tmb by

iMorphogenesis in the limb

d

Thi lires ﬂruulv.m::!rl.he limbs depencs lirgily sin the regulatan of e death, :un-l:uﬂed by 1 oppaosinug s Laabees of BRIPS
|which prosnote apogitasis) and BAER antagonists [which inkild it} Cermplemantary patiers of ARAPs and thair antaganists
ard ERan v the limb, markieg the interdigital and internal recrotic Jones thal separate (he dighs anzl tha twa Banes of the
1eugopodium, and the postions where |pints will form

l Thy vertebrate Hox gones

]

vestabrate genomes cantaln foor capies of the Drosoohila homeotic coreles, decipnated Hom-b, Hax:B, Hok-C and HoowD
Arhough there ane sipnificant differences between the vertehrate and fly complexes, the simidarites are remarkabla. The
same types of homechaor gere are present, afoeang clessification mio 13 ograte growas (paralegous subgroups] based on
homeobos structure Furthes more, the genies are arranged in more o less the same order along the chromosome and are
Eapmadapd o a smiler marner, vl the mpit Fopenes sxpresssd in the mast antersr domaing sod the mosl 5 geres
Fwe sl postenicr dompms Smce the divengence of Drosophela and verebeates, the Ny BOM-C Bas been split mlo Y
Suls e bereas, - whilst The verfebrate Clushar has wadengone & 5° end expansion and has been duplicated in s entirely to
penprate four complokes, Each of the four comploees has sufforod mdinsdual losses, which may be different botwoon
Lpackes. Fod instanen, the hatchod bawes in the aboye figure represent Hoe-C gones prosent in humans bor mesing in micn

B The similarty between the Crosaphila ard vertsbrade homeobos-conddiming: geres, in termns of both siructurs and
expressian patberns isskrang evidence fora conserved function. This has been confirmed by the vse of doned human HOK
g=ney to redcue Orosoghila hameodic mutants, ard targeted dosuptions of mouse e penes do mdeed fenerate partisd
homeahe ransformalions - Delelan af the Hoec-8 gene, For mstarce, fesalty in Wanslermation of lenbar vertebras ints
werfebrag with & rare anterior charmcleriste {in ths ease, & theroe verefns, camplate wsth f rl). The Paralogeny Hox
Benes appsar to hinse averlappeg bul sonideetica functicas ead may coaparkte with each atber it cemtain cases, Individual
pena knock-puts of ganes m paralogous subgrous 3, far instance, cause ddferent fypes of dsturbancas to the structures of
the neck, but when combsned inthe sme mowsse, sewere defects ane observed ancluding missing vertebmae.
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CHAPTER: 12

REGENERATION

Regeneration is of three typas:

1. a meration

There & a corstard loss of many Rinds of calls due to wear ared tear caused by day o day actwvibes The replacement of
Frege gally iy kadsen as physislogical ragenginlion

[xarmple:

eaReplacernant of FLE.Cs

The wirn ol B BCS e degoiled in the splesny gnd miew BB Cs regidary prodiced Fram the bone marrow oslls, snde the
|ife span of LBE.L's s anly 120days.

=rReplacerment of Epudernal Cells of the Shin

The calls from the citer laysrs of =spidermiz are regularky peeled off by wear and tear, Thess gre consantly beng replaced
by new cells added by the malpighian Layer of the sin

2, Reparative Regeneration

This is 1k reacerment of 1631 pars of repair of demaged Body organs In fhis Tppe oF regeseration, woursd i repaired ar
tesed By fhe axpansion of the adjoimeng epad=nmis over the woond,

Eaarnmle)

R epenetElicn al limks o splamanders

exRepeneraticn of Ioat tall in lizard

chiigaling of swaund

EReplacerment of damaged cells

3. Autatomy

In sama aremals libe stafish, soma part of the body is broken off on being threatenaed by a predator. This ahamamanon of
sell-mutilaban of the body = called autolamy

Example:

e Crals hreak off thair leg on approaching af the ansrry

exidalathurians throw aff thes internal wecers

exstarfish becaks off an arm

Regenerative capasity in Animal Groug

The apaciy of regeneration varies in it extent im various animl groups. Rogenerative @pacity s-wery high amaong the
Profodapn, dpenges geel cosanieroi.
Invertobeates
= nospanges, Tee anfing bosly can ba racanscrocad rgem isglated Dody celbs Tha celly FRATTENES ANl FeQrgarda 10
farm bilapered sponge bosly wall.

# Intydra amd plamaria, smzh fragments of the body can grve nze (o2 whole animal. Whnen a bydra or 2 pglarana s
et inTo many paades, pach irelviduzl part regereates inte @ whaln ndivigdual
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F  Spme annelids Boe earthworms e able to repenerste some segments remayved from the anbenor ardd posbenor
enas af th body:
= Sorse moBuscy can reganerali oy the gyes ared hieads while dgeids can alio regssercate their aomi,

* Wﬁ

g gl " T

¥

Kany arthropocs {e.g., spidess, crustaceans, nsect lanme, oto) can regenerate lmbs only. Regeneration & faster in

Lhe ywoung than in the edulls, Regenerabed garl gy nol alweys be smbar b e part losl This byae al regenerabiom

15 talled heteromarphoss.,

Echunaderies (Hes starfisk, Bwitle star, soa [0 eahilt autatamy, Thay cai regenerate arms ard parts of e body

Vertebratos

Fishas: Lamprey cam reganstate a% ost tal Some fishes have the abimy to regensrats parts of its fins

= Amphibians; The regenecation power is well morked in urodel armphibacs ke salamanders, newts and thair
aiotall lareae. They an regenerate limbs, tad, esternal gills, jaws, parts of eye bke dens and retina. Tail and limb
repenoration & fouwed in tha larvad stages of Irogs and toads

#  Reptiles; Lizards swhibid autotoeny. Whean threatered, the Frard detsches b bl mesr the bade to confuse (B
prodator and later regenerates a now tail. The new taill differs from the old ome ;n is shape, abhsenoe of wertebrae
and the kind of s{ales coreering il
Birds: Regeneration is restricted ta parts of the beak.
Mammals: Regenevation & resbiciad to fissuss ooy, Dilemal parts are nol regerssated. SRin and shalaral tizuas
prriings presl power of regeneralion. The lver hay Uhe masmum ceppcily of regereration IF ane bdney (5
damaged or removed, the other enlarges to compensate the lost kidney This is called 33 compensatary
Ippmriraphy,

= Regeneration is am usuad form of asexnzsd reproduction in several lower groups of ansmals.

LA

.

1. The first meechasniam snodims the dediTerentiation of sdull stroctures of Toem sn undflerentinled mais of cells that then
hecames respecified This tyoo of regeneration s calied epimorphasis and is characteristic of regenerating iimbs: 2. The
sscand meharssm & called marphalasis Here, regensvalion acours thrgugh the re-patierving al exisning Tigsses, and
trere i |itHe new growth. Such regenerstion o seen in hydras,

3. A third type of regemeration & an intermediate type, and can be through of as compersatary reganesation. Here, e
pells dende, But masitien thes dlTerentiobed Tuncions. They prodece cells sirsbar b themsebes and de sol Torm & mass of
unddferentiat=d tizsue. This type of regeneration s characierisfic of the mammalian liver.

1. Epimorphosis:

In confrast to marphallacs, epimarphosis requises active cellular proliferation prior to the replacemens of the bost Body
part,
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m Phninarr. which are flatwormes, rn,gnnuribt = dr.-:lll’!umml:lun ||1n'epmdmr rn-n:hinl:m in r.m:h
preassling stem el known ad reahlasts, begin 1o prolilecate ard migrete Lo the mjured Site e espands g inpey

Thase calls then form a mass of proliferating cells, known as the regeneration blastema, that wiil later differantiate mto
the specinlined colls that comprise the fégenerabid dbricune

Mast tissue regeneration in mammais dto befiongs o the decfferentigban-sndependend subdass for evample, mammals
LT a1g thioi o, o, apichelia of the siin ard gut, bl ani § mevirans by activating presisting st

cells or progembr cells

Wertebrate Bmb rogonsration involves cell dediffanestiation and groaih.

Begenaration of o Umh of 2 Sewt

‘Wwher an adult salamarder bmb s amputated, the remairong cells are able to recomstruct a complete bmb, with 2l its
diferentsded cells mranged i The proper cided, In aibed words, The new Lelly conbiicd crly bhe messng Sl bures and nd
more. For examiple, when a wrist s amputated, the salsmander farms 2 new wnst and maot g new elbow.

