AP® BIOLOGY
2008 SCORING GUIDELINES (Form B)

Question 2

2. Many biological structures are composed of smaller units assembled into more complex structures
having functions based on their structural organization.

For THREE of the following complex structures, describe the smaller units, their assembly into the
larger structures, and one major function of these larger, organized structures.

For each:
Unit Structure (with description) Organization/Assembly Function/Benefit
1 point 2 points maximum* 1 point maximum

(*1 may be general,
second specific to
larger structure)

Structures — Emergent properties (4 points maximum each, only grade first 3)
(a) A eukaryotic chromosome

Unit Structure—QOrganization/Assembly (must demonstrate organization to a chromosome):
e Describe nucleotides (or later structure in the sequence)

— DNA — nucleosomes* — chromosome

*around histones (non-DNA)

e Describe levels of folding

— heterochromatin — condensed chromosome
e Describe DNA (or later structure in the sequence)

— functional sequences (introns/exons/spacers) — genes —

regulatory elements — chromosome

Function/Benefit:

e Package DNA

Make for efficient cell division
Juxtaposition of coding elements

Gene regulation

Storage/protection of genetic information

(b) A mature angiosperm root

Unit Structure—Organization/Assembly (must demonstrate organization to a functional root):
e Describe organelles (or later structure in the sequence)
— cells — tissues— layer — root

Function/Benefit:

e Storage

e Transport H,O (absorption only via root hairs)
e Symbiotic relationships

e Secondary growth
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Question 2 (continued)

e Anchorage
e Mineral uptake

(c) A colony of bees

Unit Structure—QOrganization/Assembly (must demonstrate organization to a colony):
e Individual bee (or component later in sequence) (this is usually the unit)

e — organization into castes (workers, drones, queen) — colony

e Flaboration on roles of castes

Function/Benefit:

e Survival of colony—specialization maintains colonial “homeostasis”
e Preservation of genetic makeup through altruism

e (Communication for food/enemies

e Role in ecosystem, e.g., pollination

(d) An inner membrane of a mitochondrion

Unit Structure—Organization/Assembly (must demonstrate organization to inner membrane):
e Phospholipids and proteins (or component later in sequence)—describe at least one

e — organization of proteins (specific respiratory molecules together) — folding — membrane
(cristae must be uniquely mitochondrial)

Function/Benefit:

e Impermeable to H+ forming gradient

e Proximity of Kreb’s Cycle to the membrane
e FElectron transport

(e) An enzyme

Unit Structure—QOrganization/Assembly (must demonstrate organization to enzyme):

e Amino acid (or component later in the sequence) described

e — polypep (1° structure, etc.) — protein + modification

e Uniquely enzymatic modifications: cofactor/coenzyme/prosthetic group/allosteric modulators

Function/Benefit:

e R-group interactions forming active site

e Lowers activation energy

e Increases reaction rate (cannot simply say “catalyzes reactions”)

© 2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



2. Many bxologmal structures are composed of smaller units assembled -into more compléx structures having Zﬂ R
functions based on their structural organization.

For THREE of the followmg complex structures, describe the siraller units, their assembly into the larger
structures, and one major function of these larger, organized structures,

(@ A eukaxyouc chromosoine.

)" A mature angiosperm root

(c) A colony of bees |
\(#J An inner membrane of a mitochondrion
&#f An enzyme '

= X s — S LT

M_dj\_ s N\ m-H’\ ldmdn bn) ¥ mmmliﬂ__

;ﬁ\mm_’_%%m_’,_;gbn‘l QoA (’E&QA 4 'ni tmﬁyl : ?@jhmﬁ;awn.

Mool Gme N i0A Om ‘t‘ ne naam A o\\n t’\ﬂ. X 'tu- 0 oo

9b & v chgds omad sssa " lpod jon Wo Crpmplaod
‘ ‘5‘6 uyelin Omal m’\nmsmabz\ Q1Mh ﬂ)\o /7(9(9(‘2 /[Em ’f/n {OQOJ J!lov lo,pmo .

10040 \ (anl SATEWART lam‘&&
b Dann ined) é‘ ,s.e,.%g ‘ lac.) aul a Xl aach e Since i
&

. Y ! ) )
1 A Axt \. \. AV BN Faalend 6‘:- J@ )W\(Mﬂ"(\ M L\(‘dﬂD Q)?/x}vb A&L
i . ‘ . r ( - i . 3
In O A L a ) y \ . 24 A )

SR s
A (A@W Ya 0o // . ﬁ’i‘i“fm ° P}i‘mw )
~ /.d gs 4. ij&m,, B

G'O_VON'TO'.THE NEXT PAGE.
!8' ' .

