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Primary-literature-based teaching in Cell Biology to improve

scientific teaching
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Abstract To develop students’ innovative and creative abilities, the educators over the world
are practicing various approaches to facilitate students ’ learning. This education reform concentrates
on the transformation of the cognitive system — from the knowledge-based system to the action-
based system. In one chapter of the course Cell Biology, we selected three original research articles
in the field of cellular membrane and vesicle trafficking as the reading materials. Some problems
about literature reading have been identified in class. Based on these, some specific teaching
strategies have been developed to facilitate literature reading. We introduce these approaches to
improve scientific teaching and share our experience in achieving high level of learning.
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Figure 1. The framework of G. Blobel’s article associated with the ribosomes assembly on the

membrane published in 1973 (adapted from reference [16]).
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Figure 2. Release of ribosomal nascent chains by treatment of rough microsomes with
puromycin (cited from the Figure 11 and Figure 12 of reference [16]). The figure above was treated
at low KCI. Samples C and D was treated with puromycin, while samples B and D were diluted by
detergent. In puromycin-free groups, more 80S ribosomes were released from the membrane with
detergent (sample B above) than without detergent (sample A above), while nascent peptides and



ribosomal monomers were co-localized in the same fractions. This indicates that the ribosomal
monomers are associated with nascent peptides. In puromycin-treated group, (compared sample D to
B) nascent peptides were released from ribosomes to the supernatant. This suggests that puromycin
induced the separation of ribosomes and nascent peptides. The figure below was treated at high KCI.
The experimental protocol was generally identical with that above. The results shows that detergent
made the nascent peptides co-localized with ribosomes (sample B) instead of membranous
components (sample A) in puromycin-free groups. This results prove the association between
ribosomes and the nascent peptides once more. In puromycin-treated groups (samples C and D below),
the nascent peptides and ribosomal subunits were localized in different fractions. Nascent peptides were
released from membrane (sample C) into supernatant (sample D) with detergent. It shows that nascent
peptides were bonded to the membrane. In conclusion, ribosomes are bound to the membrane by the
nascent peptides. In figures, P means the pellet; the small arrow (M) shows the position of ribosomal
monomer (80S), while S and L mean the small and large ribosomal subunit respectively; Mb indicates

membranous components.
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Figure 3. Schematic model of ribosome-membrane interaction in rat liver rough microsomes and

of the mode of action of puromycin and/or high KCI (adapted from the Figure 15 of reference

[16]).
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Table A1. The schedule of Cell Biology course including lectures and literature-reading.
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Figure 1. The framework of G. Blobel’s article associated with the ribosomes assembly on the

membrane published in 1973 (adapted from reference [16]).
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EiEHIE (M TE#RBFA), HERBAIBESRASHLEN, MSBEELENM, FEFEERRZTER
SHEREES. BRBRAEBES (TEHR CHFD), MEMRBTSEREENRDIERLZENM, MA
Ki5HlE Gtk TEHMm D 1 C), EREBRESBRHE LERPE, XFAMEREETEL. &
LT, ZEARNTEAREEERERE L. Bd P RSO ERRMA, &k M FiRA 80S HEk Rk
HGLE, S RZPERNEE, LSRR KRIEE, Mb/RIRIEXES .

Figure 2. Release of ribosomal nascent chains by treatment of rough microsomes with
puromycin (cited from the Figure 11 and Figure 12 of reference [16]). The figure above was treated
at low KCI. Samples C and D was treated with puromycin, while samples B and D were diluted by
detergent. In puromycin-free groups, more 80S ribosomes were released from the membrane with
detergent (sample B above) than without detergent (sample A above), while nascent peptides and
ribosomal monomers were co-localized in the same fractions. This indicates that the ribosomal
monomers are associated with nascent peptides. In puromycin-treated group, (compared sample D to
B) nascent peptides were released from ribosomes to the supernatant. This suggests that puromycin
induced the separation of ribosomes and nascent peptides. The figure below was treated at high KCI.
The experimental protocol was generally identical with that above. The results shows that detergent
made the nascent peptides co-localized with ribosomes (sample B) instead of membranous
components (sample A) in puromycin-free groups. This results prove the association between
ribosomes and the nascent peptides once more. In puromycin-treated groups (samples C and D below),
the nascent peptides and ribosomal subunits were localized in different fractions. Nascent peptides were
released from membrane (sample C) into supernatant (sample D) with detergent. It shows that nascent
peptides were bonded to the membrane. In conclusion, ribosomes are bound to the membrane by the
nascent peptides. In figures, P means the pellet; the small arrow (M) shows the position of ribosomal
monomer (80S), while S and L mean the small and large ribosomal subunit respectively; Mb indicates

