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HIH: 5k F (general transcription factors, GTFs).
GTFs SR8l 1454, il Pol I E (i Ff4T7F DNA
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R e DR A O 9 IX e 73 5 A AR S 41 O 119,
SRS T AN E S (cellular signaling) A7
WA T SOKT. A0AZ N Y
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Fig. 1. Configuration and signaling of the transcriptional apparatus.
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Fig. 2. Two models of how the Mediator complex operates:
(a) The Mediator acts to nucleate the flexible CTDs of Pol
IIs, with the efficiency of Pol II assembly elevated; (b) an
enhancer-bound activator induces allostery in the Mediator,
resulting in a facilitated circumstance for transcription initi-

ation.
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Fig. 3. Two models of how the enhancers function: (a) In
the phase separation model, enhancers recruit transcription-
al activators that further recruit various coactivators and
the transcriptional apparatus via low-affinity disordered re-
gions; (b) every enhancer plays a unique role and different
enhancers cooperate to orchestrate transcription regulation.
Shown is an example of regulatory mode at the ginAp2 pro-

moter.
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BT PR E AS. Sead ok, RS S ARE, AT
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e w M B, PR E NS G, BAA
FRAP HARTCIL /3 HrEE 1 it 5 DNA B AH B AE
S TR LAY JO T RE AR A 2 A DI BE A BAVE R, (H4G
BT AT S DNA FHEAEH B R, AN R FP
KR T, LEAN R e st RE B B 5 0 30 7 i
T SOA EbAH EAE . XA TAE ChIP 3R
P I 8] RS 45— X U R AR RN 5%
HERR B B 3 ) A ) (IR 2.

Kl 47838 T I A N pS2 BRI sk b
SRR I T 290 40 43%h. B4y T DU f
% it ERq, Pol 11, p/CIP, Brgl £ 5% ¢ yE 2
TGN, — R S A sh i — O B AR
FH. B B A Bst 1), B0 % SR 3, 249 R 0RD 3]
JUor5h. SRR X, ZE A SR k4
AHEAE R R R AR 1 BT AR AE R 1 B B
Z 556 (HRIR S 5T AR .

B 4 N pS2HEE G 3h T Y I e

Fig. 4. Transcriptional clock of the human pS2 promoter.
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SRR, WORRE A h BAK I e sk 2 07 27 R
AU E A HR (colocalization single-
molecule spectroscopy method) Sk EL % & &
J-DNA FHEAE SN 2= 841 T Al 6, (i As 2 DA
TR ABFFEie SEHL AR Az S pIL ] .
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Abstract

Laws of physics govern all forms of matter movement. However, lives, which are composed of chemical
elements which everyone is familiar with, are largely beyond physical description available. This is because the
construction of life is not the same as that of general matters, rendering it unknown how physics laws are
utilized. In this paper, we present our thinking on the transcriptional apparatus (TA). The TA is a huge
molecular machine acting to sense regulatory signals and initiate transcripts at right time and with right rate.
The operation of the TA is fundamental to almost all forms of lives. Although great progress has been made in
recent years, one often has to face contradictory conclusions from different studies. Additionally, the studies of
transcription are divided into several fields, and different fields are increasingly separate and independent.
Focusing on eukaryotic transcription, in this review we briefly describe major advances in various fields and
present new conflicting view points. Although the structural studies have revealed the main components and
architecture of the TA, it is still unclear how the Mediator complex transmits signals from activators to the core
transcriptional machinery at the promoter. It is believed that the Mediator functions to recruit RNA
polymerase II onto the promoter and promote the entry into transcriptional elongation, which fails to explain
how the signal transduction is achieved. On the other hand, the allostery effect of the Mediator allows for signal
transmission but is not supported by structural study. It is reported that enhancers, especially supper
enhancers, act to recruit activators via forming a so-called liquid drop and phase separation. By contrast, it is
suggested that enhancers should cooperate delicately to orchestrate transcription. Results on the kinetics of
protein-promoter interaction also contrast with each other, leading to a paradox called “transcriptional clock”.
It is then concluded that proteins interact frequently and transiently with promoters and different proteins
interact with the promoter at different stages of transcriptional progression. The phenomenon of transcriptional
burst questions how the cellular signaling is achieved through such a noisy manner. While the burst frequency
or size, or both are potentially modulated by transcriptional activators, more evidence supports the mode of
frequency modulation. The technical difficulties in investigating the mechanism of transcription include
1) structural characterization of flexible and/or unstable proteins or protein complexes, 2) measurement of
intermolecular kinetics, 3) tracking of single molecule movement, and 4) lack of methodology in theoretical
research. We further propose a research strategy based on the ensemble statistical method, and introduce a
model for how the TA dynamically operates. The model may act as a benchmark for further investigations. The
operating mechanism of the TA should reflect an optimal use of physics laws as a result of long-term biological

evolution.
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