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



ADDITIONAL PAGE FOR ANSWERING QUESTION 2 LA 2

A\
210 p Oy

87 in §n ohel

4“‘ Ja paadl JraN nu v, O, AL
Ry "~ _ F , i N
' LY X0 CA ) =V ‘n‘bA.A, (A7) BANND LVIQNAIN g /W AL C Vv f
-—QM'IQ&J@ &_ _Q&b (‘tﬁ% pE)MJD ‘001’\’ 00)0)]/)1 \-»\}1'\:1(\

O/ , R . \ .
_ 0n QN 474180 S N 20) 9O K bt U7 Qe s
\ . \ ~ ( + N A i
aQ1an ! 0 L.L’ ST aS V. Yo R fa runce ACHMD - A ~J', n Cor
&h h M ; - ' \ [ = 4
A on L, LY %Y ab0 Qeelic 4 birvoradigs T AA
W~ ) A \\ 7 N [/
0 OLQ O C QA oo el W e\ am 1roun () Combna t
U/ ' / AL
My NV H j ML 0O

£ (A ’I‘l‘l ““.A (Amimp

('(wﬂoméa/\,fr\m/ -dprc)\h.QL% %Joc‘\ﬂm QQ ({ﬂ’m o berd (Q»Lnonm

@x&» Mﬂdb‘()m %aﬁ&« @4% (@ Muﬂd ’HOEHGLQ, OCLUA

GO ON TO THE NEXT PAGE,
-9-

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



WP

2. Many biological structures are composed of smaller units assembled into more complex structures having
functions based on their structural organization.

For THREE of the following complex structures, describe the smaller units, their assembly into the larger
structures, and one major function of these larger, organized structures.

(a) A eukaryotic chromosome

(b) A mature angiosperm root

(c) A colony of bees

(d) An inner membrane of a mitochondrion

(e) Anenzyme

Q QU\'UM&.L‘H( l\/ ASYLAYONOYLY 15 O \\“}\LE) (b/’iﬂfﬂW\ ‘\YUM\
(\}\/A %Eiﬂﬁ% th d\\hS\()\ ((mdl)@\ H\{ “Nﬁ ‘:L L}Oﬁ} ﬂ/u)
LU PTR | Prfu ot C‘A(Q‘MO)CM5 Yo modimy  C i Cnin - DNf

D Me tove Gt 0f o &LQ@L Loan, Suttna ot aolintile
Theee  acc & \(mr(L@\m)@) : C lr OM\' - A 94*({114\3 of ﬂ\‘fr
RS (WP %) L S B 9N DMﬁ & doble  Sheuall | Moo
\Nﬂ i‘&;@uﬂ* wrd (’ﬁt{ LW@ ‘LtV)L _afe CO{‘»\ABMAW{\. g 18}
CQnn f)(k'Mv\l//{{Ar o 2 GJ Pr%l C_aeo CUm{)vaM’tAr\.ﬂU b Xoa) &
‘gc’sgﬁfl&wjﬂ
) i €. AT Lc@n(rf"%’ a‘\UY\/\/\[\/\r\/\(\D(”
L Y- T AT ObAT =Y NS
Ej\fpr wnlias (O‘n\ Rﬂf ool ‘_»m}um)‘ L T 0, E {
H@z Lia hﬁ\n DL[{I'IS ‘é)!“ \Dg’)‘l h.ilb hoo {O(w({:Wéw%{iémI
CW&QCR’J _ I gl@‘kt ﬂ‘,"\\f\bw\' W (‘.X(méjr';( \aulz) 40 ot o

by

ﬁ {watku € (.-mf raﬁ an MM/L&/Q{SM Ei/budﬁ[ut\ Dfu,. fL ‘HALS [ng
\(L’Ubﬁi )’M(\J;L [OJQ- ‘ {‘(«l hﬂfﬁ)(ii‘ l]/‘\) maq.@ &mduf \'Jfl{ﬂil'iﬁj

Yopal, 1

|

A R

[

// /. ”/ SN
lh %\(;uéz Og A’Lt JmT > (,U\;er\; hbyyg lfﬂc%; oot l’?dy MAL

GO ON TO THE NEXT PAGE.
-8-
©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