membranous components.
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Figure 3. Schematic model of ribosome-membrane interaction in rat liver rough microsomes and

of the mode of action of puromycin and/or high KCI (adapted from the Figure 15 of reference

[16]).
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Figure 4. The framework of the article about the translocation of nascent polypeptides (adapted
from reference [17]).
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H 5 RREWNSEERAR o BFAEAET RAFELE ST Sec61p RIFERRK: (5|88
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BRI EIERA .

Figure 5. Photo-Cross-Linking of Translocating Prepro-a-Factor and Preprolactin Chains to a
Putative Mammalian Sec61p (cited from Figure 1 of reference [17]). Translocation intermediates were
separated from canine microsomes. In the figure above, aF160mer means the fragment of prepro-a-factor
of 160 aa. Irradiation indicates that samples was treated by UV for photo-cross-linking. Con A-bound
means binding to concanavaline A-Sepharose before irradiation. Compared lane 1 to lane 2, a protein
was captured by photo-cross-linking. Later, this protein was identified as Sec61p. After sample was
treated by detergent to remove membranous fractions, there still exists Sec61p. This prove that Sec61p
is associated with aF160mer.
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Figure 6. Association of Sec61p with Ribosomes (cited from the Figure 7 of reference [17]). The
fractions of rough microsomes or microsomes stripped of ribosomes by puromycin treatment were
analyzed by SDS-PAGE and subsequent immunoblotting using various antibodies (Sec61p [N-
terminus], SRa, 22 kd subunit of the signal peptidase [SP22], TRAM [C-terminus], SSRf [N-terminus],
the putative ribosome receptor p34, the ribosomal proteins L6 and S26). P indicates the pellet fraction.
Without puromycin, fractions 3-9 bound to antibodies of Sec61p and ribosomal proteins, and fractions
10-12 bound antibodies of Sec61p, ribosome receptor and signal peptidase. These results show that
Sec61p is associated with ribosome, as well as signal peptide. With puromycin, fractions 10-12 bound to
antibodies of Sec61p, ribosome receptor and signal peptidase instead of ribosomes. These results show
that Sec61p may be associated with ribosome directly or indirectly (via binding to signal peptide).
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Figure 7. The framework of the article about vesicles transport (adapted from reference [18]).
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E 8 BRRSIMMEA KDEL ¥4k, AHZEARTEMREZEHMEAR RERFR) LEMAS
FYHE GIRBESEEM8IE 3). (A). (B), (E)F(F)HESZERLL 10nm Kk E+ric. KDEL Zik
(32 A KDELr) ZE(A)FA(C)H LA 15nm Bk &#ric, 7E(D)+=E 6nm. 7E(C)FA(D)#, B-COP LA 10nm X
R EFRIC. e-COP #£E(B)®H 4 6nm EfA&E, 7E(F)F A 15nm ik &. {-COP 7E(E)H L 6nm RRIFEHR
8. (A)RERBREM KDEL ZAAFHEMER—RBS, MEHAISIIEREERSRFRM KDEL Z4k
HEIREAENEHELREMA: KDEL Z4FER B-COP, BRHR/RRE (-COP #1e-COP. LEAIR
73 100nm.
Figure 8. Colocalization of KDEL Receptor, Coatomer Subunits, and Anterograde-Directed Cargo
Protein (Proinsulin) on Frozen Thin Sections of Insulin-Containing Cells (cited from the Figure 3
of reference [18]). In (A), (B), (E) and (F), proinsulin was labeled with 10 nm gold. KDEL receptor (KDELTr)
was labeled with 15 nm gold in (A) and (C), as well as 6 nm gold in (D). In (C) and (D), B-COP was marked
with 10 nm gold. e-COP was marked with 6 nm gold in (B) and 15 nm gold in (F).{-COP was marked with
6 nm gold in (E). (A) shows KDEL receptor and proinsulin are less likely to be transported in the same
vesicle. The vesicles with proinsulin and KDEL receptor are coated by distinct coatomers: the vesicle with
KDEL receptor was coated by 3-COP while the coatomers of proinsulin were {-COP and e-COP. The scale

