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BIOTECHNOLOGY

Time allowed : 3 hours Maximum Marks: 100

e N
General Instructions;

(i) All questions are compulsory.

(i) Thereisno overall choice. However, an internal choice has been provided in
one question of three marks and two questions of five marks. You have to
attempt only one of the choices in such questions. Question paper contains
four sections- A, B, Cand D.

(iii) Questions number 1 to 5 are very short answer questions, carrying 1 mark
each.

(iv) Questions number 6 to 15 are short answer questions, carrying 2 marks each.

(v) Questions number 16 to 25 are also short answer questions, carrying 3 marks
each.

(vi) Questions number 26 to 28 are long answer questions, carrying 5 marks each.

(vil) Useof calculatorsisnot permitted. However, you may uselog tables, if necessary.

QUESTION PAPER CODE 99/1
SECTION A

1.  Whyishumulinconsdered better than piginsulinfor thetreatment of diabetes? 1

2. If aresearcher began with asamplethat contained 5 copies of double stranded
DNA, how many copieswould he be ableto get after 20 cyclesof PCR ? 1

3. Whaareinterferons? 1

4.  Inisolating recombinant insulinfromacultureof E.coli, thecellswerefiltered and
thefilterate was subjected to a purification protocol. However no insulin was
obtained. Why? 1

5. Whyiserythropoietin (EPO) included in thelist of banned substancesfor sports-
men? 1
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10.

12.

13.

14.

SECTION-B

Inabatch cultureof E.cali, specific growth ratesof themicrobial cellswill bemaxi-
mum at which phase of growth and why?

Compared to aconventional plasmid, what additional sequencesarerequiredina
YAC vector sothat it can behaveasan artificia chromosome?

Why isit useful to search adatabasetoidentify newly determined DNA sequence?
Givetwo reasons.

Why isfoaming caused during fermentation process? How can thisbe harmful to
the process?

What isatranggenic plant? Enlist two examples of transgenic plantswith beneficia

traits.

Patientswho are administered monoclonal antibodiesagainst CD3 can accept rena
dlograft, why?

Listed below arefour different snglestrandsof DNA. Which of thesein their double
stranded form, would you expect to be cleaved by arestriction endo-nuclease, and

why?
@
()
©
(d)
@
()

GCCTCATTCGAAGCCTGA
ACTCCAAGCTTCACTCCG
CTCGCCAGACTCGTCGCA
ACTCCACTCCCGACTCCA
Expand‘BLAST".

When aligning two or moregenetic sequences, it issometimes necessary to
insert gaps, why?

How arenovel genesintroduced into plantsusing Ti plasmid of Agrobacterium ?
Enlist maor steps.
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1+1=2

1+1=2

Yox4=2
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

A s0il microorganism producesanovel metabolitein nanomolar (M) concentration.
Suggest any two waystoincreaseits production.

SECTION-C

What is‘ Molecular Pharming’ ? Why isit more advantageous compared to pro-

ductionin abacterial system?Giveany four reasons. 1+%x4=3

DNA microarray permitsan investigator to monitor simultaneously, thelevel of
MRNA production from every genein an eukaryotic organism.

(i)  Whymight suchananayssnot givean accurateestimateof theleve of protein
expressed in an organism?

@ii)  Whichalternativetechniquewill be better suited for the above mentioned
andyss?

List three differences between abatch and acontinuous culture.
What arethe potential risks (any three) and benefits (any three) of GM crops?

Why isit difficult to cultureanimal cellsascompared to plant or microbial cells?
Why isit essentia to supplement animal cell culture mediawith serum?

OR

Why areanimal cellsgrownin CO, incubatorsand not inregular incubators? Give
threereasons.

()  What areessential amino acids?

(i)  Athletesarerecommendedto consumeBranched Chain AminoAcids(BCAA)
before and after exercise. How doesthis practice benefit them?

What isarecombinant vector? How isit constructed?

How can you obtain virus-free sugarcane plantsfrom virus-infected plants?Are
these plantsvirus-res stant? Why or Why not?

Embryonic stem (ES) cellscould potentially beused to treat avariety of diseases

239



25.

26.

27.