FEpoan i ampaitation, & pliEesma oot foemd, dnd within B to 12 bours, epedermal cells Tromm Che remainimg sluemp megrate
to cower the wound surface, forming the wouand epldenmis. This sngle-layered structure & requined for the regeneration of
g fireil, amd o proliferates 10 form the spical ectadermal cap. Thus, in contrast 10 wewsd healing in mammals, no scar
foimns, and the dermis does not move with the epedesrmis to cover the =te of amputabon, The nerves mnervating the bmb
degenerate for a short distance proaimal to the plane of amautation

exfumng the next 4 days, the cedls beneath jhe developing cop undergo 2 dramabe deddferenbation: bome o=lls, carlilage
ralle, Nibeoblasts, myacytes, and newral cells lose thalr diferemtatod charactavistics ardl hacoena dotachad from ong
pnither The formerly well-spuctured limb region b the ool edge of the stomg thas Farms a proliferabmg mass al
indistinguishable, dedifferentiated cells just bereath the aoical ectodesmal cap. This dedifferentiated cell mass & calied the
rapenaration blasterma. These cells will Condinge 10 gralferate, angd wall aventually reififlarentiate (o form the rees
structures of the imi

=The oreabnon of The bl depends updn the Tafmatsn of simghe, moranucleted olls )l & probabie thal the
macrophages that are relzased into the wound site secrete metalio-protemases that digest the extracelular matrices
hcidieg epithelial 2alls tagether The prolaration al the salamander Bmmb ragermratiog Hastama is dependent on the
presence of nersei. i menimuem number of nerve Bbers mudt bBe present for regenerafion bo fake place. It & thought shat
thie neurons release mmitcees sfimalating factors thak inorease the profiferation of the blaskema cells

Gl powth factor [GGF) = knoan o be produced by newd newral cefls, 15 present o the blastema, and 15 lo2f upon
denervation. Whan this peptics s added 1o & denervated blastema, tha mitotically arrested colls are kb 1o divide agan
A fibreblast prowth factar may gf=o be swvabved FGFS infused ko densryaled Bloslemas sre able Lo restare miboss,
Aoty Impartant newsal agent necessary far cell opcling i transderrin, an sronctranspont protein that s necessany for
iitasis e all divsding cells Jsince plbomucleotide reductase; The rata-linitng enayims af DNA synthess, reguiies & e ign
in s active sl When a hindimib & s=vered, the doatic nerye transports transfernn dlong the ason and relseses brge
quantities of this protes into the blasterna. Meurad extracts and transferrin are both abée to stimulate cefl dhason in
deneryabed] lnbs, and thalalion of Fefic ioed Irem & neoral exlidst aBolishes i mikohid adtivily regeneialicn Blasiema
resemblas im many ways the progress zone of the develaping limb.

The dorsad-ventrad and anterior-postencd akes betwaer Che stumg arel the repenprating tssue ane cansarved, and
iellular arel moleculis studies haye confirmed that the patterreng mechanisend of develogrg and repenersting mbs are
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Obliguee Muscles:

e Theaoe extrinse museles origingte in the mid-ventral line of the bady wall and are insered dorsally
and ventrally onto the parapodium.

n Typucally, there are Do pairs of these muscles in each segment, one pair anterior and one posteriar.

e These are soarranged that they affect the anterior and posterior beat of parapodium

e Moreswer, canteaction of these muscles cauce retraction of parapodia

intrinsle Muscies:

® Intmnsic protractar and relractor mascles sre responsible for the protrusian znd withdrawal of the
chastae bundles aind their suppartang peicula

»  Hresides these muscles, there are well developed acicufar muscles that rereain attached ta the inner

.l

= The parapgadium in Neanthes i clearty guite versatibe inits ﬂ'knff}*'.ﬂ'g'ﬁflﬁ' 7
e The development of axtringie and intrinse musml.a‘t.uﬁ'{'e.ré.—ﬁui&a*. A byppe 2F 17 cvsmsnt o wiich,
a5 in arthropods, 3 balanced system nfart:ﬁeﬂl_‘;{rs{m'ﬁﬁﬂ mperet? upor 3 hedrastatic skeleton

®  Thess propesties of musoalatie-e o J‘-J-,I: ||_a'[‘||.'u.tra'_.n-|'lu suintegral=d tha. Lenaales Neanithes ta enjoy
diverse habitats efd WA A

—

.-".'

end af the acicula and mserted into the parapodial wall "._

]
5 || -

_ ,-a-tlll:.. CDC‘;FDEIE';!_I.DjH:i':?& Help of Wings: I
.F' F II--'.'. .- NE _.'_I:-:_l ] -

Cochi qghh LF;N-EIIH =L drieiicd s, !.J.-rhlf"l,} hﬁqﬂl ins2LL, Sre fast runners. Their abadity o walk rather than
un :‘|I'|_...|"-.I b apic by s 1e3acded ﬁsu._’lﬂ-j%ej“ﬂ‘;}ﬂ: teechanism. They rarely resart W Night and can Ny for a
shart 3aratlonalta the help of hindwaips-

Descriptinn of Wings:

s |neockrosches, the wings are modification of ssoskelston.

# In . amencana, two pairs of reddish brown coloured wings are

present; ane pair sitiated on the meosethorax and the other pair on the

metathoras.

= The wings reach up 1o the tp of the abdomen in the fernales and a

littla beyand it in the males

e The leathery mesothoracle forewings are not used im flight bul serve

to protect the hind wings at rest.

* They are hence called wing cover or tegmina or elytra. The hind

wings are thin, membranows, transparent and delicate, and used in

flight.

s Eachwing is composed of bwo membranous layers aof cuticle enclosing

tubular trachese. The chilin Lhickens aroomd the trachaas znd

haemocsalams space bo farm perdued of veins.

s Thesa veins form effectren supporting skeletal rods far the wings .

#  In the mesathors, the scutem on each side bears one anterior and one pesterior ta0- gal process for
the articulation of the forewings.

& I rmetathorsx, similar structures are slos present on the lateral side of the seuturn for the articulatien
of the hind wirgs

*  In wackroaches, direct musdes inseried on the basal sclecites of the wings are responsible mainly for

the tilting or feathering of Lhe wings.
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»  In males, the wing muscles are opagque and gink but in femabes, these muesdles are hyaline and white.

Clreulathon in Wings:

s The haemaolymph flows between the tracheae and the wall of the wens,

= [tenters the wing by the costa as a rule and returns to the body by the posterior margin, fellowing a
fairly constant path along the largest chanmels in the wing

= This cireilation is necessany Tor the narmal selerotization of the wing and far realntainmg the wings m
& heaithy condition,

»  The paris of wing deprived of droulating haemolymph become dry, brittle and may often crack away.

= Muscles:- The musscles of wing fall fo two classes;

(|} Direct rrescles.

i) Indirect musches. f_
o |

Direct Muscles:- Theis muscles are irgerbed inla Lhe base nf,ﬂj;n‘dﬁ Qjﬁrﬁ 3_',’.':!4 5.|. szlarsclerites which ara

cofmected 1o the adllargseleriteshy lEarmants {i'u! 1 Iai' é.d-:;?ruhﬁ'é tha-a: sadtein the difect wing

auscles: At

_—_, | 25
These are of three Pppes, \ \ Ii-."'..
{1} Flexpr musche a.r|5ul1 H'Irtﬁ-:'l rr'lnrl worten ris the H:[En'l an lare srlrvite [flexes the wing backward)|

{iiy Basalar E:-:te %Lﬂfcles, arlse faz 4l q stemia -and coxpare inserted inta the
I:-aiah'ﬂ' I"" n:-r e w 1Ff’:-ﬂ||"'.:ﬂ m.:.n.

fiii) & dﬂ“ﬂrﬁﬁuhwr diting Llln'Z]:'IJ;-,l"lTii.ll.'l.l '.'ﬂiq_,-b'f Ed. inlo 'IhE subakar These muscles extend and degpres
the L.llhhs. "|.LI'I.I --"'-
Indirect muscles -Thewe are . |:||r-.-rt|l|l assaciated with the wings, but mowe the wings as a result of the
distortivra ol 'z Liey prozues in the shage of the thorax.
These are n” thre2 mepses |
1. Dorsodongitudinal musdles runs dorsally and longitudinally  between the mesothoras and
matathorax,
1, Dorsowentral/Tergostemnal muscles run dorosoventrally between tergum and stermum from post
phragrna.
3, Obligue dorsal muscles are wall doveloped onby in Dipters and Cloadidas but absent aftogether,
often small in others,
Mechanism of Flight:

imcackroaches, the two palr of wings beat independentty of each
othar, but the hind wings operate in the air turbulence created
by the forewings.

During flight, each hind wing articulates with the edge of the tar-
guim, bul ils mner end rests on a dorsal pledaral process which act
s & fulerum

= Lipward movement of the wings results indirectly from the
contraction of wvertical musdes within the thorar, depressing
Thee Lergurn

s [Dipemward movement of the wings i produced directhy, by
contraction of musces attached to the wing base.
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»  Thus, the Mlight of cockroach i direct. Howswver, during flight, up and dewn movement alane & not
sufficient for faght,

n  The wings must at the same time be moved forward and backeward. During a compéete cycleof a
simgle beat, wings are hald at different angles to provide bath i and farward thrust.

#  This insect can alss achsaye lift by rmismg and lowenng wing weins, thereby changing the wing shapsa
or contour,

= Tha ralsing oo lowering of the wings results from the contraction of direct flight muscles attached o
the basa of wings.

o h ey slight decrease i rmuscle length during contraction can bring sboul & karge mavement of the
wirgs, The elastic nature of the theracic skeleton and the points of wing articulation also cantrifbute
ta thie beat motion

Contral of Flight: o

In cockroaches, there is no flight control centre an the nervows s'-Et"" i “'I}
the ante head and wide contindal feed p it
onthea nnae, head and wings provede co inua l?’L \ﬁ,q' ; _ﬁ 1 J‘_tl.'- 1"

I Cﬂ‘l{t]ﬂttﬂi‘l_.lf‘l—ﬂlﬁl' I

e Thefoob of Pila he'es Ir rpﬁ:?:n,!ln-:ldln:-n ’I‘—Tefat zole ufthe(fp 1 a2lps Mlla ko nowe we ey slealy biy creeping

on tha s.Lt-stfaK i"§ '-,"f "L -."'u,'-

|.':-.lr 'f_!;é‘_l;?érrm Lhe ‘wul s pratr Jl.‘h;J- {Iﬁ:up{xﬂpﬁn iing af the shell and this extension is Brought
'abr.-}b« e sl it v’ ur;t%-': it i}'»"

TI‘II"',E;LI il e i rhe rrrn.'ll'_'.i'#ﬁ:'!u.hx_. a slimy secreteon that helps the animal to glide on dry surface,

=
.;:_J_.l?ld LENSOrY recepiors
ehil varilrial

= [hefoot s proeded woth vertical, longitudinal and transverse muscles

m [arog lucwsiotian the wisree-like contractions on its surface are prodwced by the contraction of The

wierlical muscles.

s The contraction of the franswerse muscles dnves the Bood Fonward which causes the extension of the
foot in Front. During this process the longitudinal muscles contract to pull the postenar end of the foot
Forrard,

I Echinoderms I

Echinodarms or star fishes belong to a well characterized
phylurn I which  hydrestatic primcipée has ewolved
periectly for locpmotion and feeding

The principles mualved in the e of whe feet for
lpcaomtion and prey capturing have been well studied
i Adtering. A pecufiar hydrostatic pressure mechanism
i Found s start Tishes, which 15 known a8 waler vascslar
o Ambulaceal systerm, used far locomotion and pray
capturing. This  syitem s composed of follewing
structures
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{a) Madreponite : It is a rounded, thick and sieve lske calcareous plate, which is situated on the aboral surface
an the central dec of star fishes, 11 possesses numerpus fine radiating furrows hong more or less 250 small
bores ard pach pore keads into a small pore canal. 88 the pore canals unite to from lacger collecting canal
within the madreporite. 4l the collecting canats finally lead into a sac fike ampulla befow the madreponite.
The ampulls is contmmnued inlo & sbons canal.