bars represent 100 nm.
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F B R R S EAN R X 38, JF BAEMEF NEM LB T EE AM 2 G, KA, X
IRBE VLI IS 1 Rs S AU R B A R PVE ;75— Ji T, B-COP 5 KDEL 32447
i FLELL, e-COP 1 ¢-COP SR R IRA M IE N, Wl T EEARZES S T#iz
RS PE TR E I o

RO E N, M IMA REAE A NILR, S50, K seit R IR —2%
A BB B I RAE RSN . Ik 1 PR, AL ER SR8, (-COP 25

T VSV G EAJHiE, B-COP 25 KDEL 21Kz,

Table 5. Colocalization of Coatomer, KDEL Receptor, and VSV G Protein in the 70-90 nm vesicles and Buds in Golgl Areas of
VSV-Infected Insulin-Secreting Cells and In Vesicles and Buds Forming in Cell-Free Systems

Vesicles or Buds (% [Mean = SEM])
(-COP  V5VG Both

Experiment Material Structure Only Only Proteins Summary
(1) VSV-infected Insulin cells  Vesicles x4 1Bxd4 93 39% = 11% of VSV G-positive
vesicles alsostain for (-COP
Buds /=9 18x4 18 =6 32% * 11% of VSV G-positive

buds also stain for [-COP

Vesicles or Buds (% [Mean = SEM])

p-COP  (-COP  KDEL VSV G Both
Experiment Material Structure Only Only Receptor Only Only Proteins  Summary
(2 Cell-free transport Golgi + Vesicles 7 x2 25+2 B=1 25% = 3% of V5V G-positive
cytosol + GTPyS vesicles also stain for {-COP
(3) " Vesicles 20 +3 14 + 2 6 *+2  30% * 6% of KDELr-positive
vesicles also stain for 3-COP
Buds 18 £ 4 15+ 3 3x1 16% * 7% of KDELr-positive
buds also stain for 3-COP
(4) " Vesicles 131 172 1=03 Nosignificant
colocalization (p < 0.008),
Buds. 131 222 1=03 Nosignificant

colocallization (p < 0.0003).

1 JARASKESEMEN N T RERESENEIE (B85 XH18]1% 5, LRASIAK, Tk
ABFRRETEERBHITER). (1) VSV-REARS RS MMMLI VSV G EBRS ¢ -COP BB
DHEL, FABKIET ¢ -COP 257 VSV G ERRFIE. (2)-(4) MINERSREMK. HH/RS GTPY
SR&, B/~P-COP 5 KDEL 2B EHIHEN, ¢-COP 5 VSV GERRARMIHENM, M KDEL
k5 VSV G EBRLHEN, AINEIIERR COPI 251 EERERIEIET.

Table 1. Identification of vesicle transport direction by cellular and extracellular experiments (from

the Table 5 of reference [18]; the table above from the primary literature and the table below
adapted for the comprehension in teaching). (1) shows that in the vesicles of VSV-infected insulin cell,
VSV G protein was partially co-labeled with Z-COP. This indicates that the transport of VSV G protein was
associated with -COP in the cell. (2)-(4) show that in the cell-free system (cell-free transport Golgi +
cytosol + GTPyS), KEDL receptor was partially co-labeled with 3-COP, while VSV G protein was partially
co-labeled with Zz-COP.

VEFIEAE N T AN TR —PRAE, #ZRSARRZE| VSV G EA AL, HHh
AT L VSV G & 5/ IMEAT KDEL 5244/, EIR G5 RAT 3t W] 1 o A1 s 28 1) e
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