@ myCBSEguide.com
A A Complete guide for CBSE students

associated with cell and tissue damage. Defend thisstatement by giving threeexa

mplesof EStherapeutics. 3
Study thefollowing purification tableand answer the questionsthat follow:
Seps  Procedure Total protein (mg) Activity (units)
Stepl  Crudeextract 15,000 150,000
Step2  Sdtfractionation 4,000 138,000
Step 3  lonexchangechromatography 1,500 115,500
Step4  Sizeexclusonchromatography 68.8 75,000
Step5  Affinity chromatography 1.75 52,000
()  Whichgepinthepurificationismost effective, and why?
@)  Whichof theprocedureisleast effective and why? 3
SECTION-D
(& What doyou understand by  SNPs ? Suggest any two applications.
(b) Nameany two databasesimportant in bioinformatics. Mention thetype of
information which may be obtai ned form these databases. 3+2=5

()  Whatismeant by proteomics?

(1)  Namethreeimportant typesof proteomics.

(i)  Why isthe proteome of agiven specieslarger than itsgenome? Givetwo

reasons.

OR

1Y4+1Y242 =5

Namethetechniquedevel oped by O’ Farrel. Schematically depict thekey stepsin
the separation of proteinsusing thistechnique. Highlight the basis of separation at

each step.
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()  Schematicdlyillugtratethetechniqueof ‘ Site-directed mutagenes's .

(i)  What physical and chemica propertiesof naturaly occurring enzymesmight
be useful to change by sitedirected mutagenesis?

OR
Explainthe principleand stepsinvolved in the Sanger’ smethod of DNA sequencing. 5

QUESTION PAPER CODE 99
SECTIONA

Protein chemists prefer to monitor absorbance of proteinfractionselutingfroma
chromatographic column at 280 nm. Why? 1

If aresearcher began with asamplethat contained three copies of double stranded
DNA, how many copieswould he be ableto generate after 27 cyclesof PCR ? 1

What are monoclona antibodies? 1

Recombinant human insulin cannot be obtained from the culturefiltrate of E.coli.

Why? 1

Why arelong distancerunnersdisqudified if they test positivefor high amounts of

erythropoietin (EPO) ? 1
SECTION-B

Most mediathat are used for culturing microbeswithin laboratories are not used
for largescalecultivation. Why ? 2

If youwanted to expressaeukaryotic protein in bacterial cells, would you clone
genomic DNA or cDNA into the expression vector? Justify your choice. 2

What are homol ogous sequences? How can you accessinformation on homologous
genes/sequences? 2

Why isaerationimportant for microbia growth?How can proper aeration be achie-
vedinmicrobial culturesgrown under |aboratory conditions? 2
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Differentiate between primary and secondary metabolites. Name two secondary
metabolitesobtained through tissue cultureand their applicationinmedicine. 2

Monoclonal antibody against CD3isan effective therapeutic agent in overcoming
rend alograft rgjection. Why ? 2

Listed below arefour different singlestrandsof DNA. Which of theseintheir double
stranded form would you expect to be cleaved by arestriction endonuclease and

why?

@
()
©
(d)
@
()

ACTCCAGAATTCACTCCG
ACTCCACTCCCGACTCCG
GCCTCATTCGAAGCCTGA
GAGCGGTTTATCTGAGCAG
Expand‘EMBL'.

Why isit necessary to insert gapswhen aligning two or more genetic
sequences? 2

Which plant part(s) would be best suited for expressing antigensand why? 2

A fungd extract hasanti-cancer potential and it hasshown postiveresultsinclinical
trial sagaingt childhood leukemia. However, theactive compoundispresent invery
low concentration. Suggest any two waysto increaseits production. 2

SECTION-C

What is*Molecular Pharming’ ? Suggest any four advantages of expressing trans-
genicproteinsinmilk. 3

Suggest any four methodsused for introduction of recombinant DNA into host cells.
Alsoexplainthemethod of insertiona inactivation used for identification of the recom-
binants. 2+1

What isa'fed-batch’ culture? What areitsbenefitsin microbial technology ? 3
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What arethe magjor constraintsin accepting transgenic crops? 3
(i) Briefly explainwhatismeant by ‘ contactinhibition’.
(i)  Whatisthedifference between adefined and aserum-supplemented medium? 3
OR