(b} Stone canal : This canal = akso known on madregonie canal, which s a 5. shaped tube ke strsciure which
opens into ring camal on the oral side. The wall of stone canal is supporied by a series of calcaneous fings, ta
provide I8 strangth, henca @ is known as stone canal. The cells lining the stone canal are providad by ciba or
flagelia which create water current to drasy water i it inthe beginning or imwoung star fishes the stona canal
is a simple tube but later an, Ten sprally caibed lamellar develop within its lumen

{c) Ring canal 1 Ring canal i a wide ring like canal around the n:mphng_u_:. I ugu_'l.a:,gnnal in Asterias and

each anghe of pentagon lies in @ radial pasition. 4! 5T
{d) Tiedmann's bodies : Ao known as racemose glands, 3 ﬁiﬂ‘:s, \{{-':Eﬁed ane 2laadular sac like strucbures,
opening inko ring canal. They are mme in numbe - 'ﬁ.\_pca, 12 Tof 10th 15 accupted by the stone canal,

which apens Into the ring canal Each T rdrar® 5 hody = cons sted 0 oute GonsancuiT s cnlosing a stroma
of connective tlssue and same Tis I;il'--"'-!l_'l . Aith nemeszns fohe s, Fwact rale=fF flnmiann's badies 5
still lankngwm, how | whrn'- wnrkers Thisy :_]:'Q\.:- Saled will Tilaerstien, while according fa
others thnsrr aree i ,-['Hi'k_m"hlhd Landiey 21 4% -an,'%ﬁlu qkr!,.'. rianitactiuring  phagocytes, which are
ri.:ln:l.hl.i;hql -h'\j"qu;ifilm:nl:. l tqj"."'.lI g )

‘:rﬂuﬁu'lﬁulﬂ P i veasicle: lE'H'.‘.I.iIlI __.m'm:lllz struciures. They are located al each interradie
and cpening 21 outer suface of .ﬂe-_ﬁlt:j*';,,nanal It is supposed that they stare water and help in regulating
water pressece Folar vesicles zre absent in Asterias [Farmily | Sstericdaa).

iy Radlal canal: kror the ing canal there arises a radial canal along each radius, which estends up to tg of
cormesgons.irg arm, Each radial canal runsen the ambulzeral groove and terminates a5 luman tha me tarminal
tentacle,

(g} Lateral camals : In cach arm the radial canal grees out twe series of lateral or pedaal canals along its enting
length. The {ateral canals of two series are short and long alternately in such a way that a short canal has a
lang eanal on it owtsr and inner side, but anly & short canal an ils opposite sids. Cach lateral canal opens mta
# tube Foot.

k) Tube Feet @ As cach lateral canal opens nto 8 tube foot, these are bwn double rows of tube feat with
resgect to each senec of alternataly present short and long lateral canal Each tube foot consisis of thres
regions = viz a rounded sac =like ampulla, a middle tubular podium and a cup bee sucker at the terminal lower
end af thie podium

Each podium in present abowe the ambulacral oasicle, and projecting inta the coelom. The tubular podiem
extends through the ambulacral groove. The walls of the tube foat contains longitudanal muscles while the
wall aof the ampulla containg circular musdies,

The mast peculiar funttion of this systems (s loaarmatan by presading 8 hydrauie pressure mechanism, Tubs
feat also help in capturing prey. Than wall of tube feet may also balp in resplration by eachanging pases.
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| Chapter 3 Types of nutrition in Invertebrates I

Many types of nutrition are found in invertebrates:

1. Holophytic nutrition - this is 8 autotrophic (sedl leeding] type of nutrition In which amimals synthesize the
food by photasynthesis. Enengy is obtained fram the sun o symthesdze the food. This method is also called
autotraphie photatrophy.

2. Holozele mutrithen : most of invertebrates obtain thesr food by eating fully or pars of other organsms
(plants or anemals). Such made of nutrition s called hologoic, This is alep named as heterctrophic [others
teading} mode of nutrition.

3. Parasitic notrition : this also a type of heterotrophic nutrition but 1.||-'§,' *-.pw _1_155:,@11 ‘I its pperation. Thesa
organisms ablain their food fram ather living organsims I:rg,l-:.:lqu;fl!-.uql::h & 1,'-|'.|: r e hieir host odganisms,

There are bws bypes of parasiles: ecloparasites t 4t E!-L P ".gfh‘.rri o1 e Al ~Ftheir hast arganisrs
e drive food, while wuparmhﬂﬂ_-.-g Lrﬁ&hﬁe‘jpadﬂ of the -+ Past organler :

4, Saprozole nutrithon : the he?en:-tr?w;ﬁlr ﬂ;-a-”u::!‘ I"ll.ltl'lT 2 rmwalecs agsorphiar of Frod by nomasiz, meaning
thraugh the baody 5ur,f.;' fl",'l,.l-lllﬂl::ﬂ-j|al'.-.l‘_._|;|||r‘-"| zsmn-raphe. "-'

7"\. i '-
F""""-‘J-'Hf'll'?"«. "-'lﬁ:%l}m:'l snaaeaaf eran sead

-'l'll".l'l'i._‘l.'rh'“'l:-l’ifl'lr"ss-i'd by decompaosing bacteria

it

LN M'f'.t:ftl:n'phm-"hu‘trltlnn ire i rn"',&:':l ]‘I""',I'..Ilrlslz({ILJJF-.!ITIIFIJTEI:'-DP1$ a combinatian of more than one mods
af n|.l|.| “Tur 2z D, ALl """Fulld}i:'-' 'v._!!,lll,! £ with phagotroghy ar asmotrophy or parasitism

I Digestion In Invertebrates I

Tha processsl ahesisdogy ol digestion imolves thres Basic steps

1. ingestien {inteke of food),
% digestisn |enryrnatic breakdown af food stufl | and
3. egestion (discarding undigested part of food),

I'he detaids of the physiology differs in the invertebrates depending upon the made of marition and typs of
fopd aatan,

If the animal & rating big picces ar whaole of the arganism |as feod) then it will cut and masticate the food
befare digestion and have apparatus for feod mastcation and grinding.

I the animals is leeding upon small, minute particles ol Tood then abowe 5 not eeded,

Again il itis osmotraph or parasive absorbing pre digested food, then there no need of food digestion at all,
The general plan of digertion is ;
= proteirs (of food materiaf] are digested in acidic medium (pH 4-5) ender the aotion of protealyc
enzymas [proteases, for examiple zymasa)
= Carbohydrates are digested in afkaline medwm [pH abowe 7)) ender the action of amylobtic enrymes
[armylases, ox, amylase), Lipid is digested by fipasos .
—  However, certain irvertebrates only are reported to kave the capacity to digest fats/lipids 1t 1s akso
reported thal mostly falflipid is egested undsgested. Detads of digestion diller in all the phyla and
individual species
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| Chapter 6 Physiology of Excretion I

Excrethon: The process of remaoval of waste matenad from the body s termed as Excretion. ‘Waste products are like
urea, wric arsd COr, FGO, Frcass salt 9ic
Body has Twa typas of Nisids:
1. Intracellsler flied - alwo (alled the cplopiadm,
2. ExtracePular fid = (ECFY This fluid Fourd outside the cells Rke - tissue fuid Blood-plesma, Body caviby Fuid,
cerchroapinal fluid, Fleural flusd ete. Max. Cuantity of ECF i in the form of blood plasma.