HBo

ADDITIONAL PAGE FOR ANSWERING QUESTION 2

LNy ma& Moximize Y Sy m(w 6 H/u)r maore o
(Md Wu’\(u? aly (G Ll( : m\ow((wl. ghﬂ\&i\;"\bj *frufu (mb nl(st (If)s’m
\/"k{v{.(n(\/\ 200, AN N \Whe G JUAg)lLS vt —qu mJH of Q
Qb enhen 19 doly Ty Wt At i) nobou st [n

felora  Hn x“umn’u\ NIRRT, ohfuagattet e ?V’d‘)\l(f;) fum
ot ; . 1

0 mem N féf()m groltiny b\i\r\g}lr\ ot Lot ad o

g gl G ang ek o bap eads  ou coﬂéam.m o —hh, Qrap
v one (‘/m!ulmm &« ~ (ot Uj[OuQ- Ttug\ iﬁb.n ’7{ BOv‘iL() 'f’Ow’M
J hopgh gfoht boa): Tt prigs v mbels  of wily
< pm)w) 3
At —
[7 MH-C — ~ N -0
\'__E g /
aghde bl N
| ~ 0 | ‘
[* Qrokm [ G@ CC((,\ ﬂﬂ(’lf)" Q (un,.i (hum ()"( GG s .

B (Gn {ontain Qoo A&umlfzf dai) )rJQ/ of H« 20 Gumang
ans @/mmmﬁ Hoce 1S in dmpst pompd 4
QO‘.‘%N])'\ \|to\ D?ngs gri ‘7091 1(4] orvlfm( \rL‘.‘% dqm% ‘/\«‘;\IC

A ly u\ E{ '(umﬁ PR &v (uL JOwn OH«L Mo(ew(ﬂ"v, Tl\zw
\‘Q“’T’\i W*H‘\ e VY!O(\O(’ULQ:\ i (\am,m KJU( Mgy an C’w&svwa

) u\"(;}mtl‘ O {}‘\Q?\I; tﬁg(‘mk H:g b(}/!u any) \Dr(u) Uen LN
vog rale afe emally, bk,

. s A 2,
e R e : ’ ‘::—L., ’
I v B
7 T\ >
<3 . 7
7\4\'75‘;'(5‘,1/ m\lﬂ on %A r\‘:—j
k9wl L~ ﬁ; #,\ amf\gv( 5 malie, b iy

GO ON TO THE NEXT PAGE.
-9-

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



JC
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Question 2

Sample: 2A
Score: 10

Part (b) earned 3 of 4 possible points. The student identifies and describes smaller units and also correctly
describes the function of the whole root in “transport of water and minerals from the roots to the plant.” The
description of xylem tracheids and vessels weakly earned an organization/assembly point for connecting
different levels of organization. The diagram would have earned the organization point if the student had
referred to the diagram within the text or explained rather than just labeling it. Standalone diagrams cannot
earn points.

Part (d) earned all 4 possible points. The student initially defines the smaller unit, “phospholipids,” and later
describes that unit as “made of two non-polar lipid tails.” The student earned the organization point by
describing membrane proteins of the electron transport chain. The student earned the other
organization/assembly point by describing the ATP synthase and the emergent property of the proton
gradient produced by the membrane. The student earned the function point for correctly describing
production of ATP.

Part (e) earned 3 of 4 possible points. The smaller unit is described as “chains of amino acids.” The
organization/assembly point was earned through the description of the chemical construction of an amino
acid. The description of the active site is not sufficient for the second organization point without a correct
description of allosteric modulation or competitive/noncompetitive modulators, which would be considered
an elaboration point. The function point was earned for the phrase “act as [a] catalyst and speed up chemical
reactions.” Using the term catalyst was not sufficient to earn that point, but the addition of increasing
reaction rate and lowering activation energy required for reactions was acceptable.

Sample: 2B
Score: b

Part (a) earned 3 of 4 possible points. The student identifies a smaller unit of a chromosome as DNA and
describes it as a “compressed strand,” earning the unit point. The student describes strands of DNA, earning
the organization point, and correctly describes a function of a chromosome as “contains coding for proteins.”

Part (b) earned 1 of 4 possible points. The function of “water and nutrients can be absorbed” is sufficient for
the function of the entire root. The student does not address multiple levels of organization within the root.

Part (e) earned 1 point for describing the smaller unit of the protein, the amino acid. The student did not earn
the function point because the explanation of “catalytic function to break down other molecules” is not
correct.

Sample: 2C
Score: 1

Part (a) earned 1 of 4 possible points for correctly identifying the function of a chromosome as housing
genetic material. The student identifies the smaller unit of the chromosome but does not describe that

smaller unit.

No points were earned in part (c) because the question did not ask for examples of enzymes.
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