(i) Differentiate between anchorage-dependent and anchorage-independent

cdls
(1)  Howisdamageto cdllsprevented during cryopreservation ?
(i)  Giveany two applicationsof proteolytic enzymes.
(i)  How doesthe consumption of branched chain amino acids (BCAA) help

athletesin enhancing their performance? 3
What informati on can be obtai ned from genome sequencing projects? 3
How can you obtain virus-free potato plantsfrom virus-infected plants? Arethese
plantsvirus-resistant? Why or why not? 3
How could embryonic stem (ES) cellspotentialy be used for treatment of diseases
associ ated with tissue damage? Givetwo examples. 1+2=3

Study thefollowing enzyme purification table and answer the questionsthat follow:

Steps | Procedure Totd protein Adiivity
(mg) (units)
Step1 | Crudeextract 10,000 1,00,000
Step2 | Sdtfractionaion 3,000 96,000
Step 3 | lonexchangechromatography 400 80,000
Step4 | Sizeexclusionchromatography 300 60,000
Step 5 | Affinity chromatography 3 45,000
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(@ Whichgepinthepurificationismost effectiveand why?

(b)  Whichof theproceduresisleast effectiveand why? 3
SECTION-D

()  What arethe essential featuresof avector?

(i)  Whatistheroleof cossitesinphageA ?

@)  What istherole of DNA ligase and a kaline phosphatase in recombinant
DNA technology ? 5

()  Whatisisodectricfocussing?

(i)  Namesomeof theimportant branches of proteomics.

@iy  Why isthestudy of proteomerelevant inthe age of genomics? 5
OR

What istheprincipleof proteinfingerprinting? Enlist mgjor stepsfor performing this
technique. Suggest one gpplication of thistechniquefor detection of human disease.

Expand NCBI. What are the possible uses (any two) of databases availablein
NCBI ?How cantoolsavailablein these databases be used to retrieve and compare
geneticinformation? 5

OR

Gene predictionfor agiven genome us ng bioinformatic toolsmay bedifferent from
the actual number of genesidentified by experimental methods. Why isit so?Do
youthink thereisawaysacorrel ation between the compl exity of theorganism and
total number of genes present initsgenome? Jugtify with suitableexample.
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M ar king Scheme— Biotechnology

General Instructions: \

The Marking Scheme and mechanics of marking

1. All awarded marks are to be written in the left hand margin at the end of the
guestionor itspart.

2. Placeatick (v') inred directly onthekey/operativeterm or ideaprovideditisin
correct context. Place“Half-tick” Y2wherever thereis%2mark in the marking
scheme. (Do not placetick indiscriminately just to show that you haveread the
answer).

3. If nomarksare awarded to any part or question put across(x) at incorrect value
portion and mark it zero (inwordsonly).

4. Add upticksor thehalf ticksfor apart of the question, do the calculationif any,
and writethe part total or the questiontotal intheleft hand margin.

5. Add part total sof the question and writethe question total at theend. Count all
theticksfor the entire question asarecheck and draw acircle around the question
total to confirm correct addition.

6. If partshave been attempted at different placesdo thetotalling at the end of the
part attempted |ast.

7. If any extrapart isattempted or any questionisreattempted, scoreout thelast one
andwrite“extra’.

8. In questionswhere only acertain number of items are asked evaluate only that
many numbersin sequenceasisaskedignoring al theextraonesevenif otherwise
correct.

0. Transcribe the marks on the cover page. Add up question totals. Recheck the
script total by adding up circled marksinthe script.

10.  Someof thequestionsmay relateto higher order thinking ability. These questions
will be indicated to you separately by a star mark. These questions are to be
evauaed carefully and thestudents understanding/ andytica ability may bejudged.