Claaude - Bernard cailed the ECF as Miligu Interior or the Inbesnal enviranmenit of the bo

Egared Hastings caled the celts of the bogly &5 Klands and FCF a5 tha Inkermad - Seq,
B Theie it & conteuions eacharge of materials betwean ECF.and |nyracelular Nigied @ g Fradm the ECF Quygen and maey
raabrsEnts go inda the [CF and maony waste miglesaly enler Che ECF roen the BCF, For the contingous exchange of
materals betwesn the ECF and ICF, mamtenance of chemical composticen of CCF & @ must, this process is termed 2=
Homeeostasis. ta

cvEncrotory ofgars help in maintaining the chemical.composition of ECF, Thr'n.' mowe e Wasie
imatenials formad during metabicism fram the ECF | S0 exifetary ongan are iHl}tEl' ‘i:\ Heangasiasss
EXCRETORY ORGANS: FUNCTIONAL TYPES 3N
Generalized excretory crgans ;'\ e «_,} i
Cantractle vamuoles of protozosns __E:_x. ".‘__h:'}'.__‘__':._ =
Ineertebrate nephndial organs A -"*.,I_':-..;_—_.:ll\‘—'
Malpiighiam tsbules ol irses t"‘- ""-.l [\.., P_\:'L-’
i i
Wertehrare kelngys R b o
x e WLE Y
ey =
AN N
b & L =4
Seclalived xeretony ongatis ), 1Y,y ._nﬁxk.‘;\u A
Gills ferustaceans, fishl, | f:‘,."t_u‘ O |-_l L
Reectal glands {shus kit es) o ﬂﬁé‘;}}b
s = AR
salt ghards (Tedfies o) 1 -.:"';v.t_':l
Lawer [verebiates| WA <
intestng ||r.s|:'|::=|

| Oemooonfarmers and Osmoregulators I

AN aranal may b e gamodenlammer or o rsregulator depersding oo hoy Shey Balanoe water o5 with seater gain
Cemoconlarmers = Animis hal do nol acbvely sdjust ther inferies dsmalarity. Bosl marine nyerfebrates ape
psmocanformers.

o Bady flknds are isotonic o the envronment.

o Bady fluid compositan usually odffers from the eaemal medium due to internal regulation of specific

TeyH
#  Spmo wertehrates of the Oass Agnatha [hagfishes) ane also psmoconfonrmers
Dsmorsgulators = animals that reguiate infernal osmalarity by discharging excess water ar tading in additional water.

Mlarsy sadnwater animngts, all tragkavares animals, 3ol terresiripl animaks
Mt preserment of walss irnar gul, réquires 4 copceniralion gragsent = the maintananie al whih reguires ersrgy.
Camaregulation permels animals 86 live in o varsety of habitals, but the tradeall = that

it requeres an =nergy expenditure by the arsmal.

= erMIGsT cartdagindis fiskos, includeng sharks, maintain imtermal salt concenitrations lower than sea water by

pumging s oul through redal glands and throiagh ke kidreys, yot thair osmalenty & dightly bypertome 1o
soavaaier.

a.  Sharks retain urea a5 & disgodvied solute im the Body Tluics.

b, Sharss alie produce and retsin trimethylaming axide [TMAD), which pretecs their profeins fram
denatisration by irea,

£ Retenban of thede organse solutes Jurea, TRMAD] m the body fluids actually makes them shighily
hypertanic 1o seawater.
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d Do mol drink water, bul befande oemotic aplake of watey by sxireting eone Marine Bany lishes ane
hypatares Lo seawater,

e.  Compenzate for asmotic water %ass by dnnking large amounts of seawater and pumpsng excess salt
oart with sher gill eptheium.

f. Estrate paly @ srnall amount of wine,

Jim P - Ear

fome ot b e L merier
e R N e e Pt i
St Bepew il wr o et

ammaonotelic

Animals excreting their nitrogenows waste an the form of a m as ammaonatelic | Ammon = highly
soduble o water with which it forms ammomnim hich irgures calls drectly by alkaling caustc
action, Hencs aecrethon of ammania reguires lar mls, ta b lost am the body, That is why such
amodie is suits bl Tor sqiastic erganisns whi AE BEERSE TE waber

THo energy i required to prodoee nlu.l"'f:g. Ut

amphibans = Ammania u. tha-fir | pl'ul:h.u:l:n:-fp!'-:l

=in :rruransl:nrr'phlbrms:l € excrete ammania, w producn e

Uraotalic rn];&F’m

Animals [-"IE £ .H'l ] 1 weasle F'l'lﬂlr“"p in AT ES Urae

Srlreg ﬁnl,bb fead panssdern -I lﬂm toaic, 1 o ehmmated in the farm of wnne
Ureotehs by semi-tesresbs ill..-. soeme  earthwoemns, adult amphstians, elasmobranch
[cartilag shes) and mammals

= Frag like nther amphibians i amrr'nm:-wh: n state and urentelic = mature state, Earthworm s smilarly

arrmon ehalic when sullicent water iz availabla arhﬂ urnctedic when water availability is réduced

Wricotelic: -Animel which excrete their nifrogenous waite manly . the farm of urk aod and urate=s aré known o
wicotedic. Terrestriad arumals like insects, reptiles, and bards excrete uric acd. Unc acid (CHaMuQy] (ahich require
miore energy] & aroduced by degradatian of purines (e.g. guanineg] in lwver and kidneys to some oktent

i uricotelic animals, exoess nitragan & frst used in sprthesis af pusines, & puring & changed ta xanthing (from
Iypasanthing or meaning] which is then oxidised to was aid. Parr of 100G aodd is axidized further 10 farm allantain and
allarbaie :IH:I

ey In most fishes snd amphibrans, afarioats 15

h','d-mlysl:d I:n- Lrea anu g_ll.ll:mlh:e
Aminatellsm is the excretion of amine acids which cannot be metabalised due to their betng in excess. The animals

pertorming aminotelism are callod aminatalic, e.g soma moBuscs [Pda, Unio, Limaaea) and some echmaderms (startish,

Hiobathisna)

[ain MEroepenous Waite-Materiahs: Diferent type of snimads detretbe nilrdgencus waste matesials i varius forrms-

like:

1. amino-acids: Some animials exmmete amino-acds. These are termed 25 Aminotelic o.g. Some molluscs {Ureo, Limnia,
Enailsh Some echiraderms like Asterias

2. Amsnaniaz Majesicy anieials o0 the deamanation OF amig-pcics, 1/ This proacess e amemonia [NHa) is remesed Trom
the aminmc-ptids Majoniy agualss amimaly exirete this ammarea froem the bpdy. Sch snimals are jormed @s
Ammanotelic. Ammord o highsy saluble in water 200l diffuses rapedly nowater, Toeecrebe arsmonia, moare armount
of water is required. To excrete 1 gmoof ammonia 300-500 mi. water & required. Armmand 55 highy towue, =0 mare
amound of ammonia can't be kept inside the body,
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3. Urea: Amphibianc, Mamimab and fishes of the Elasmabrarche group  consert The armmsania oit@ned fram

dearsinaticn inke urea, Uren s aolubbe inoweter bu =g splulile a5 comparad 6 ammonia. Leds waler i reguired 19
ecrate res from the body, Te =xcrete 1 gm of urea, 50 mi of water is required, Uires is mat boos =0 some smount
of urea can be drculated into the bood bofone excretng aut.
Urea is 1alken from the site of formaban to the excretory-oegan through Blood. in human biooad 20-40 mg#200 mi
urna isprasent. Tha amount of ammonia ks very 1essar neghgibée 1o, DOME-0.0003 mgd 100 mil of Bood. This much
amaunt ol Ememersa 15 mat fene far The Hl!l:'!- Taglpada larvp of amphibids s Ammonoiahc did adull animal =
Urepieic,

. Uric-fcid: Majonty ferrestrial aremals which have a scarcity of water, corverd the ammaona obtained from
deamination into uric ao0d and excrete it o the form of onc-and. These ammals e termed as Uricotedic. Lios-
Reptdes, Bards and Insecis Unic aid & insoluble nowater; so water 15 not required 1o excrete it Unic-ackd isexcroted
in the toemn of a paste. Uricatelism &k an adaptation af the terrestrial habitat, Uric-a<id s non-Toaic. 1t i less noetaxis
a5 campared T preg

5. Tri-metbyl amine-gaide; Sams animal convert the ammonia inko non-omic bremel
has a typical fishy-smell, =g, Marine-fishes, Marine moliuscans and Marine

B. Guamnine: Spaders conwert ammania irto guanine and then exereto @ it
that of wec ackd. 1 & insoluble in waker Guare is excreted in k
the water-logs, 2

7. AllEnisni: Ma)onty memmal canvert The Pufines god P
ahe evcreted in the form of uric-aced and pynmidi

B.  Hsppuric-acid: & mammals, the

Bercolc atid + Giyoine =

But n by, Eha

Aargmc gl & Qrnithing ——
3. Creatimine & Craat

A cide and socrele il 19

Bt
|.i;|-FJ d; ibn struchure iz same as
15 also an adaptation to check

anberum arsd Lhar excrels L i man puimes
larene and Bo-bubyric stid
eted oul = the form of Hippuric-  acid

1] 5 treated with Orridkane drmino-asid
ithurig achd
e pradutt of the b [ergabme, The amaunt of cresbme sxoreded
urs. Creatinine coeflicient ary be defined az
ghtin kdogram. It is commonly 20 to 36 mg per
il woman per 24 hours. Creatine & present in the
I al adult men: It % observed that neemal males excrate
d"fﬁmsn egdday). In femades, this amount i higher tham that of in
; Entretipn of Ofe@lirs s intre mancy ard is dechegied m hypothyrsidiim. In ngrmed uring, creatne
1% abse=nt, Ml in restborn afants, nd lactating females the urine contain: creatne. Crestine s cbhtamed in
the dwer from aming-ands in pathological conditions namedy starvation, impared carbohydrate metabalism,
hyperthyrosdism and certasn mycpathies creatinuria is also found
Croatimines It is formed in the muscas. n the musgles a ligh-snargy compaund called Phosphicrestinin
Croalinines is fprmed From s ssductan. )i egoreted slang with usine
10, Oualste: Noemal vrire contaes abaut 10-30 mg of osalate per 24 hows Escreton of ceahic acid 8 increased ;o
diabetes, ;mocertain liver diseases.
11 Hippunic acid: It s chemically banzoyl ghyoine. It i the detoxicatsan products of beneoes ackd with giyoine. The
quantmy of hippunc acid excreted through 1he urine is abaut 07 dranges about 001 w0 1,0g)
1. i acids; In adults about 150-200 Mg of EminD pcicds pre axgrated 'ihl'llﬂmh the urine in 24 hoisrs

Mao. | Andmals Excretory argan Examples
1| Protaosns Plasmaleming__ | Arets ;
2 Faridura ﬁlru'.-m hl:lﬂ"' s-l.lrhl;-u SuCan
| Coplenterates Heparal bady sirface Hydira
Ifi the abge thres, cantractle vaiuse it also there which is not feally il @irefory crgan,
11 ig sperially Tof waler balarde & helps (o gl o of soirn waler thal dilfuse imla the gl
g Fiatyhelminthes Flame cohis [Sohenpoyies) Taerila, planana
Profonaphrisium Larea of platyhaiminth
Adiraciliim, nedia larva
5 Aschelminthes Remietbe coll [sioretorny coll) BsCars
[ Anrelida Mephridia Earthwarm
Chiaragogen cells Earthwarm megascalex
7 Arthropads Malphighian tubsiles, uncogs glard, Cockroahy
Urate s Spacher,
Comal gland Scarpiam jarachmdal
Green glard Prasam {crustaceal
Specipl glands cplled recral glards reabarb water and ions Snd arae which are miged with fpeoes. Thisis an
edaplation of dry kehits |
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| & | Echinoderm Tubsefeet (podial & dermal Granchea (thin wallmfgﬂ:’l Starfish
I ] Proachordates Salenotytes S s
Meistil glamd Hasfrnanes
1 i Glemerulus Bullm:EIl:u.u.l:
f A1
' &

& palr of kdneys s present in the darsal part of the sodaminal-cayity & lateral 1o vertebral cokimn, In human being

right kidney is slightly dowmwards than the left Bdney {approo. £.5 em. ).

=in mammals, the kidneys are Bean-shaped or concave-canvex typee The small gt bee structure 15 found an the

miedial surface colled as h#um ar hilus. From the Hilus part 3 wreter comes pat:

= Bath the weters apen through seprate apenings indo the urinany-biadder. The apenings of these ureters o the
mﬂﬂ‘f arg mllﬂ‘.-i-ﬂ they P"ﬂliﬂ‘l mhiﬁl'ﬁlifﬁ”ﬂ'ﬁ o i o the Ky EHU:H ﬂFE“‘F L The wigtinra

Lﬂm T'h-: dlaphm;rn TEmams al:l.n'e :Iurlni micturikion .‘Id exerts pressure on the I:rlndd:r IJthr.: opens ta

the putside through the urinogenital aperture.

In hiuman Male wethir i large than female urathea. i apprassmataty 20 om, & diviced into tour parts
. Urinary wethra |(preprostatic wrethead, 17 s 1005 om long part which lies between urinary Haddar  arsd

pint of union wilk ejaculatary ducls
I Prostatic sirethra - [2.5 om.) run betwesn prostatic lobe,
i, Membranous urethea - (X Som.} runs betasen penneal musdle.

Y.  Penilewrethra - (15 on.j 1 s largest part of make urethra & runs i conpeous spengnsem pant of penis & apen
caitside im the farmoof external urethea] anbce. While female urathra s shart appros 4 om, & cpan in i/

anterior pan of vaginal vestibuls.
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DEVELOPMENT OF KIDNEY

heng embryore develapment nephratome plste develops from mescderm which = made up of fine fubifes
callied nephros. Mephratome develops into kidoey while nephros develops svbo Nephrons or unsniferous tubuoles.

On the basis of development kidney are of 4 types:

[1} Archimaphros: It is the bacic and ancestral form. Such kidney s found today in larae of certain cpclestames
[fgiineg], but cho il Qocur in ary achill vestelrate, Glamariill are anly prasent in same ol the poctarior Cubulas

[2} Pronephric Kidney: Pronephros the most primitive estrefory organs Lhat deselop in vertebrate, corresponading
to the fiest stage of kidrey development. Develop from anterior part of Nephrotome plate. |85 nephrons are in
simple tubular shape. Meghrons are not ddferentiated.

Examsplaz It |5 present at the embeyo of more advanced fish ard at the Bl stage of amphibiars. In_human
bepsrgs, if i rudimeninry snd replaegd by magonsphics stiar 3.5 wesls,

(3} Mesonephric Bidney or coisthomephras:  develon fram middla part of Maphrolams platel remalinng paet ol
nephiolome & desirowed- Caly Doeeman®™ capsule & faund in neghrons while remaining pard i3 simgle Lubalar
Example: Mozt of the fishes & adult Amphdians but i reptiles, beds and mammals @15 Functonad in embeya

(&) Metancphric Kedmey: Develops from posterior part of nephrotome whiée remaning part is destroved.
Meghrons are well ditferentiated in to Bowman's capsule PCT, DT & loop of Henle's. Examgle: Roptile, Aves,
Marmmats

(INTERNAL STRUCTURE OF KIDNEYS)

‘-"')_ g b o
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Argiand each Kideey, Thore B 8ot ol white Roraus conmectnie fissae cadlad] the Renal-capsuba. Insice af gl Ridney i
Tdled wertky kg comned bree lissus, Thed compscts Bdue i deded inio tao - Siter 8 Corex and bnner Madulla, Medulla
1% rased nside the corfey 1§ the farm ol a dame shaped w@ruchure called the Pfrlrrﬂ

B In each kicnoy of man, 813 pyramids are present. B

columen of Bertinl
The Prawimal part of tha ureter is beoad amd funned shaped! amd & Tormad &5 the pelds, Marsaw aney af the myramid
caltee] Reral-papilla, Thelr pabas s dedced info 3 or 4 pranches Thess branches are bermed as Majoe calee, Major-Calyg
i& Further divided mtg sub-bropches called Mirsor-calys. Airor-galyses are sspanded in Lhe pyramids (o collect urme.
inos & major calyses moke the endoskedeton of the kidney

In-zach kidney of man 10-12 [akh Nephrons ane present. Mephmon is a2 functonad & anatomical unit of kdneybnephron
canssts of P parts— an initlal filtering com@erent [the renal corpuscio) and a leng tubule (remal tubule] - both made
of simple cubosdal apithelism
Benal fovpusels: -

The renal conpuscle filters out kange solutes from the blood, delivering water and smadl solutes to the renal
tububs for modid{cation Tha renal corpuscle |or Malphigian compuscle) s compesed of a3 glomenulus and
Balman’s eapiula, Where Dleod i Htered to hegin the pracess of uripe Rimaticn, The sepbran bogisd as 8
dauble-walled blind cup called Bowman's capsde Hned by sousmous epithelium ) which suroprds & nelwork
of rapifanes knawn 3s glomerufus

Glarmerulbug Iu iar,:-lllm' ersestrated) 1l that reckives rh.hhu-d mﬂffrn-rnm;

efferent arteriole. The dlumﬂ:rﬂﬂhﬂl arteriole is much rn-u-l'E ,“.'“ \

. llsd mrl -ml-ar IIIH-!I-I| [simple

gudmeus apithelial ¢aBs) lagers The wisgaral Linder les jl.r'.f-'l -":-'!- : “‘ hickened glmerular Basament
» g g g héTergth af the glamerulus

Foal processss intendignale with one another i"t‘i thad, in Contrast to Those in The

glomerutar srdotheluim, are spanced by d 4#| freh,

The size of the fétration St restricts che’ e af | manif and cells {e.g., red blocd
cels and platelris) As a resut el ﬁgpﬁg the Eluvurnan B Cap similar to Mood plasma in
COMgostiom A% Il pasies irk) 1Fge k* ryslutad fubule, | raceiges have & negatively
charged coal [ghrcocal [ Fillrafi ol negals |'|- Meciles such as albsimén, The
:Iill:l:l 1:. - iy “:Eelu:husmnle b .}cin

ardad Hl:! s mﬂ-ﬁl&l._ﬁ_e_hﬂﬂiﬁlﬂ_tﬂﬂﬂu&
[ar gl b ;!; T i L RIS, l#ﬁ. i sl hick g e lar basernen ALk

st LTS (LI O RH R ST TR e in ] )

Pl csoyitars are speagial, less Nactened cadls which %E?E;;ﬂi‘lfiu“‘i al Bowman's tapiule Surface af Podocytes
Eear bochs that help in binding 1he capillaries of 1he glomenilus threagh 8 basement membrans. Podardes
prewents filkeraton of large macromplecules that might pass through basement membrane ard endathaliium.

Cali il graniesl = Fuisyln Faftraim Fostud ol ul capilery by ezt

chalter Bpwnan's Cagsule tha nephron if in the form of @ straigh tubule called the Neck of Mephman
Aler the neck, the rermaining pan af Uhe nephean i in the Torm of @ highly eoed ubale, baimed ad he decielary-

tubule.

Aadhar Institute, 27, Kisaan Barg, Tonk Road, laipur Phone: 3314503070 [B2]
in case of any doubt 'WhatsApp us at 9314503070



MPPSC Asst. Prof. Zoology [UNIT-8]

AN generic and specific epithets have authors, the namess) of the person|s) who first officially described
them in a publicatson. You will olten we scientilic names with an suthar's name following it This s aften
conlusing to non-taxonarmists bul is really important because i @ wery usedul in tracing the histary of
agplications of names through time. Sclentific rames with very similar spellings can usially e
cdistinguihed frogn one anather when an suthor's names (s inclucded

= Ehingcior paiipes Revter
Shinacios patfdipes Maldanade
« Dates of authossh

Dares of official descrigtians can also be included with sciantific ramas 1o further elarily sitsations and
locate relevant liveratura.