11.  TheHead-Examinershaveto go through thefirst five answer-scriptseva uated
by each evaluator to ensure that the eval uation has been carried out as per the
ingtruction givenin themarking scheme. Theremaining answer scriptsmeant for
evaluation shall begiven only after ensuring that thereisno significant variation
inthemarking of individual evaluators. /
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QUESTION PAPER CODE 99/1
EXPECTEDANSWERSVALUEPOINTS
SECTIONA

Q1. Humulinactsfaster/Incidenceof alergic reactionisreduced. 1
Q2. (b5x2*=10% 1

Q3. Interferonsareproteinssecreted by viraly infected cellsand interferewith vira
propagation. 1

Q4. Recombinantinsulinisexpressedintracdlularily, hencenoinsulinisintheculture
fltrate 1

Q5. EPO enhances performance of athletes becauseit stimulates RBC production,

whichincreases oxygen carrying capacity, aerobic metabolism; henceit isbanned. 1
Section- B

Q6. Specificgrowthrateismaximum during exponential/ log phase. 1

Avallability of nutrientsallowscellstodividerapidly till stationary phase. 1

Q7. YACscontainteleomeric and centromeric sequenceswhich enableit to behaveas
anartificia chromosome. 1+1=2

Q8. Toidentify genes, their functions, regulatory sequencesand to infer phylogenetic
rel ationships (any two). 1+1=2

Q9. Foamingiscaused by proteins/components of media/metabolites produced by mic-
robes (any one). 1

Foaming can denature protei ng/cut oxygen supply/microbestrapped in foam cannot
grow (anyone) 1

Q10. A transgenic plant has DNA/genesfrom another organismintroduced through rec-
ombinant DNA technol ogy. 1

Any two examples- Bt cotton, Flavr Savr tomatoes, Goldenrice, ediblevaccines. Yrlo=1
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Q11. T cdlsplayamagjor rolein graft rgjection.

OKT-3targets CD3 surfacemarker on T cellsremoving them from circulation and
hence graft isnot rejected. 1+1=2

Q12. Options(a) GCCTCATTCGAAGCCTGA

and (b) ACTCCAAGCTTCACTCCG Yo+l =1
Restriction enzymesrecognise palindromic sequences. 1
Q13. BLAST: BasicLoca Alignment Search Tool. 2

Gapsareinserted to align sequencesof unequal length but sequence smilarities.

Q14. Useledf discg/embryonic calus; Infect with recombinant disarmed Ti plasmid; co-
cultivationtofacilitatetransfer; sel ection and regeneration medium; inducerooting;
hardening and transfer to soil. 2

Q15. Strainimprovement techniques, classica genetictechniques/mutant selection; genetic
enginesring. 1+1=2

Section - C

Q16. To createtransgenic animalsby direct microinjection of DNA into ovaor ssemcells
and produceinsulin and other proteinsin milk onacommercia scale. 1

Any four advantagesover using bacteria- largeamountsof source, functiondly active
proteins being produced in mammals, ease of collecting milk, ease of production,
moderate capita investment. Yox4=2

Q17. () Levelsof MRNA arenot necessarily correlated with protein production. 1%

(i)  2-D gd dectrophores g/proteomics can assessthetota proteinsactually ex-

pressed. 1%
Q18. Batchculture Continuousculture
1. Closedculturesystem open culturesystem
2. Haslimitedamount of nutrients nutrientsarereplenished
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3. Organismshowsnormal growth cellsaregrownfor extendedtime
kinetics
4.  Organismsare exposed to con- chemicd environmentiscongtant
tinualy changing environment.
Any three 1+1+1=3
Q19. Risks, any threefrom pg. 136. 1%
Benefits, any threefrom, pg.128-134. 1%

Q20. Animal cellshavecomplex nutritional requirements, need CO, incubators, proper
humidity conditionsand grow only for limited generations. 1%

Serum hasessential growth factors, hormonesand other componentsthat support
thegrowth of many cell types. 1%

OR
CQ, incubatorshelptomaintain :

Fixed levelsof CO, and therefore pH; high humidity to prevent desi ccation, main-
tain correct osmolarity and constant temperature. 1x3=3

Q21. ()  Essential amino acids cannot be synthesised in the body and haveto be
obtained fromthediet. 1

(i) BCAA areimportant for musclegrowth. Their intake preventsthe breakdown
of muscle proteinsduring exercise. They can be processed to yield energy. 2

Q22. Vector containing an insert isarecombinant vector. 1

Vector and fragment containing geneareisol ated and cut with sameredtriction enzyme;
joined with DNA ligase to make recombinant vector/Fig. on Pg.55. 2

Q23. Micropropagation using meristems.
No, thesearenot virusresistant.

Because meristemsarevirus-free but do not have resistance genes. 1+1+1=3
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Q24. EScdlshavesdf renewa capacity and differentiating capability and thereforecan
be used to treat burnvictims; repair of jointsdamaged by injury or arthritis, repair

or replacement of liver etc. (any three) 1+1+1=3
Q25. Step 5 most effective because of maximumincreasein specific activity. YB+1=1%
Step 3least effective because specific activity decreasesfrom previous step. Yo+ 1=1%

(Specificactivity calculations can beadlotted Y2mark for each part.)
Section-D

Q26. SNPsare singlenucleotide polymorphisms. Applications- disease predictionsand
popul ation geneticsetc. on pg. 80-81 (any two) 1+2=3

Any two databaseslisted on pg.94- EMBL/SWISS-PROT /PDB/Ribosomal RNA

database/PAL | database and their use. 2
Q27. (i) Theentireprotein complement of acell/tissue/organism. 1%
(i)  Structurd proteomics, functiona proteomics; expression proteomics 1¥5

(i)  Proteinsaremorethan genesdueto aternate splicing/overlapping genes/post
transcriptiona and post trand ationa modifications. 2

OR

2-D gel eectrophoresis. First dimension by isod ectric focussing and includeprinciple
and second dimensionby SDS-PAGE with principle. Details/ diagramonpg.16& 17.  1+2+2=5

Q28. () Diagramonpg.68,fig.14. 3
(i)  Therma stability; resistanceto denaturation by organic solventsand extremes
of pH; improving cataytic activity and modifying specificity. 2
OR

Principleand detailson pg. 64-66 (fig.11 & 12).

Include 4 sequencing mixtures, each containing DNA singlestrand, primer, DNA
polymerase, NTPsand ddTTP/ddATP/ddGTP/ddCTP. 2
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The chaintermination achieved dueto the presence of dideoxy nucl eotidetriphos-
phate should be explained. 2

Reading of the sequencefrom the autoradi ogram should beindicated. 1

QUESTION PAPER CODE 99
EXPECTED ANSWERSVALUE POINTS

Section-A
Q1. Non-destructive, faster and smplemethod Box2=1
Q2. (3x2)¥=4x10° 1
Q3. Monoclona antibodiesare epitope specific. 1
Q4. Recombinantinsulinisintracelular; culturefiltrate hasno hormone. 1

Q5. EPOisaperformance enhancing hormone and hence banned. It stimulatesRBC
production increasing oxygen carrying capacity. 1

Section-B

Q6. Forlargescaeculturing mediacomponents should beeconomica, consstent quality,
availableall roundtheyear and locally available (any two), 2

Q7. cDNA. Bacteria systemscannot splice eukaryotic geneintrons. 1+1=2
Q8. Homologous sequencesarederived from the sameancestral gene.

Databaseretrieval tools- LOCUSIinks can be used. 1+1=2
Q9. For€efficient oxygentransfer, cell growth and mixing (any two).

Shakers/ baffleflasks. 1+1=2

Q10. Primary metabolitesarerequired for basic metabolism. Secondary metabolitesare
not essentid.

Any two examplesfrom Table 1 on pg. 125. 1+1=2
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Q11. T cdlsplayamagjor rolein graft rgjection.

OKT-3targets CD3 surfacemarker on T cellsremoving them from circulation and
hence graft isnot rejected. 1+1=2

Q12. Options(a) ACTCCAGAATTCACTCCG
(c) GCCTCA TTCGAAGCCTGA
Restriction enzymesrecognise palindromic sequences. 1+1=2

Q13. European Molecular Biology Laboratory.