= (docrocoleas fermorpls Reuler, 1879

Cyrtacopss fermorairs Reuler, 1852
Peattapsds femaralis Reuter, 1901

= Awthor's names in parentieses - raphical errors? -

Mo, If the spacies in question Ima particular classification is i the p;-“p{iv ':T'HH.JI' t was described the
guthar's name(s] do not appear In parentheses . -.;;'1.':’- T JA -
1 Motrapis cordinolis Mayden r:i: \

Hewneyer, if the speoes ina clasiilis }I.lhﬁ'..! i""l" !'g-lrn‘i"'. |:|I.h|~| Har thie coieinovenichii. e described the
author's name(s)] appear _j.l -:J.;'i:-u? hl:su_.a

-
Lo cordingl hﬁ{ﬁnﬂﬁ» G
Lie The carie applles b l";-_am'll' i'.f" narmedsh in parentheses may be followed by

-'CI'IE"
}i F- -:-ftl'-'- -rlJt"Il:lr.r!ﬂ_..h" mm.'-g:l 11 5 e b g of cufrent placarhent.
] El‘rﬂ'ra.mmrﬂ' hofiviane En:mg.n" \ :__'.I l"l
Zaria dolivieta cElonan. A, IZIE"E:L ==
# Different usages of the same name?

In same Ir 277 noes in 2oolopy suthars mday use & sclentific name differantly than the persan (author) whea
ongmally described the species. in such 2 cate the scientific name, as listed in catalogs and other
writings, is separated from users name by a colon

Ploptocoris marmorolus Slancharnd
Pl lasars marmaroiuvs: Stonedahl

While the cades differ in thelr arganization and serme sules the basie ideas bahind all of the codes are
autlined beloay. Each of these will ba discussed In more detas) balow.

= Priowity
»  Avadlability
= Typilication

Specics-Eroup names

*  Homonymy
«  Synonymy
fadhar |matitute, 37, ksasn Marg, Tonk Road, laipur Phone: 3314503070 122]
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Priority

= This it & genpla congapt: tha Brst name applied to b taxos & e nama hal &l ba used

&  Dften, baoncenisis, spilemplal, aiolapisly, bebdaonil Balagits, snd cibers encours maillple named (bl dppear
to refate ta the samn tadan, say a species. Which name is cormoet?

& \Winile nioT Pt of hig sEte, Lnnaeds did endarsa peladity in peing phe but did st practios 1

& Sudh adlilerma Dypicaliy 15 1he rewilt of aarly Takordivec sTudhe: whede researchers were B dilferant parts of The sl
oe cantinent and were independently describing tana withouwt knocadedge that anather persan was descrhing the
sarme bawon.

& |t can alsa result from researchers nat fully understanding variaton within @ species or that the different “locsorg”
Lhirgs sve chilferent stages in & life cycie ar different senesy

#  [Cxampl=: parrot fishes, aphids

& Prionty relates ta date af pubdcation or mailing date [publc svalabBtyh. Prarity invokees only date, not page ar kne
pracedence. ¥ the diy 4 nol dederminabde ther the acoepled date & the 158 day ol the smallest Lime unil (week
el ynear) that can ba datermmed Qldar valiod namaes Favg praoriy ouer ngywar '-" "-| ine; the plosst valid nama
of a tanon fakes precendence ocver all ather names of a taxon. Gererady I:h|' E]t mg!’ ‘ad to as the semar name.

s | roalogy priority exbends to ranks of the Supserfamily and -"-“-

& Priongy ot indended 1o upsat stability bacase ;:amhr{m,%_ o) T ﬂ-11-. ~ andle abjectives of bBiclogical
chzasificatian. Thus, in inslances where a nams C: {'Ehu.ﬂ'l‘ul:'l conlisiar Lhe codus prosice provesans
that permil the canservation af a voaurs; !;a 1:@;1‘ I‘r- dridire Irissio e Uie [0 (14 L posbsr to suppress
ai obder name and make the y. g.i? nala: nare: Bart e b,

®  Friondy extends I:l@: -:l:ul o ke e rd_-n;tl megy s ol i s iz o heames apopbed belore These
speritiad umrl-:j- ktpl;q_ Wl A s

. I‘.'m rﬁ%{}ﬁﬁ&#ﬂmmulmmnmlatu lg quﬁb,fn}luaauj Spsherag Motunoe, 100h edition, considernsd

hgﬂ, Aoary 1753 sy works I;I‘hl'.hr:'hi" ALTEE O After aro cansidened pabiished.
rsthc basellne pHar ‘PS-\:I:-IJ_c_.wnrk of Clerck |E757).
asallig pHorHey dar betanlcal "'llll, q_#'h ki Linmasus' Species Plandarum [1753)

Simple exa of priority:

Stoneroller
Compostomo ohomelum (Rafinesque)
Autifus anomelis Rafinesque, THM
Exogiosswm spiniceghmlum Valenciennes, 1594
Frogiossum dekium Kirtland, 1845
Ledcisols prodins Siorer, 1845
Chandrosiama pullivm spassiz, 1BS4
Compostnmn masuvham Girard, 1856
Compastome formaselem Gerard, 1855
Dhovidn plumbea Girard, 1E56

& These are all walid and avadable names far the same tawn [species)

& Umng pronty the carrect mamss to he spplied to the taxan & Rurihes enamaius Rafinesgue but when placed in
the genus Comportomr the specific epithet muest 2gree in gerder with the genus. Hence, the name
Bt e es Camapieidoenr ogmaiur [Relinksgus)
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s [ypoeus sobbfons Fallen, 1807  Chlomyootas was descnibed by Curbes (1283} and moluded o new
spep es i fud Curlis,

®*  Fieber (1858} desonbed new genus Agmiirstes that scduded saititany (Fallen), slong with other speoes. The
type of Agoiiosdes was tioed as setfidons by Kirkaldy in 1905

= Flor synanymreeed morgimedes Curhs with salifiioas Falken,

®  Thus, Chlamrydlatud salidtitans (Falken) is the name thal must be eded an the bass of priority Finally, there 15 a
basi conflict batwaen the lillH'B'I'ilH' af stadility andd the cade of pricnly

Availability

Whereas prionty is a comparatvely objectve criterion, availability 15 more nebulous. \With reference to the
different coges most names would be considered “awsilable® if thay meet the following four critera

N Agpear in 3 wark published afver 1753 for plants and 1758 for risost aairals.
" Mot the criteria for publication designated by the codes
- furg writien in the Latin alphabet {today in English except for p:lanﬂi-_ll

* Aure binominal (il relerring to species) .}l':-:'\l)\ '_q:}"m_.-
The codes also require other things depending uprm ks Qllll'ul_

S ] ﬁ‘j\m - |

ra:? "'-f\
lﬁ_j(fa-"ﬂ: purpasc of E{_:ﬁ:le;ﬂif %16 nent ssaentific record,

= Pdust be s,

oy |

.-Ef. i w12 Filst isaue ’1-, Ly puschass.

bt b

" A i heen zadurerd "i.. m\ aining simultaneouesly obtamabde copies by a method that
s s perecLe e i

5 Befarc 138L, must bedinoink onogaper, e conventional printing or mimeographing {latter okay inzoology
bt r=t bamre)

After 1385 can be vis photetapyng or any other “uncomeentional” methed bul must include a dtatement
that narmenclatural contert is for perrmanent, pulbilie, adn sclentific record theren.

= Forbidden publications -

e Distribution an mécrofilm, computer printouts, or pre-1986 photooopses

= Ammenthon of a name at a scientific meeting

& Labeling specimens deposited ina museum

= Tha distribution of proof sheets (zaology)

e Degostion of docwement jeg, thedish in b collection of documents, & library, or otber archive

=« [ustribution ooly to colleagues or stedants of 2 note, aven if printed, in guplanation of an accompanmying
illastration
Criteria for "pubdication® are Being evafuated serspusly now with the mary mare options for repeaducting
multpla copies available o the puble for permanent record (dissertations throagh University Bicrofilms
and W}

fadhar |matitute, 37, ksasn Marg, Tonk Road, laipur Phone: 3314503070 [241]
in case of any doubt Whatsdpp us ab 3314503070



MPPSE Asst. Prof. Zoclogy

{UNIT-8]

All Sejentific INamed

Categones of 53&:111.{::
o

Pubsbished Unpublished
Avallabie Preaceuplied
{junier homonywms
Walid lavalld Hm.l il bl
M akied Names d nainenl
{earredt| (rejededl

"a‘(‘SB

from Bladkowelidor,. 1967 )

\‘j A" Topification
}@ﬁ@}ﬁm o “p%‘

a Elg proalem i rany rea

\"l\{l Fsary tar hime of Linnasus. Howsver, the type

: o
'?:l quze'_';.lL |:'|:||.'a:n.~d L rosl = 1 PR Aypical” af the genus. Spocies were represented by &
L ' oyl :Lf-ll'-es?}r\’_{kyﬁ HHJ"III.- replaced 18 typecal spestirmens wilh "belbei™ specimens. This s

v This wads ool bl oI e 3 e HTI‘::I# for fiemg generic limils ar determining representibves of different

tprlrs MaT s

= Trebype canceps pnd requirerment Tof designation ol ypes partiplly sohed this problem ard BSssied in e
chiacive af stability: it was a major advance i the evolution of the codes. In 2oology it was codified n
the Begles {the first code Intemational Momendatere of Foology adopted by Sth Congress, published under the
Gk Comgress m 1905) Masndalory designation al [ypes in Botany & nod apply antil Jan 1958

®  Thi= proceduss fies namss bo specimens and s important.
The concept Is not typalogical:

®  The typs specimen = not meant to be "ol

#  [ypes are nob suppose ta represent vamaticn in a taxan.

& Howerwer, thene ane some biases practiced today

& A “good” sopomen

= An acili i breedng condition or with agdditienal characters visile,

Types of Types:
There are two forms of types =

(1] niames or (2} specimens,

|-'S.n'rdu~n'mu.utrm

Thess regresent a single specirmen Lo which a name = attached. This provides an objective criterion for
establishrment of usage of that name. Species-group types are recagnized in the codes as prirmary types and

include the follewing passiblliteas,
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I Reciprocal Altrulsm I

Im ewodutionary hiclogy, reciprocal altruism = 3 behawicur wherehy an onganism acis inoa manrer that temporanly
redubes @5 fibness while increasing anather crganism's fitness, with the expectation that the other arganism will act @ a
similar manner @1 @ later fime The concept was ity devetoped by Robart Trivers 1o expiain the ewohitian of
coGpeialimn b insldnied ol miitually Slrisis ats The concepl o clode 06 the drategy oF "0 BEe 1317 sited n game
Eheary.