Gapsareinserted when comparing sequenceswhich are similar but of unequal
length. 1+1=2

Q14. Plant partswhich are eaten raw such astomatoes, bananaetc.
Easy painlessdelivery system, low cost and no storage problems(any two). 1+1=2

Q15. Strainimprovement techniques- Classica genetic techniques/ mutant selection and
genetic engineering techniques. 1+1=2

Section - C

Q16. To createtransgenic animalsby direct microinjection of DNA into ovaor ssemcells
and produceinsulin and other proteinsin milk onacommercial scale. 1

Advantages- high production capacity, ease of collection of source material, low
operational cost/capital and ease of production. Yox4=3

Q17. Any four- transformation, transfection, e ectroporation, microinjection, biolisticsand
phage based vectors. Yox 4=2

Any onemethod of insertional inactivation- lossof antibiotic resistance/ blue- white
sel ection method as discussed on pgs. 58 & 59. 1

Q18. A fedbatch cultureiscontinuously or sequentially fed with fresh mediumwithout
removing thegrowing culture. 1
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Benefits-increased production of intracel lular metabolites; high cell density canbe
achieved. 2

Q19. Transgenic cropsmay caused lergies; they may affect biodiversity; alow horizontal
transfer of antibiotic res stance genes, change evol utionary patterns. (any threefrom
pg.136) 1x3=3

Q20. ()  Thephenomenonwhich preventscellsfrom growing beyond confluence. 1

(i) A defined medium hasknown chemicds, of fixed compaosition and can sup-
port growth of selected cdlls.

Serumisan essential component of animal cell culture mediaand isasource of
growth factorsand hormones. 1+1=2

OR

()  Anchoragedependent cellsgrow asadherent cellswhereasanchorage-inde-
pendent cellsgrow as suspension cultures. 1%

(i) By addingglycerol/DMSO/serum which prevent formation of icecrystals. 1v5

Q21. ()  Anytwoapplications- eg. - dissolving clots, food and beverageindustry,
soap/detergent industry, leather and textileindustry etc. Yot lYo=1

() BCAA areimportant for muscle building; These prevent the breakdown of
muscle protein during exercise; They can be processed to provide energy
(any two). 1+1=2

Q22. Any three pointsfrom pg.78- basisof discovery of all genes, relationship between
genes, toolsfor further experimentation, anindex to draw and organiseinformation,
servesasan archivefor thefuture. 1x3=3

Q23. Micropropagation using meristems.
No, thesearenot virusresistant.

Because meristemsarevirus-free but do not haveresi stance genes. 1+1+1=3

Q24. EScdlshavethecapacity for self-renewa and differentiation. 1
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Treatment of burn victims; repair of joints; replacement of liver etc. (any two). 1+1=2

Q25. (8 Step5Smodt effective- maximumincrease of specific activity. Yo+l =1

(b) Step4least effective- noincreasein specific activity. Yo+l =1%
Section-D

Q26. () Essentid features- origin of replication, selectable marker, restriction sites
(any two). 2

(1)  cosstesimportant for packaging DNA into phage heads.

(i)  DNA ligase-joinscut DNA strands(recombinant DNA); alkaline phospha-
tase prevents sdlf ligation of vector. 1+1=2

Q27. ()  Separation of proteinsbased ontheir charge/isoelectric pH. 1

(i)  structura proteomics, functiona proteomics, expression proteomics, proteome
mining. (any two). 1+1=2

(i)  Proteinsrespons blefor phenotype, proteinsmorein number than genesdue
to dternate splicing etc., proteomeisdynamic, quantitative differencesin pro-
tein expression etc. pg.37 (any two). 1+1=2

OR

The principleof protein fingerprinting isto generate peptide maps after proteolytic
cleavage and separation of the peptides. 1

Major steps- trypsin cleavage, el ectrophoresis, paper chromatography and visua-

listion. 3
Application- detection of sickle cell haemoglobir/ sicklecell anaemia. 1
Q28. Nationa Centrefor Biotechnology Information. 1
Uses- Comparison of genomes; Finding homology of unknown geneusing BLAST. 2
Any two from pg. 92-93 2

253



|@ myCBSEguide.com
'-__ A Complete guide for CBSE students

OR

Proteinsare more than genesdueto aternate splicing/overl apping genes/post tran-
scriptiona and post trand ationa modifications. 2

No correlation necessarily between compl exity of organism and total number of
genes. 1

Any examplewith jutificationason pgs. 79 & 80. 1+1=2
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