Theory
The cancept of “recprocad attraism®, as infroduced By Trivers, sdggests that altressm, defined as an act af hetoing
someans sse alihaugh incurring some cest for this act, could hewe evobed since it might be baretices! to imcur this cost
IFikere i 8 chance ol being ir & reerse sibuatin whene the person whiom | helped beloes may perform Bn altruistic acl
towards me !
Futting thiz into the form of a strategy in a repeated pasaner’s ddemmae would mean to ooperate unconditicnally in
thi first period and behave cooperatreedy [altruistically) as long as the other agent does a5 well. If charces of meeting
anather reciprocal altrulss are Aigh anough ar the game is repeated for & long enough amaunt of fime, this form of
altrulsm tam ewahes wither & pogulatian
Thes i clida b Che: rotios ol "L Tee fal™ intrad e d By Anblal Rapapart, Shoiugh theie s0ll 3eems a shght ddtmciicn in
Ehat b4 for " cooperaies in the st pericd ard fram Chessan shaays replicades an opponent’s previous actice,
whereas “recipromal sfinests® stop cooperation in the first nstance of non~cooperation by an opponent and =tay non-
caoperatve fram thereen. This distmction leads to the fact that in contrast 1o recprocal altruism, bt for tat may be able
i Fastcee cooparation under certain conditions despite coogeratian Fedrg brakan down
Stephens Fmws 3 w2t of nesgassany and joimily sutficient copdithons " for an instance oF recipresal alimasm;

1. the behavious mu=t rechics & dotor's Ftness relabive to @ s=ilish aferralive;

2 the fitness of the recipient must be slevated relgbyve fo pon-recipients

3 the performance of the behaviaur must not depend on the recapt of an smmiediate beneft;

4. pandibons 1, ¥, and 3 must apply to both edividweals engaging in reciprocal heiping
Theere aee twio additionad conditions npcessary ™. for reciprotal altrulsm 10 svahee:™

s A mechanism for detecting ‘choaters’ must oot

= A& lange findelinde] namber ol apportunities fo eschange aid sl esis]
The lirdl besa comdifions are necesssry far slraiim 4 such, while the thied & distinguishing recprocel altnesm Fram
umple mutuahsm and the fourth makes the interaction redgpracal
Candition number five |s requined as otherwise non=altruists may always exploit aftroistic behaviour withowt any
conseguardes and therefore evolution of reciprocal altrulsm would not be possible. Howewer, it (s painted out that
this “conditinning devica” daas not need 10 be comsoous. Condfion fumbse g s required e aeald conperation
Ereakdown throngh Backwards indluction - & possibility cuppasted by game Thearatical modefs

Examples
The {oflowing examples could be understood as afresm. Howeser, shawing reciprocal altnasm in an Enambiguoas way
renuires maore ouvidence as will be shown atder,

Cleaner fish
s An eeample of reciprocal alnssm i clepning symdnosic. such a5 betwesn cleaner figh snd thair losts, though
cheamprs indlude shrimps arsd birgs, gnd chents includs figh, Iartles, aclopieses aned marm ik,
s Aside from the apparent symblosts of the deaner and the host dunng actual cieaning, wibsch cannot be
inferpreted &5 albnaism, the host displays acditional brhaviowr that meets the cigena for altnaism
#  The host fish alloees the desner fish free entrance and =wit ard does not eat the deansr, even alier the
chzaning iz done. The kot signals the deaner it s about ta depart the deaner's locality, ever when the deaner
is nat @ its body. The host sometimes chases off possibie dargers to the deanor,
The fnlloweng evidance supparts the hypatnaesis
»  The cleaning by dearers = essential for the bost. In the absence of cleaners the hosts leawe the locality ar
suffer from injurnses nficbed by ecta-parasites! There i difficuity and danger in finding a cleanser
®  Hodld legve their element 1o get dleared. Others wai na leager than 3 seconds befare searching for cledners
elsewhinre.
& & key requirement for the estaflshment of feopiocal alliaim 18 Thal the daime bwo il ivid als risist imleibo
repedtedly, a5 otherwdse The best drabegy For e host woild be tooeat the cleaner as soan as deaning ws
camplete. This constramt smpases both a spabal and a temporal condion om the cleaner and on s hest.
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Bath indrdckialy maist reman in the same physical locaban, and Both miust have & lang enaogh lifespan, 19
praadle mueltiple imeractons, Sprimgly, thece i reliablie sndenee thal andividesd deaners and hosts do
incleed inferact repeatediy.

This expmghe meels soene, Bt not all, of The Crters describsd i Trivers's moded, In the Cleanesr-kask systam
Ehee Benefil b The cleamed = abaays mimediale,

Hoaserwes, the eraaiutinn of receprocad altrulsm s contingent on cpporunities 1o future rewards Theaugh
repated mteractions, In ene stuady, nearty host fish abserved “chpater” deaners and subsequanily avoided
thern

In these exampbes, trun recrocity 1s defficult to demonstrate since fallure means the-death of the cleaner
Howeves, if Rardall's claim that hosts iometimes chase alf passbls denpers ta the cleaner = carrect, an
gxpeniment meght be constrected in which reciprocity could be demonstrated.

Waming calls in birds

Warning calls, althocugh =vpasing 2 bird and putting 12 i darger, are frequently preen by birds. An explanation
in kermes of alinustic bebasour 15 gheen by Trivers:

It has been shown that predabors fearm specifc localites and specishaes indridually on prey Types ansd bainding
technigues.

It B fheralore dicadvantppeoos Yor p ird 10 hieve 8 gredator eal 3 conspecfic, becpuse the expenenied
predatar may then be mare likely (6 =81 hen;

Alarmirng angther Dird by giving 3 waming Cal fands 10 pravent pradafors from speciahzing on the caller's
sppies and kncality, 6 this yway, Bergds i arezs n adich waming ca®™ are given will B2 gl g selaciue advantage
relative 1o birds in dress free fram wasning calls

Mewertheless, this presentation lacks important elements of racgracty. 1T is vary hard 1o detect cheaters. Alsa,
thers is maevidence that a bird reframs fram giving calls weher anethes bird 15 nen reclprocatsg,

&nd there i noevidenos that sdividuals interact repeatodly

Anather enpEnalsn o wdarmmp calld & thel thess are nal warnirg cals a8 g0:a bed, ance g has delecied a
bard of prey, calls 1o dsignal to the bird of prey thet £ was detected, and that There 5 o e trying 1o sttack the
cafling bird,

Two facts support this hypothiesis:

#  Thecall requencies match the hiearing range of the predator berd.

#  Calling binds are less amtacked =predator beiods attack calling bards bess Preqiesntly than ather beds.

Mest Protecting

Red-senped blackbed males help dedend neighbor's messts. There ars many theories as to why males beshave thes way,
One is that mades anby defend other nests which cantain theer extra-pair offspring. Extra-pair offspring is |weenibes which
miay cantain soms of the male bird's. DHA, Another is the tit-for-tat sirategy of reciprocal shrusme & third theory s,
miakes halp anly oohes elogedy ralated maleg

A study done by The Department of Fisherses and Wildlife prossded evidence that males wsed a tht-for-tat skrategy.
The Departmient of Feheries and Wildlifs tesfed many different nests by ploong sfuifed crows by rests, and then
piaserving benaor of neighbaring males. The behaviors they loaked for induded the number of calls, dives, and stribes.

= After analyong the resuits, thers was not signdficanoe ewmdence for kin selection; the presence of extra-pair
cifspring ded not affect the probability of helo in nest defense.

®  Howseveds, males reduced 1he amounl ol defenis gwen 1o neghbons when neighbor maley reduced
defense far their nests

& This demonssrates a tt-dor-tat sratagy, where animals befn those who prevtously helpsd themo This
SIPETey 5 ane fypl of Fecgarocal TFiEsm

Wismpire bty

L]

Nampire bals ata display recprocal altruismn, & desoribed By Wilkinson, The Bats fead sach other by
regurgitoling blood. Since bats enly feed om blood and will die alter just 70 hours of net eating, ks food
sharmpg = & great benefit to the receiver and 2 great oot ta the greer

To quadify for reciprocal aliraism, the BEnefit 10 the recahess would hase 1o B lerger than the Cost §o tha
dapdd, This seermd (o hobkd g5 thede bats wspsly dee i they go nal Td & Bleod med) Twe nights in e row, Aldo,
Ehe requirement Ehat imdnesduali wha hewve bebaved albtruistically in the pasd are helped by otbers in the futurs
15 canfirmed by the data.

Howeeves, (he coniistemty of he repipraal behavour, rimely that 8 previoussy mon-altrustic Bet s redused
bl wihien it reguinas i, has pol been demansirated,
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Thesraloma, the bats do mot seem Ta gqualily yet as an esample for reciprocal altraism, Howsver, a closer leak at
Ehee it dhowd Ehat ~ excapl o @ segle anterpition — il msbanc o of Tesding hagpenied Belasen indaduily of
Ehe =mme group, who are on awera ge cousris

Thiis, it seems maich mare progable thal this axamgle iy a caze ol He selaclion than reciprogal afrasm

Prirmates

L]

Grosgreng in primates meats the conditans far recipracal altruism acteeding 10 soeme Studes, Dne af the
sfuclies i\ pervel monkeys showd Chat ampng unfelsted ivddiesdusls, groemming mduge higher change of
atbendeg Lo each ather's call for alds

Horgrver, varvet monkays also dispiay grocming Behaviors within groug membess, dispfaying alliances

This waouold demansirate vervet monkey's graomming behavior as a part of kin sefection sinoe the activity is done
between siblings e this study.

Moreaver, Tofowing the onferia by Stephen, if the shidy 5 Eo be an example of reciprocal albrusm, § sk
prowe he mecharmsm for debscting cheaters,

SLEEP

Sleep iz a behavior,

Slegp s ot disdingueghed by movemanl

The best research o henan skeep is conducted in a sleep laboratong,

During wakefulness the EEG of a nonmal person shows two basic pattenns of activity: alpfio octivity and beto
oty

Stage 1 slédp, marked by a presence af fome hela aitivity [35-7.5H2) This slsgs 18 actually a ranstion
Bt slapp gnd wakelubness: iT we wsich our valumlmers epelich; vwe will s=p that rom bme 1 Gime Lhey
slowdy open and close and that her eyes rall upward and downsard. About 10 menutes later she enters stage 2
slecp.

Stage F seep, the EEG during this slage o pecesaily rregulsr bl containg pericds al thels actvily, sieep
spdndies, and K compieses. Sleep spandles are shart bursts of wases ol 12-14H2 that oocur between Yo and
Free Eimees. 3 mirube

duirmg slages 14 of sleep. Some svveiligabors believe thol sfesn Spindles represent thé aclanly &l a
mechanism that decregiess [he braim’™s sensitivily 10 sensary inpul-discornects the brain from the sutssde
world, so to speak-and thus permits the person o enter deeper stapes of sleep. The sleep of clder pecple
canfains fawer sleen spindles and is genevally accompareed by more awakenings during the night,

K complaxes are sudden, sharp wave foems, which, unike sheep spindles, are usvally found enty duning stage 2
sleep. Some mvestigatars befieve that they, too, represent mechanisms imvaheed in keeping the person asdeep.
The subgest i Sleepeap soundly raw; bt if deakened, she maght report that she has ot been aslesp,

About 15 minutes bater the subject enfers stage 3, signaded by the ccourrence of high-amphiude delta
actiyitgdlnss than 3 5H1). The distinction botwoon stage 3 and stage 4 is nof cloar-cut; stage 3 comtains 20-50
percent al delta activity, and stage 4 cantaing mone than 50 percent della acivity,

About 90 minutes after the begnning of sieep (and about 45 minates-after the anset of stage £ sleep], the EEG
sttldenly bacamses masthy desynchionized, with 2 sprinkling of theta waves, very similar to the record abeained
during sLage 1 sleap

REM shesp-for the rapid eye mowements that characterize it REM sheen has atso been called paradaoxical sleep,
becase of e presance of heta acthaty, which s usally snan dutng wakefuiness or stage 1 sleen. Thi tarm
paradoxical merely refiects PeoERes sarprise 3t obssrving &0 umaxpacted phenamsenon, Bt the years snpe is
Tl e gonpery [reposted by Aserinsky and Kleitrman i 1055 have Bombid thee surprse value

Stages 1-4 are wsually referred to as non-REM sleep. Stages 3 and 4 are referred o as sivw-wave sloep,
beranice of thi procamncs of delta sceivity. Bsowe will ses, research hag focused an the role of RFM sleap and of
Elovat-wave sheaps mosl svestigators Dalieve That the ofbsar sages of Aon-RER sleap, stages | anid 3, are st
impertant than thi others, By some ileria, SAage 4 & the deepest slage of sleeg; anly Bud noses will Gade 4
person b awake, and when awakiened, the persdn actyd groggy and confused. Durning REM sl=ép 2 perion may
naat react to noises, but he or she is easily aroused by meaningful stimali, such as the sound of Ay or ber name,
Alse, whien awakened from REM sieep, 2 person appeans abert ard attentie

The fact that BEM sleep ccours at regular 90 minute mtervals suggests that 2 brain mechanism alternately
causes REM and olow wawe-slesp. Narmally, a penod of dow-wave sesp must precede HEM sleep. in addnion,
there seems 10 be a refractory penoed after cach pcourmence of REM shecp, during which tims REM sleen
cannat take place again. In fact, the oyclical nature of REM sleep appears ta be contralled by a “rlock® in the
Eraim that alsa cortrals an activity Sk that continaes throisgh waking, The fIrsD sugeastion that 3 H-meniile
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activity cycle accurs throughowt the day came fram the coservabion that sfarits who are fed on demand show
regular ferding patierms |Kkeitman, 1961),

®  [unng RESS sleep we become paralyzed. Brain is wery active, Cerebral bfood Mo 2nd coygen consumption are
accelerated.

® | penile enlofigemenl otourd dizmg REM stesg, thien g lallure Lo oBlain an ereclion during altempls al
intercourse i not cmised by physiologicsf praoblems such a= nerve damage or a orculatery disorder.

=  Elactromyagram (ERG) {my ob gram}- An electrssal poténtial recordad from an electrade placed anoar ina
sl

& Elactro-oculogram (EOG| [ah kew |oh gram) & electrical potesitial form the eyes, recorded by means of
flactrades placed an the sien araund them; deTects aye move ments,

= Alpha activity- Smooth clectirical acthaty of 2-12H:z recorded Trom the braing generally associated with a state
of relasation

*  Bets activity- Irrepular edectrical actwity of 131-300 recarded from the brain; penevally assopated with a s5ate
of arousal.

= Thata activity- EEG aCthemy ol 3.5-7.5 HE That peours infermitisthy during earky stagess of dom-wave sleap anil
REM slepp

& Deda potheity- Begular, synchrongys elecirical aorhvity of legs thar 35H2 recoedad Tegm Che Drain: 0 ours
duiring the despecr stages ol ditm-wave sleep,

s REM sloap- A pericd of desymchronized 55 acuvity durmg seep, a1 which [ime dreaming, rapd eve
movements, and musodlar parabees acoar: alio called parsdoxical sleep

®*  Mon-REM sfeep- A1l stages of sheep excepl BEM sleop.

e Basic resb-aegivicy eyele |BRACT & O0-manuke cpcle |in humans] of wanng and wamng afenness, cortraliesd by a
Esakogical dlock in the cawdal brain stem; controls cycles ol REM sleep snd sdw-wiive dleep

SLRARARY

Sleep & gererally ragarded as 5 slate, Bl it B, revermhaloss, a bemaviar. AR we wil gag lafar in this chaptes, we do nat
Sleep hecausE aur braird “run down™; instesd, sctive brain mecham@mes couse us Lo engaps in (e bebmaor of sleep, The
stages of nor-REM sleep, stagesl-d, are defned by EEG actnaty, Sow-wave sleep (stages 3 and 4) comprises the two
despost stages, Alernpis consists af desynchronized beta activity {1330 Hz); relaxation and drowsiness consicts of
alphia acbwty [B-12 HIl, szage 1.seen consists of alternating peniods of alpha activity, irregudar fast activity, and thota
activity (3 5-7 5 Hzl, the FEG of stage 7 sleap ipgks alpha actiity but containg sleap spirdles {shart penods af 12-14 Ha
activity] and accpiicnal K pampleses; dage 3 deen fonsdds al 3050 percent della btivity §less than 3.5 Hi; ardd stpge 4
sleep consests of more Lhan 50 percenl delta activity. Aboul 90 mmctes sller the Baginning of sleap, peaple anler HEM
sleep, Cyviles of BEM and slow-weve deep slternate in periods approsimetely 30 minuates, REM sleep consists of raoid
oye mowemerts, a desyrchronized 286G, semsibnity 1o external stmulation, muscular paralysis, genital actmaty, and
draaming,

Wiry Do We Sleep?
Sloep as an Adapties Response
Sleppis universal phenomenan among vertebrates: Only warmeblooded vertebrates (mam mals and binds) exbalit
unafubacal REM sleap, with & desynchronced EEG and rapd ey mosemants
s Animak that have safe hiding places (such as rabbits) sleep a fot, unless they are very small and reed 1o eat
miich of thi time {such a5 shrews) Larga precators such as lons can sleap satoly wherewer and wharnever thay
choeose, and indesd, thay stapp many Bours af the day, I Corirast, large animals that aee proyss] upan amd
bz pso place 10 hide (2adh 48 catlla] sleeg very litlhe
& The two cerebsal kemisaheres of some species of porpodses take: Tums sleesping,
®  Undoubtedsy, sleep doey serye 22 3 wieful behaviar, The fact that slesping time vanes with ernsronmenkal
engages in is somewhat flenble.

Slaap as a Restoraties Procoss
Effecrs af Sieep Depvivation
Srumies with Hoenors Sheep deprivation did nal interfese with people’s abilitg 10 perfarm physica seercie,
& Winat happens (o seep-dapnved subects after thay are permitted to deep againt Most af tham desp Inrger
the vt gt or twoo, bud chey never regain all of the slaep they st
s  Bath cerebral metabalic rate and cerebrad blocd fiow dedine durning slow-sawve sieep, falng 1o about 75
percent of the waking level dunng stage 4 sieep.
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